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PREFACE

This report presents the results of one of four studies related to the

National Flood Insurance Program (NFIP) conducted by the Advisory Board on

the Built Environment (ABBE) during 1981-1982. The client for these studies

has been the Federal Emergency Management Agency (FEMA), whi.ch administers

the NFI&. This, report addresses the evaluation of flood-level prediction

using computer-based models of alluvial-river flows. The other three studies

are: (1) an assessment of the conduct of flood insurance studies; (2) the

problem of how to map areas of mudslide hazards (including recommendations on

how to delineate areas prone to mudslides); and (3) an evaluation of a

computer model for coastal flooding from hurricanes (and its specific

application to Lee County, Florida).

The study cOlllllittee was selected after consultation with experts in

government, industry and academia, as well as within the National Academy of

Sciences/National Academy of Engineering. The cOlllllittee was chosen to include

experts in river engineering, classical and numerical hydraulics, hydrology,

and river morphology--thetechnical disciplines related to the study area'

under consideration. The Chairman of the Committee was Dr. John F. Kennedy, a

specialist'in river hydraulics and sedimentary processes. The other members

of the Committee were Dr. Vito A. Vanoni and Dr. Carl F. Nordin, Jr., both

specialists 1n sediment-transport mechanics and river hydraulics; Dr. John A.

Schaake, an expert in the field of hydrology who specializes in runoff

prediction and flood forecasting; Dr. David R. Dawdy, whose specialty is

numerical model ing of river-flow and other hydrologic processes; and Dr.

Stanley A. Schumm, a specialist in riverine geomorphology. See Appendix for

biographical sketches.

The study was initiated by FEMA Regions 8, 9, and 10, primarily the

western states, because they had experienced problems with modeling channel

erosion and sedimentation using fixed-bed models (e.g., HEC-2) to compute

flood-water elevations. The focus of these problems was flood-insurance

studies in communities impacted by rivers with movable beds or alluvial

channels. It was suggested to FEMA that one or more existing numerical,

alluvial-river models might better serve the requirements of flOOd-stage

prediction for the National Flood Insurance Program. This study was organized

to address the question of flood-stage prediction and capabilities of

computer-based flow- and sediment-routing models for alluvial streams.

vii
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The COIII1\ittee decided early in thei r deliberations that a subcontract

should be awarded to the Institute of Hydraulic Research of The University of

Iowa to engage Dr. Tatsuaki Nakato to manage the technical aspects of the

study. Specifically, the subcontractor was to:

In October of 1981 it was further determined that subcontracts should be
negotiated with four computer modelers for the performance of test-case

calculations, utilizing models selected from the inventory compiled by Dr.

Nakato, for at least two U.S. river channels and corresponding flood events.

Each modeler selected was to:

Prep~re an inventory of available computer-based flood- and sediment­

routing models; a detailed description of each model's capabilities,
limitations, requi red input and input format, and output and output

format; and a general evaluation of each model's strengths, weakness

and applicability for use in flood insurance studies.

Propose, for committee consideration, at least two U.S. river

channels and corresponding flood events to be used as test cases in

the evaluation and co~ar1son of models deemed appropriate by the

Committee.

Compile the data required by each model, in the format required, for
the test cases selected and transmit these data packages to the

appropriate agencies or individuals for use in performing the test­

case calculations.

Make the arrangements requi red for the various agencies or

individuals responsible for the selected models to perform test-case
calculations using their models.

Perform, using the test cases selected by the Committee, a set of
test-case calculations using one of the selected models in order to

provide some indication of the accuracy, resolution, reproducibility,

etc., that can be expected from the other models and to ensure that

the test cases chosen are appropriate.
Prepare a report describing the test cases selected and the test-case

calculations.

Prepare, in a form suitable for evaluation by the Committee, a

compilation of the results of the test-case calculations that

includes written narratives describing the technical advantages and

disadvantages of the models considered.

2.

5.

3.

7.

4.

6.

1.
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1. Supply background infonmation consisting of:

a. The characteristics and limitations of his model, including
background documentation.

b. A copy of the program or a functional block diagram for each
• computer~based flow-routing and sediment~routing model.

2. Run his cOfllluter model(s) using given input data for given test-river

reaches in two phases:

Phase I: Rigid-bed model calculation
Phase II: Erodible-bed model calculation

Provide rationale for selecting the various parameters utilized in
his model(s) and final computational outputs tabulated in the format

requested by the Committee.

3. Upon request, perform additional computation and clarify any
Committee member's questions on the test results.

The four modelers selected for this purpose were:

1. Dr. Ranjan Ariathurai
Resource Management Associates
3738 Mt. Diablo Boulevard, Suite 200
Lafayette, California 94549

2. Dr. Howard H. Chang
Department of Civil Engineering
San Diego State University
San Diego, California 92182

3. U.S. Army Corps of Engineers
Hydrologic Engineering Center
609 2nd Street
Davis, California 95616

4. Simons, Li &Associates, Inc•
3555 Stanford Road
Post Office Box 1816
Fort Collins, Colorado 80552
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The report is intended for the use of technical staff members of FEMA.
While the report ~ also be of interest to other professionals in government.
universities. and private consulting firms. it 15 not designed as a document
to be used by the general public or those without preYi~us technical
background in the subject.
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SUflllARY

The primary objective of this investigation was to determine whether
river-bed degradation during flood passage has an effect on flood stage that

should be incorporated into the calculation of flood-zone limits. The

anci11iary question is whether flood-zoning studies should make use of flood­
stagt prediction models which incorporate river-bed mobility and
degradation/a99radation~, instead of utilizing fixed-bed models, which have

been e~loyed heretofore. The study involved application of six flow- and

sediment-routing models for alluvial streams to study reaches of the San

Lorenzo, San Dieguito, and Salt Rivers, for which relatively co~lete input

data were available. The developers of the individual models were

commissioned to perform the numerical simulations using their models.

From the results of the studies, it was concluded that the effect of
river-bed degradation and aggradation on water-surface elevation during flood

passage is IIlJch smaller than the effects of the uncertainties of channel
roughness or flow friction factor, sediment input, and initial channel

geometry. Moreover, the available input data on channel geometry, bed­

material characteristics, etc., generally are inadequate to permit full
utilization of the capabilities of erodible-bed models. Therefore, except in

ca.ses of severely dis!urbed r1v~rs which have __~~er.teJJ.c.~.~_!!X~!'~~JQ~_~l

~~~.rad~_~ i on o!-_a~~~~d..at i on_!h.rQ~g~_ ..roafl.~.i.... _lnt!!r:V.~(lj:t().rJ~~ utili ill.!Pn of
-!rodi b1e-b.!.d m~_~.!!J..s_Jns.tea_d__oL'!j xed-bed..JDOdal$...unnQt_!te_~ju.~~.Lfj_e~.J!Lll 00<1:­

~~surance stu~i.!!. The principal deficiencies of the erodible-bed models are:

a. Unreliable formulation of the sediment-discharge capacity of flows.

b. Inadequate formulation of the variable friction factor of erodible­

bed flows, and, in particular, the dependency of friction factor on

depth and velocity of flow, sediment concentration, and te~erature.

c. Inadequate understanding and formulation of the mechanics of bed
. coarsening and armoring, and their effects on sediment-discharge

capacity, friction factor, and degradation suppression of flows.

xi
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d. Inadequate understanding and formulation of the mechanics of bank
erosion, and, therefore, limited capability to incorporate this
contribution into the sediment input to the flows from bank erosion

and the effects of channel widening.

•
Numerical modelling of riverine processes will become a steadily more reliable
and increasingly powerful tool. The principal limitation on the methodology
likely will continue to be inadequate formulation of the constituent processes
enumerated above. Until these i~rovements are made, rigid-boundary models. "-':'---' _._ ..~- -_.-

should be ut;lized for flood-insurance. studies, and attention should be

directed toward examining the sensitivity of these models to uncertainties and

variations in channel roughness, channel geometry, and channel slope.
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I. INTRODUCTION

The principal objective of the investigation reported herein was to
provide advice and guidance to the Federal Emergency Management Age~cy (FEMA)

concerning the capabilities, limitations, and applicability of available

cOlJ1)uter models for erodible-bed rivers to flood events, with the goal of

impr~ving flood-insurance studies conducted under the National Flood Insurance

Program (NFIP). Descriptions of the COlll11ittee that was convened and the

organizational aspects of the project are presented in the PREFACE. the

early stages of the study, a nationwide canvass of river experts was made by

the COlll11ittee to identify modelers who had developed usable, all uvial-river­

flow models. Although the Committee was aware of the several alluvial-river­

flow models, developed in Europe and elsewhere, such as those of the Danish

Hydraulic Institute in Denmark; Delft Hydraulics Laboratory in the

Netherlands, Sogreah in France; and Hydraulics Research Station of

Wallingford, England, a decision was made to limit the study to models that

had been developed in the USA. This decision was dictated primarily by the

time and budgetary constraints of this study. From among the several modelers

identified, four agreed to participate in the project: Hydrologic Engineering
Center, Corps of Engineers (HEC); Resource Management Associates (RMA); San

Diego State University (SDSU); and Simons, L; & Associates, Inc. (SLA). A

total of sh numerical models was selected by the Committee members: three

from SLA. and one from each of the other organizations. The characteristics

of the models are summarized in Chapter II. Chapter III presents background

on the selection of the three study rivers (the San Lorenzo River (SLR); the

San Dieguito River (SDR); and the Salt River (SR». and describes the

characteristics of the rivers and the input data utilized for each. The

principal numerical results obtained by each modeler are summarized in Chapter

IV. Chapter V describes the limitations of the alluvial-river-flow models.

and the principal conclusions and recommendations arrived at by the Committee

are summarized in Chapter VI.

1
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II. DESCRIPTION OF II)I)ELS EVALUATED

The characteristics of the six numerical lIodels of flow and sediment

transport 1n movable-bed channels evaluated in the present study are

SUlIII\arized in this chapter. The models are HEC2SR, KUWASER, UUWSR, HEC-6,

FLUVIAL-ll, and SEDIMENT-4H. SUlIII\aries of the models' character1stics were

first ~repared' on the basis of the individual modelers' final reports

submitted to the _Committee, and the references cited therein. Each modeler

then was requested .to review the Committee's description of his model. The

modelers' suggestions and corrections have been incorporated into the

following descriptions.

A. HEC2SR (HEC-2 with Sediment Rout1ngt:

1. Developer: Simons, Li &Associates, Inc. (SLA), 1980

2. Previous Applications:

(1) Boulder Creek, Larimer County, Colorado (SLA, 1980)

(2) Salt River, Phoenix, Arizona (SLA, 1980)

(3) Santa Cruz River, Tucson, Arizona (SLA, 1981)

(4) Canada del Oro Wash, Pima County, Arizona (SLA, 1981)
(5) Rillito Creek, Pima County, Arizona (SLA, 1981)

3. Basic Concepts:

The model was developed for simulating watershed sediment yield and the

attendant aggradation and degradation in a river system. HEC2SR uses the HEC­

2 backwater-coq>utati on program developed by Eichert (l976), at the Corps of

Engineers (COE), Hydrologic Engineering Center (HEC), for calculation of

backwater profiles. The following assumptions are incorporated into the HEC-2

program (Eichert, 1981):

(1) Flow is steady and gradually varied.

(2) Flow is one dimensional and hydrostatic pressure prevails at any

point in the channel.

(3) The total energy head is the same for all points in a cross section

(one-dimensional assumption).

3
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(4) Channel slope is small.

Q &Qs =water and sediment discharges in volume units

q = lateral water inflow per unit width
Ab = bed cross-section area
qst = lateral sediment inflow in volume per unit time and length '

>. = porosity of bed sediment
Y1 &Y2 = water-surface elevations at ends of reach
Vl &V2 • mean velocities at ends of reach
al &a2 • velocity-head correction factors for flow at ends of reach

he =energy head loss
L • discharge-weighted reach length
Sf= representative friction slope for reach
C =expansion or contraction loss coefficient
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The following basic equations are eq>loyed:
(1) Flow-continuity equation:

.*. q

(2) Sediment-continuity equation:

aQ .aAb
~ +(1 >.) = qax - ar- ~

(4) Energy head-loss equation:
2 2

_ u2V2 a1V1
he =LS f + cl2"g - 2'9"1

where

•••• (2-1 )

•••• (2-2)

•••• (2-3)

•• ~.(2-4)
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4. Sediment-Transport Function:

The bed-load transport rate, qb 1n volume per unit width, is cOl11>uted

from the Meyer-Peter and Muller formula (Meyer-Peter and Muller, 1948):

•••• (2-5)

•••• (2-6)

The suspended-load transport rate, qs in volume per unit width. 1s given by

the Einstein formula (Einstein, 1950):

qb Gw-1
qs = 11 6 w «V/u*) + 2.5) II + 2.5 12 )

• (l-G)

12.85 ( )1.5qb .. T O- T C
fi Ys

wher. T" 'bed shear stresso
T

C
.. critical shear stress" 0.047 (y s - y)d

s
P .. density of water

y .. specific weight of sediments
y = specific weight of water

ds = median sediment particle size

The combined bed-material transport rates are further corrected for the fine­

sediment concentration using Col by's eq>i rical relationships (Col by. 1957}.

During the sediment-routing phase, armoring effect and bed-material

c~osition changes are considered. In determining the armored layer, a

functional relationship between mean flow velocity and median sediment size.

whi ch determi nes the s1 ze of sediment that will not move, was f1 rst derived

using Shields' criterion. The channel is assumed to be armored when a layer

of nonmoving sediment that is twice as thick as the smallest size of moving
sediment particles is established.

where G .. depth of bed layer divided by sediment diameter

u =shear velocity* .
V .. mean flow velocity

II &12 .. Einstein's integrals

w .. Rouse Number .. particle fall velocity/(0.4u*)
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5. Numerical Scheme:

HEC2SR fi rst runs the HEC-2 program to sol ve (2-3) and (2-4) by the
standard, iterative-step method. The computational procedure is as follows:

(1) Assume a water-surface elevation, Y2' at section 2.
(2) Based on the assumed value of Y2' determine the corresponding total

conveyance and velocity head.
(3) Compute Sf and compute he from (2-4).
(4) Check the equality of (2-3) with the computed value using the

assumed Y2.
(5) Adjust Y2 if the error in step (4) is significant, repeat steps 1

through 5 until the values agree to within 0.01 ft.

After the HEC-2 computation, the bed-material discharge, which considers both
sediment availability and transport capacity, is estimated for each
computational reach. The channel aggradation/degradation corresponding to the
difference between the sediment inflow and outflow is also determined for each
reach. This sediment-volume change is distributed uniformly along the
reach. The change in elevation at each cross-section vertical is determined
by a weighting factor based on flow conveyances in adjacent lateral
subsections. This technique is also used in KUWASER (see Section II-B)

6. Data Requirement:

HEC2SR requires the following input data:
(1) Data on channel geometry in HEC-2 format.
(2) Information on subreaches which are divided according to hydraulic

and sediment-transport characteristics, including number of cross
sections, reach length, number of tributaries, surface and subsurface
sediment-size distributions, and potential armor layer.

(3) Watershed data, including channel-geometry representation and
sediment-size distribution; this can be neglected if the sediment
inflow from the lateral tributaries is neglected and/or the upstream
reach does not connect to the upland watershed area.



(4) Inflow hydrographs and downstream boundary condition (stage
hydrograph if available) throughout the flood.

7. Model limitations and Applicability:

The use of HEC2SR is limited to a reach for which the one-dimensional-
flow.approximation is applicable. The model accounts for neither lateral.....

"- .'
7

d'

'(l) Hydraulic characteristics of flow remain constant for a specified
time interval.

(2) Hydrostatic pressure distribution prevails over any channel section.
(3) Secondary flow is negligible.
(4) Friction loss at a section is the same as that for a uniform fl ow

with the same velocity and hydraulic radius.

3. Basic Concepts:

The model was developed for simulating one-dimensional, spatially-varied,
steady water and sediment flows. The principal assu~tions it el1l>loys are as
follows:

B. KUWASER (Known discharge, Uncoupled, VAter and SEdiment Routing)..:.
1. Developer: Simons, li, and Brown (Colorado State University), 1979
2. Previous Applications:

(l) 'Yazoo River Basin (Simons, li, and Brown, 1979)

channel migration nor secondary currents. The model assumes a uniform
aggradation or degradation pattern along the reach, so that localized scour or
deposition cannot be predicted. lhe model is not suitable for studying long­

1erm ~her-bed changes., because of the high cost of backwater co~utation

using HEC-2. However, HEC2SR offers the option to input sediment inflows
di rectly or internally to generate sediment-l oadi ng data by cons i deri ng the

sediment-transport capaciti,es in ~he upstream main-channel and tributary
reaches. The backwater results obtained using HEC-2 can be directly co~ared

to stage predictions utilized in the conventional flood-insurance studies.
The model also features modular structure, which enables users to modify each
functional component.
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•••• (2-7)

•••• (2-8)

(2) Sediment-continuity equation:

aQ Ab--! + (1 - ).) -. qax at u

~ = q

(3) Flow-energy equation:

8

(5) Channel slope is small.

where
Q &Qs =water and sediment discharges
q • lateral water inflow per unit width
A = bed cross-section area
q:t = lateral sediment inflow
). • porosity of bed material
z =channel bed elevation
D = flow depth
H = total head above datum
a • correction factor for velocity head
V =mean flow velocity
Ht = friction loss • S~x

Htv =losses due to all other factors except friction • Stv~X

4. Sediment-Transport Function:

The sediment discharge per unit width. qs' is expressed by

The following basic equations are employed:
(1) Flow-continuity equation:
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where
V• mean flow velocity

y • flow dept.h

a. b. and c • coefficients detenmined by means of regression analysis

The regression coefficients are detenmined either from field data or by
generating data using the Meyer-Peter and M~l1er fonmula and Einstein's bed­
load function for bed-load and suspended-load discharges. respectively. The
model does not take into account changes in bed-material composition.

5. Numerical Scheme:

KUWASER first solves (2-7) and (2-9) for a spatially-varied. steady flow
by means of the first order Newton-Raphson method. Equations (2-7) and (2-9)
are combined to yield the following expression for the sole unknown. flow
depth at section 2. O2:

•••• (2-11)

where
02 =water discharge at section 2
Kl = conveyance at section 1
z2 = bed elevation at section 2
a1. a2. a3. a4' as' and a6 • regression coefficients determined from field

data

Note that effective depth and width. cross-section area. conveyance. and
velocity-head correction factor are all expressed in tenms of power functions
of the thalweg flow depth. O. Once the backwater calculation is completed.
sediment-transport rates at all cross sections are computed from (2-10). The
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sediment routing is then made by a two-step finite-difference algorithm. The
first step is to cOfl1)ute the change in sediment volume between two cross

sections:

6. Data Requirements:

KUWASER requires the following input data:
(1) Number of cross sections and individual reach lengths.

where
k
1

and k
1
+
1

• conveyances of the incremental areas to the right and

left of the j-th vertical
Yj+l and Yj-l= lateral coordinates of the (j+l)st and (j-l)st

vertical s
Ki • total conveyance of the i-th cross section

•••• (2-14)

•••• (2-13)

•••• (2-12)

cross section to determine the
relate the bed-elevation change
elevation change at the j-th

is to
The

10

new channel geometry. The method used
at a point to the local conveyance.
vertical. AZ j • is computed as follows:

AA
k1 + k1 +1 bi

AZ. =-:;"""rI"'-";;~ -------
J Ki yj+1- Yj-1

Finally. the model distributes AAbi over the

The' second step is determination of the change in cross-section area at each
cross section. The 1I0del assumes that one-quarter of AVi 15 deposited or
eroded in the upstream half of the segment between sections i and i+1. while
three-quarters of ,AV i-1 15 deposited or eroded in the downstream hal f of the
reach between sections 1 and 1-1. Therefore. when QS1 is neglected, (2-8) can

be exp ressed as
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(2) Number of subdivided reaches.
(3) Locations of tributaries.
(4) Cross-section geometries of all sections.
(5) Manning's n at each section.
(6) Upstream and tributary inflow hydrographs and stage data for every

time step.
(77 Sediment-transport coefficients.
(8) Characteristic parameters for each dam, including its discharge

coefficient, width, and height.

7. Model Limitations and Applicability:

The use of KUWASER is limited to subcritical flows. The model does not
predict channel armoring or two-dimensional flow effects. KUWASER cannot
effectively model a river reach with extremely irregular channel grade and
geometry, but has the capability to model the main stem and tributaries in an
entire river system. KUWASER can simulate divided flows associated with bars,
is1ands, or channel breaches. The model fi nds its best app 1icat ion in long­
term degradation/aggradation analysis.

c. UUWSR (Uncoupled, Unsteadyllater and Sedillent Routingt:
1. Developer: Tucci, Chen, and Simons (Colorado State Univeristy), 1979
2. Previous Applications:

(1) Upper Mississippi and Lower Illinois Rivers (Simons, et al., 1975)
(2) Upper Mi ssissippi and lower Chippewa Rivers (Simons & Chen, 1976 &

1977; Simons et al., 1979; Simons &Chen, 1979; Chen &Simons, 1980)
(3) Lower Mississippi River (Simons &Chen, 1978)

3. Basic Concepts:

This model was developed for simulating one-dimensional, gradually­
varied, unsteady, water and sediment flows in complicated river networks. The
principal assumptions included in this model are as follows:

., -----~ __ .. -_ __ ._.- ..~--_.,-------,- - .. -.- ..~'. -~ ~ - - ._,
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(2) Sediment-continuity equation:

•••• (2-15)

•••• (2-17)

•••• (2-16)

!.Q. + a (sOV) + gA !.t = gA(~ _ S + 0 )at ax ax P ~o f t

Q IQs =water and sediment discharges
T -= aA/ay
y = flow depth
A =cross-section area for water
Ad =sediment volume deposited per unit channel length

qt = qs + qw
qs = lateral sediment inflow
qw • lateral water inflow
A • porosity of bed material
V • mean flow velocity
S = momentum correction factor
p • density of water

(3) Flow-momentum equation:

(1) The river channel is sufficiently straight and unifonm that the one­
dimensional flow approximation can be employed.

(2) Hydrostatic pressure prevails at any point 1n the channel. and the
water-surface slope 1s small.

(3) The density of sediment-laden water is constant over the cross
section.

(4) The resistance coefficient for the unsteady flow 1s assumed to be the
same as that for a steady flow.

where

The following basic equations are employed:
(1) Flow-continuity equation:
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So • bed slope
Sf • friction slope
01 • dynamic contribution of lateralinfl ow (\V1/Ag)

To solve these three equations for the three primary unknowns. Q. y. and Ad'
other variables are expressed in terms of Q. y. and Ad.

-.
4. Sediment-Transport Function:

The sediment discharge per unit width. qs' is expressed by

•••• (2-18)

where

v ;: mean flow velocity
y ;: flow depth
a, b, and c;: coefficients determined by means of regression analysis

The regression coefficients are determined either from field data or by
generating data using the Meyer-Peter and Muller formula and Einstein's bed­
load function for bed-load and suspended-load discharges, respectively.
Changes in bed-material composition are not taken into account.

5. Numerical Scheme:

UUW,SR first solves (2-15) and (2-17) by a four-point, iq>licit, finite­
difference scheme (unconditionally stable) assuming a fixed bed. The
resulting flow information is used to compute the sediment-transport capacity
by means of (2-18). Computed sediment discharges then are applied to the
sediment-continuity equation, (2-16), to estimate the change in the cross­
section area. Equation (2-16) is solved using an explicit, finite-difference
approximation. Therefore, UUWSR is an uncoupled, unsteady, water- and
sediment-routing model.
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D. ItEC-6 (Hydrologic Engineering Centert:
1. Developer: William A. Thomas (Hydrologic Engineering Center. Corps of
Engineers). 1977
2. Previous Applications:

(1) Atchafalaya River Basin. Louisiana (Jennings &Land. 1977)
(2) Clearwater River. Idaho (Williams. 1977)
(3) Boise River. Idaho (Thomas &Prasuhn. 1977)
(4) San Lorenzo River (Jones-Tillson &Associates. 1980)
(5) Mississippi River (Nakato &Vadnal. 1981)

-

7. Model Limitations and Applicability:

The use of UUWSR is limited to a modeling reach for which the one­
dimensional flow approximation and steady-state solutions at confluences and
dams are applicable. However. the model can simulate. with minimal computer
cost. a complex river-network system in which islands. branches. meander
loops. and tributaries are connected to the main channel. The model can also
simulate effects of hydraulic structures such as dikes. locks and dams. etc.
The capability of unsteady flow routing of this model enables users to
simulate the flood-wave movement in a long reach.

6. Data Requirements:

UWSR requires the following input data:
(1) Number of cross sections and individual reach lengths.
(2) Number of subreaches.
(3) Locations of tributaries.
(4) . Cross-section geometries of all computational sections (arranged from

upstream to downstream).
(5) Manning's roughness coefficient at each cross section.
(6) Boundary conditions specified by either a discharge hydrograph. or a

stage hydrograph. or a stage-discharge rating curve.
(7) Sediment-transport function.
(8) Characteristic parameters for each dam. including its discharge

coefficient. width. and height.
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(1) Flow-continuity equation:

•••• (2-20)

•••• (2-19)aG + B !1. • 0ax at

(3) Flow-energy equation:

(2) Sediment-continuity equation:

~ =qt •••• (2-18)

(1) Flow is one dimensional and hydrostatic pressure prevails at any

point in the channel.
(2) Manning's n is applicable to gradually-varied flow and is expressed

as a function of either water-surface elevation or water di scharge

(the model incorporates indi rectly the roughness effects of changes

in bed forms).
(3) The entire movable-bed portion of a cross section is scoured or

deposited at the same rate.

(4) Channel slope is small.

(6) Cottonwood Creek (Prasuhn &Sing. 1981)

where

Q • water discharge

The following basic equations are employed .in the model:

3. Basic Concepts:

The model was developed to analyze scour and deposition of IROvable-bed

channels by simulating one-dimensional. steady. gradually-varied water and

sediment flows. The principal assun.,tions ~loyed in the model are as
II!

follows:
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qt • lateral'water inflow per unit width
G • volumetric sediment-transport rate
B • movable-bed width
y • MOvable-bed elevation
h • water-surface elevation
Q • velocity-head correction factor

.' A • cross-section area
H
L

• head loss between sections k-1 and k

4. Sediment-Transport Function:

Five options are aval1able for ~oq>utin9 bed-material transport rates:
Laursen's relationship, as modified by Madden for large rhers (Laursen.
1958); Toffaleti's formula (Toffaleti. 1968); Yang's stream-power formula
(Yang. 1973); DuBoys' formula (Brown. 19S0); and a special relationship
between unit-width sediment-transport capacity and the product of flow depth
and energy slope which is developed for a particular river reach.

Laursen's relationship is expressed by

• ••• (2-21)

where
qs = bed-material transport rate per unit width
q • water discharge per unit width
Pi • fraction by weight of the i-th fraction of the bed sediment with

mean size. dSi
D • flow depth
TO • Laursen's bed-shear stress due to grain roughness

• py2/(58(dSO/D)1/3)
d50 • median sediment size
y • mean flow velocity
T
ci

• critical shear stress for mean particle size. dsi

The second option. the Toffaleti formula. 15 based on Einstein's bed-load
function and various empirical data and is expressed by

- -...-------_.-
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5. Numerical Scheme:

•••• (2-22)

•••• (2-24)

•••• (2-23)

bed-material discharge for the i-th fraction of bed sediment

bed-load discharge for the i-th fraction of the bed sediment

s~spended-load discharge in lower zone

suspended-load discharge in middle zone

suspended-load discharge in upper zone

-(GR - Gl ) S(Yp '- Yp)
0.5 (XL + XRf + .6 t • 0

Yp,. Yp + o~lB (GR- GL)/CXL + XR)

where

qsi •

qsbi •

qssl.i •

qssMi •

qssUi •

or

Detailed procedures for computation of qsb1' qssl1' qssMi' and qssUi are given
by Toffaleti (1966).

HEC-6 first solves the one-dimensional energy and continuity equations.

(2-20) and (2-18), using an iterative, standard step-backwater method. to

obtain basic hydraulic parameters such as depth, width, and slope at each

section which are necessary to compute the sediment-transport capacity.

Friction loss is calculated from Manning's equation with specified n values.
A functional relationship between Manning's n and water discharge or flow

stage can be used if available. Expansion and contraction losses are

calculated using loss coefficients. The potential sediment-transport

capacities at all cross sections are computed next. using one of the five

optional sediment-transport functions. Note that the sediment discharge at

. the upstream boundary must be related to the water discharge by a rating table

for different sediment-size fractions. Computations of sediment-transport

capacity begin at the upstream boundary and move reach by reach to the

downstream boundary. Equation (2-19) is then solved using an explicit,
finite-difference scheme:
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•••• (2-25)

= water discharge per unit width

• sediment particle size

q

d

where

Note that the transport capacity 15 calculated at the beginning of the time

interval. and is not recalculated during that interval. However. the

gradation of the bed material is recalculated during the time interval in
order to account for armoring effects. An equilibrium water depth below which
sediment with a particular grain size becomes innobile is introduced using
Manning's equation. Strickler's equation, and Einstein's bed-load function:

A zone of bed between the bed surface and the equilibrium depth is designated
the active layer. When all material is removed fron the layer, the bed is

considered to be c~letely armored for that particular hydraulic condition.

When a mixture of grairl~.si.zJ~~ts._present. the equi11~r1.um .~~p~h~at~.lJ.l!tions
__________,__ .~,....•.~.-~_. __ ._.._._~"____=,.. ,,"'__._;.,,..-, .' -C>•.-. , ,- - • _ ._,__ •.•.••. ~_., •• -..._ _,,'''_,' __ •• _! •• _.•_._~.,•••.,,,,,,~,,,.",,,,_,,,,,, . . ... __,," ., •••••. ,-"... .' ,''-' .... _... _0 ~"._ ...- ",. ,", .. -._., ..•• __ ~'•. "'_'''''"'''''',

utilize the given gradation curve to relate theq,,~~ti~y of each grain size
.pr~~~nt in tbe bed to the depthof ..scour. The armor layer formed by a
previous discharge 15 tested for stabil ity using Gessler's (1971) stability­
analysis procedure. If Gessler's stability number is less than 0.65, the
armor layer is treated as unstable and the bed-layer size distribution is

computed for the next time step.

GR • volumetric sediment-transport rate at the (k+1)st cross section
GL • volumetric sediment-transport rate at the (k-l)st cross section

Yp ' • movable-bed thickness at the kth cross section at the time
of (j+1)At

Yp • IIIOvable-bed thickness at the kth cross section at the time

• of jAt

XL • reach length between (k-1)st and kth cross sections

XR • reach length between kth and (k+1)st cross sections
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6. Data Requirements:

HEC-6 requires the following input data:

Number of cross sections, individual reach lengths, and tributary
locations.
Geometric data on movable-bed portion of each cross section,
thickness of movable bed, and bridges, and dredging information.

(3) Manning's roughness coefficient at each cross section.
(4) Data on sediment inflow, bed-material gradation, and sediment

properties.
(5) Upstream and lateral inflow hydrographs, downstream boundary

condition (stage-discharge curve or stage hydrograph), and water
temperatures.

HEC-6 is a one-dimensional model with no provision for simulating the
•development of meanders or specifying a lateral distribution of the sediment-

transport rate across the section. The entire movable-bed portions of to!!!
cross sections are assumed to aggrade or degrade uniformly. The mQ9.el-is.-n~-suitable for rapidly-changing flow' conditi2ns. The model can be applied to....... ..
predict reservoir sedimentation, degradation of the stream bed downstream from
a dam, and log-term trends of scour or deposition in a stream channel. The
influence of dredging activity can also be simulated. The model can be run in
the fixed-bed mode, similar to HEC-2, by removing all sediment-data cards.

E. FLUVIAl-II:
1. Developer: Chang and Hill (San Diego State University), 1976
2. Previous Applications:

(1) San Dieguito River (Chang &Hill, 1976)
(2) San Elijo Lagoon entrance channel (Chang &Hill, 1977)
(3) San Diego River (Chang, 1982)

3. Basic Concepts:

FLUVIAL-ll was developed to simulate one-dimensional, unsteady,



•••• (2-27)

•••• (2-26)

- 20

an aA
~+--q=Oax at

(3) Flow-momentum equation:

(2) Sediment-continuity equation:

aA aQ
(1 -A) atc + axs - qs -= 0

(1) Flow-continuity equation:

2
g!H. + Al iJl + Al L (!L..

A
) + gS - iL2 q • 0 •••• (2-28)

ax at ax A

cOfl1>utation.

where
Q &Qs • water and sediment discharges
A • cross-section area of flow
A
c

• channel cross-section area within some reference frame

q • lateral water inflow
q • lateral sediment inflow
s

H • water-surface elevation
S • energy slope
A • porosity of bed material

The following basic equations are employed:

gradually-varied water and sediment flows, as well as width changes, of
erodible channels. The principal assumptions incorporated into this model are

as follows:
(1) Flow is one dimensional. and hydrostatic pressure prevails at any

point in the channel.
(2) . Channel slope is small.
(3) The Manning equation and the sediment-transport fOMllula are

applicable to gradually-varied flow.
(4) Storage effect due to unsteady flow is negligible in the backwater
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•••• (2-30)

•••• (2-29)

where

qT • total-load discharge per unit width
's c specific weight of sediment
, • specific weight of water
u. • shear velocity
p • density of water

where
C= mean volumetric concentration of bed-material sediment
s = ratio of sediment specific weight to water specific weight
s

d = median sediment size
S = energy slope
V c mean flow velocity
R = hydraulic radius

The Engelund-Hansen. formula (1967) was used for the san Lorenzo River to
compute the total-load discharge:

4. Sediment-Transport Eguation:

The following .formula developed by Graf (1968) was used to cClq)ute the
bed-material discharge for the San Dieguito River and the Salt River:

Equations (2-26) and (2-28) are solved for two unknowns, Q and H, by an
iterative method. Note, however, that in this NRC study, a simpler method of
c~uting the water-surface profile, using the energy equation, was utilized
instead of 'solving the unsteady equations, (2-26) and (2-28). A standard step
_thod similar to that incorporated into HEC-2 was utilized in solving the

energy. equatio~.
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Note that a backward-difference scheme was used in x and a forward-difference
scheme was used in t. The quantity AAcobtained fram (2-34) is then corrected
for the following effects:

... '

•••• (2-31)

•••• (2-32)

•••• (2-33)

•••• (2-34)

(1) Adjustment in channel width:
Width adjustments are made in such a way that the spatial variation
in power expenditure per unit channel length (yQS) is reduced along
the channel. The width is adjusted until the value which gives
minimum total stream power (integration of yQS over the reach length)
at each time step is found. To determine the width change at each
section, the actual energy gradient at this section Si 15 coq>ared
with the weighted, average energy gradient Si of its adjacent
sections given by

5. Numerical Scheme:

FLUVIAL-ll first solves the water-continuity equation, (2-26), and
lIomentum equation, (2-28), by an iterative, four-point,i~l1cit, finite­
difference scheme developed by Amein and Chu (1975). The flow information is
next used tocGq>ute the sediment-transport rate fram either (2-29) or (2-.. .
30). The sediment-continuity equation, (2-27), 15 then solved to
obtain AAc in the following way: fram (2-27)

At aQs
AAc = - r:r (ax. - qs)
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(3) Lateral channel migration:
The model solves the sediment-continuity equation in the transverse

direction:

•••• (2-36)

•••• {2-35)

qs tan 8 = transverse sediment-transport rate per unit width
tan-1(llD/r) = angle deviation of transverse flow from the
direction tangent to the centerline of a bend given by

Rozovskii(1957)
mean f1 ow depth
radius of curvature of the bend
bed elevation

=

•

=

=

r

z

D

If S1 is greater than S1- the channel w1dth is reduced so as to
decrease Si- and vice versa. The new channel width 1s determined by
a trial and error technique. Width changes are subject to the•physical constraints of rigid banks or the angle of repose of the

bank material...
(2) Adjustment 1n cross-section profile:

Deposition' at an aggrading section is assumed to start from the
lowest point and to build up the bed in horizontal layers. At a
degrading section_ the change in cross-section area is distributed in
proportion to the local tractive force. These types of adjustment

reduce the spatial variation in power expenditure along the channel.

where
6Yk = transverse distance between points k and k+l

Using a forward-difference scheme in y_ !Zk is obtained from
q' -q'

!t sk+l sk
!Zk =- 1->. !Yk

where
q's
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F. SEDIMENT-4H:
1. Developer: Ranjan Ariathurai (Resource Management Associates), 1977
2. Previous Applications:

(1) The Osage River, Missouri (Ariathurai, 1980)

7. Model Limitations and Applicability

The use of FLUVIAL-II is limited to a modeling reach for which the one­
dimensional flow approximation is applicable. However, the model can predict
changes in erodible channel width, changes in channel~bed profile, and lateral
migration of a channel in bends.

3. Basic Concepts:

The model was developed for simulating two-dimensional, gradually-varied,
unsteady, water and sediment flows. The model utilized in the present study,
however, is a one-dimensional version of SEDIMENT-4H. The principal
assumptions employed in this model are as follows:

.
4

Number of cross sections and individual reach lengths.
Tributary locations.
Flood hydrographs for main and tributary streams.
Downstream boundary conditions.
Cross-section geometries of all computational sections and Manning's
n at each cross section•
Initial bed-material sediment composi~ions for the upstream and
downstream ends. Sediment compositions at intermediate cross
sections are computed using an exponential decay relationship.
Description of channel bends, if any, by their radii of curvature.(7 )

(6 )

(1)
(2)

(3)

(4 )

(5 )

24

6. Data Requirements:

FLUVIAL-II requires the following input data:
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•••• (2-39)

•••• (2-38)

•••• (2-37)

(3) Flow-momentum equation:

(2) Sediment-continuity equation:

(1) Flow-continuity equation:

(1) Flow is one dimensional and hydrostatic pressure prevail s at any
point in the channel.

(2) Similarity of both velocity and suspended-sediment concentration
profiles in a vertical at all locations in the flow field is.assumed.

(3) The resistance coefficient for the unsteady flow is the same as that
for a steady flow.

(~ Channel slope is small.

where
h = water-surface elevation
b = mean channel width
q = inflow rate to a node
s = lateral inflow or outflow rate
C • mass concentration
u
as

= longitudinal component of sediment-particle velocity
Ox • turbulent mass diffusivity in the logitudinal direction
S • source/sink term produced by scour or deposition
-U c mean flow velocity
Se c friction slope

The following basic equations are employed:



The sediment concentration in the sublayer, t
A

, is obtained from the following

relation:

4. Sediment-Transport Function:

SEDIMENT-4H calculates total-load sediment discharge for an idealized,
single, median grain size. The basic concept is similar to E.instein's bed­
load function; however, in SEDIMENT-4H the sediment concentration in the bed
layer is set to a maximum and is assumed to be transported at the local mass­
weighted velocity. The concentration of sediment in the bed layer is assumed
to be dependent on the amount of sediment in suspension, but not to exceed
100 lbs/cu ft.

The Rouse (1937) equation for the vertical distribution
sediment concentration in a fully-developed, turbulent flow is

the depth-averaged sediment· concentration. <C>. and the
distribution is expressed in dimensionless terms by

JIu. .,--~

•••• (2-41)

•••• (2-41)

•••• (2-40)

of suspended.
norma1; zed by

concentration

. 26

·~. 'hiE' "81 to "s" --";$'.' '$ b' it-· .,. gO'

; >. <A

1
I t (>.) ~. 1
o

t (>.) -= t
A

Therefore,

where
>. = y/d
d • flow depth
t(>.) • C(y)/<C>
A = aId (nondimensional sublayer thickness)
a -= reference level where C is given

t • Vs/IeU.
Vs • sediment fall velocity
Ie • von Karman's constant
U. • shear velocity

and
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•••• (2-46)

•••• (2-45)

•••• (2-44)

•••• (2-43)

•••• (2-42)

erosion-rate constant
bed shear stress

proportionality coefficient to relate sediment particle
velocity, Us(y), to the mass-weighted fluid velocity, U(y),

such that Us .. eU(y)

-=

•

II: u/<JJ>
II: local streamwise velocity
I: depth-averaged streamwise velocity

= U*/<U>
I: k Ids
• equivalent roughness height

e(A) ..

•

27,

1
fA • 11 -(A + 1 (A(l/A - 1)/(1 - A»td).

o

,

where
M

and

Empirical formulas for the rate of scour during stream-bed erosion, E, and the
rate of deposition, 0, are expressed by

where

Finally, depth-averaged, sediment-particle velocity, <us>, is expressed as

1
<us> = <JJ> Jet' d).

o

where,

A logarithmic-type vertical velocity distribution in normalized form is
util ized:
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Tce • critical shear stress for erosion

Tcd • critical shear stress for deposition
Cb • sediment concentration in bed layer
Cmax • maximum concentration in bed layer

5. Numerical Scheme:

The Link-Node Hydrodynamic model first solves (2-37) and (2-39), which
yield the. depth-averaged mass-velocity cOlJ1)onent, u

cx
' and flow depth. The

depth-averaged sediment-particle velocity, <Us>, then is calculated from (2­
44). The convective-diffus10n equat10n, (2-38), is next solved using the
finite-element method with isoparametric, quadrilateral elements. Time
marching is effected by a two-point implicit scheme. At each time step, the
model provides the average sediment concentration at every cOlJ1)utational node
point and the cross-section bed profile. Note that (2-45) and (2-46) are used
to determine the source/sink term, S, in (2-38).

6. Data Requirements:

SEDIMENT-4H requires the following input data:

(1) Number of cross sections.
(2) Initial cross-section geometries of all cross sections.
(3) Manning's n at each cross section.
(4) Downstream stage hydrograph.
(5) Bed-material characteri stics: median size, fall velocity,

critical shear stress, maximum permissible concentration in bed
layer, bed-strata data, and1nit1al suspended-sediment
concentration.

(6) Diffusion coefficient in the longitudinal direction.
(7) Upstream sediment boundary condition: suspended-sediment

concentration specified as a function of time.

~ 7. Model limitations and Applicability:

SEDIMENT-4H considers only a single sediment-particle size. Suspended­
sediment particles are assumed to be convected at the local water-flow
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velocities except in the vertical direction, in which the particles are
allowed to settle due to the gravity effect. This assumption becomes invalid

when the sediment is transported primarily in the bed-load mode, in which

velocities of sediment particles and flow are significantly different. The

two-dimensional version of the model is applicable to highly unsteady flow
over a river bed composed of fine sediment in which the transverse velocity

and concentration profiles vary significantly.

_~ ;_~~-_'J••=. .. ""' .. I :P ..-----.. ~._--.c~.·.--- --...-.. _..-.....
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III. DESCRIPTION Of STUDY RIVERS

1. San Lorenzo Ri,er. The San Lorenzo River is located in Santa Cruz County

in northern California, and meets the Pacific Ocean at the northern end of

Monterey Bay in the City of Santa Cruz, as shown in figure 1. SLR

historically has flooded frequently and caused substantial flood damage to the

City of Santa Cruz before the COE's flood-control project, which included a

leveed channel. was cOfl1)leted in 1959. Since cOfl1)letion of the project,

sediment has accumulated in the channel, resulting in a loss of channel

capacity. A photograph of the river supplied by COE, San Francisco District,

taken upstream of the Water Street Bridge looking downstream. is shown i"n

..

31

,i

A. Study Ri 'ers. The study rivers were se1ected on the bas is of the

following three criteria. First. the Federal Emergency Management Agency

(FEMA) requested that rivers be selected which historically have. exp'erienced

flash.flood type events with appreciable river-bed changes and channel

aigratoi·on during floods. Such rivers are found typically in the western

United States. Second. the Committee Members wanted to include two different

types of rivers: those which are characterized by stable. confined channels;

and those which have unstable. disturbed channel s. Thi rd. and most

;""ortantly. it was necessary that adequate input information on the study

rivers be available for testing the different numerical models. The input

data generally had to satisfy the requirements of the individual numerical

lIodels, as set forth in Chapter II. In the search for approprhte study

rivers which satisfy these conditions, ~arious regional FEMA offices were

contacted, including Denton. Texas; Bothell. Washington; San Francisco,

California; and Denver, Colorado. After reviewing the recommended rivers, the

San lorenzo River (SLR), the San Dieguito River (SDR), and the Salt River (SR)

were selected by the Committee. Note that these rivers had been previously

investigated using movable-bed numerical models by Corps of Engineers (COE),

San Diego State University (SDSU), and Simons, L1 & Associates (SlA),

respectively. Among these three rivers, SLR is a channelized, stable, sand­

bed river; SDR is characterized by an unstable. disturbed, sand-bed channel

conditions; and SR is an unstable. gravel-bed river. Other characteristics of

these rivers are as follows:
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STUDY REACH

Wafer
Str••'
Brldg.

SANTA CRUZ

MONTEREY
BAY

Figure 1 Map showing San Lorenzo River study reach
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figure 2. The northern portion of the watershed has steep slopes and unstable

rock structures with high landsl ide susceptibil ity. The southern portion has

relatively low erosion potential, due to dense vegetation cover and stable

granitic so11s. The southeastern part is covered by loose, sandy 50115 with

high erosion potential.

2. san Dfequito River. The San Dieguito River flows through San Diego County

in sout~ern California, and flows through the City of Del Mar into the Pacific

Ocean. The approximately 2-mi long study reach, delineated in figure 3, was

innundated by recent floods, including those of . March 1978 and February

1980. The reach shown in the figure is approximately 4 mi from the Pacific

Ocean and 5 mi below Lake Hodges Dam, which was constructed in 1918. The

drainage area above Lake Hodges is about 300 sq mi. During the 15 March 1978

flood, a peak flow of 4,400 cfs was recorded downstream froin the reservoir.

An estimated peak reservoir outflow of 22,000 cfs, corresponding to a 40-yr

flood, was recorded during the 21 February 1980 flood. The SDR channel has a

wide, flat cross section with highly erodible banks, as can be seen in figure

4, an aerial photograph taken above the Via de Santa Fe Road Bridge during the

21 february 1980 flood. This photograph was supplied by San Diego County

£lood Control Di strict} through Dr. Howard Chang of SDSU. The river channel

had b~isturbed prior to the 1978 and 1980 floods by sand-mining activities

and construction of the Via de Santa Fe Road and its SDR bridge. Several

large borrow pits, with depths up to 25 ft, were produced by sand-mining

operations. Although these borrows were partially refilled after the 1978

flood, major borrow-pit aggradation took place during the 1980 flood. The

channel bed is co"t>osed of primarily sand-range materials.

3. Salt River. The Salt River is located in Maracopa County, Arizona, and

flows from Granite Reef Dam to the confluence with the Gila River. A reach of

the river through the City of Phoenix has drawn the most attention because

recent development within the flood plain has resulted in recurrent damage to

structures and facilities. SR experienced four major floods in three years

between 1978 and 1980 (March 1978, peak flow =99,000 cfs; December 1978, peak

flow = 112,000 cfs; January 1979, peak flow = 73,500 cfs; and February 1980,

peak flow = 185,000 cfs) which produced extensive damage to the Sky Harbor
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2. San Dieguito River. Input data were provided by Dr. Howard Chang of SDSU

and San Diego County, California. Twenty-one detailed cross sections based on

B. SUlllllaries of Input Data. A brief description of the input data
utilized in this study is given in this section. Detailed input data are on

file at the Iowa Institute of Hydraulic Research, The University of Iowa, Iowa

City, Iowa, and are available through the Institute's library.

~~-,_._.----. _. -_. --- - .. -- _.... ---_....._~._~----

Airport facilities as well as to the streets and bridges in the vicinity. In

order to mitigate future flood damage, and to become eligible for federal

assistance to cOOl>ensate for previous flood losses, the City of Phoenix

proposed channel ization of SR from just downstream of the 1-10 Bridge to the

Hohokam Expressway, as shown in figure 5. A photograph of SR taken 'near the

Sky Harbor International Airport and supplied by SLA is shown in figure 6.

The be;1 material is composed primarily of gravel with a median diameter of

about 64 mm. There are many gravel-mining operation~ currently (1982)

underway within the proposed channelization area.

1. San lorenzo River.' Input data used previously by Jones-Tillson &

Associates, et a1. in 1980 were furnished by COE, San Francisco District, in

HEC-6 format. The approximately 4.7-mi long study reach consists of two
different subreaches: the upper half is approximately 2.3 mi long and is
relatively steep; and the lower half, which is approximately 2.4 mi long, has

a much smaller slope. Data on 38 cross sections with subreach length varying

between 150 ft and 770 ft were supp1 ied. Input hydrographs for the February
16-20, 1980 flood, with a peak flow of 12,800 cfs, are shown in figure 7, and

the downstream boundary condition, which reflects tidal effects, is shown in

figure 8. Pre-flood channel cross-section profiles were coded in HEC-6

format. Suspended-sediment discharge rating curves by particle sizes

constructed from United States Geological Survey (USGS) data collected at Big

Trees Gauging Station, hich is 7 mi upstream of the study reach, were

supplied to the modelers. Bed-material composition data were also coded in

HEC-6 format. The median bed-material size in the study reach varied from
0.34 nm at the downstream end to 0.93 mm at the upstream end of the study

reach.
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Figure 7 San Lorenzo River hydrographs
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the 1973 survey by San Diego County for the 1.9-mi long study reach were
supplied in HEC-2 format. Input hydrographs at the upstream boundary,
upstream from the Via de Santa Fe bridge, for the March 1978 and February 1980
floods with peak discharges of 4,400 cfs and 22,000 cfs, ~spectively, are
shown fn figure 9. The locations of the cross sectfons and pre-flood channel

. topography for the lower two-thirds of the study reach are presented in figure- .10. No sediment-transport rating curve was available. Bed-material data were
provided for only Sections 44 and 59; the median bed-material sizes for the
main channel and south overbank area at Sectfon 44 were 0.46 mm and 0.25 mm,
respectively; and those at Section 59 were 0.70 RIll and 0.36 RIll, respectively.

3. Salt River. All input information was provided by SLA. Channel profiles
for 41 designed cross sections were furnished .fn, HEC-2 format. The total
reach length was 4.34 mi, and each reach length varied from 150 ft to 1,100
ft. The projected 100-year-flood hydrograph, with a peak discharge of 176,000
cfs and a flood duration of 10 days, 1s shown in figure 11. The lower and
upper limits of the geometric mean size of bed material were 0.22 mm and 185.0
1IIIl, respectively, and the median diameter for~ all sections was 64.0 11III.

Downstream boundary conditions were given fn two different modes: one
assuming the critical depth at the 1-10 drop structure (see figure 5); and
another wfth the assumed stage-discharge relationship at the 1-10 bridge.
Both conditions are possible, depending on the degradation below the 1-10 drop
structure. Initially, the area is backfilled and the second boundary
condition 1s valid; however, if degradation removes this material, the first,
critical-depth boundary condition is valid. The SR study reach was previously
investigated by Colorado State University (CSU), in 1980, using fixed-bed and
movable-bed physical models and SLAts HEC2SR numerical model (Anderson­
Nichol s, 1980).
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IY. PRESENTATION AND DISCUSSION OF RESULTS

The input data surrmarized in Chapter III were sent to all modelers who

participated in this project. A total of six models, the characteristics of

which are surrmarized in Chapter II, was utilized. The models tested and the

cDq>utat i ona1 modes ut ili zed for each of the three rivers (SLR, SDR, and SR)

are su.f.narized 'in table 1. It should be noted that the simulation of SR using

HEC2SR was already developed in 1980 by SLA; these computational results were

furnished to the Corrmittee by SLA (SLA, 1980). All modelers submitted final

reports describing their efforts and results (SLA, 1982; HEC, 1982; SDSU,

1982; and RMA, 1982), and also furnished computer outputs; these materials are

on file at the Iowa Institute of Hydraulic Research Library. For this study,

only the principal results were extracted from the vast cDq)uter-output

listings, and were compiled in a uniform format to facilitate direct

comparison. Each modeler was sent the surrmar,y tables based on his results to

review for accuracy and correct interpretations. All numerical results

presented in this chapter have been reviewed by the respective modelers. The

figures included in this chapter were prepared on the basis of the reviewed

output summaries. The principal results obtained from each simulation are

summarized in the following sections.

1. san Lorenzo River. The principal results for a peak flow of 12,800 cfs

c~uted usfng HEC2SR (SLA), HEC-6 (HEC), FLUVIAL-ll (SDSU), and SEDIMENT-4H

(RMA) are tabulated in tables 2, 3, 4, and 5, respectively. In tables 4 and

5, the predicted water-surface elevations are shown for both movable-bed and

fixed-bed simulations of FLUVIAL-ll and SEDIMENT-4H. Definitions of the

symbols utilized are given in the individual tables. Thalweg and water-

surface elevations at peak flow computed by the four movable-bed models are

plotted together in figure 12, which also includes available field data on

water-surface elevation between stations 1,150 ft and 10,150 ft (see table

6). The cDq)uted water-surface elevations are seen to agree with the measured

values fairly well for all models over the lower half (roughly) of the study

reach. However, computed elevations are seen to differ among the models over

the upper part of the study reach. FLUVIAL-ll predictions are much higher

than those of the other models; at a river distance of 18,258 ft, for example,

47



48

I.=======.==••••••=.======================_=====================:f
. RIVER , MODEL t TESTED RIVER-BED CONDITIONS r

================================================================ I

SAN LORENZO , HEC2SR (SLA) 'MOVABLE-BED & FIXED-BCD* I
(CALIFORNIA) I KUWASER (SLA) I MOVABLE-BED ONLY

. t UUWSR (SLA) I MOVABLE-DED & FIXED-BED
I UEC-6 (HEC) t MOVABLE-BED & FIXED-BED**
I FLUVIAL-ii (SDSU) t MOVABLE-BED & FIXED-BED*
I SEDIMENT-4H (RMA) I MOVABLE-BED & FIXED-DED

-----------------------------------------------------------------SAN DIEGUITO I
(CALIFORNIA) t

t
t

HEC2SR (SLA) I
UUWSR (SLA) I
FLUVIAL-i1 (SDSU) t
SEDIMENT-411 (RMA) t

MOVABLE-BED & FIXED-BED*
MOVABLE-BED & FIXED-BED
MOVABLE-BED & FIXED-BED*
MOVABLE-BED & FIXED-BED

----------------------------------------------------------------
SALT
(ARIZONA)

I HEC2SR (SLA)***
t HEC-6 (HEC)
t fLUVIAL-ii (SDSU)
I SEDIMENT-4H (RMA)

MOVABLE-BED & FIXED-BED*
MOVABLE-BED & FIXED-BED**
MOVABLE-BED & FIXED-BCD*
MOVABLE-BED & FIXED-DED

===============================================================:

***
***
SLA
HEC
SDSU
RHA

HEC-2 (Fixed-bed ",odel developed at HEC)
tiEC-6 (Fixed-bed ",odel) & HEC-2 (Fixed-bed ",odel)
Results were obtained fro", SLA's previous study in 1980.
Si",ons, Li & Associates, Inc.
Hydrologic Engineering Center
San Diego State University
Re~ource Manage",ent Associates

Table 1 List of models and their computational modes
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Table 2 Principal results computed by HEC2SR for the San Lorenzo River
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, 17•• -1.3 -1.4 -1.3 5.4 282 128.. 7.32316' 221.1. 24417. .47

I' 22•• -I.' -1.6 -1.6 5.9284 128.0 6.6 174•• 18781. 2.521. '.5'
tl 26•• -'.6 -1.2 -1.2 6.2 281 128.0 6.8 11480 18781. 2.521. '.5'
12 28•• -'.4 -1.1 -1.' 6.' 2•• 1280. 9.2 11488 18181. 2.521. '.5'
14 295. -1.3 -1.1 -I.' 6.2 2.9 12880 9.21148' 181811 21521. '.5'
15 3575 '.2 -'.6 -'.5 7.6235 1280. 7.4 1140. 18781. 2.521. '.5'
19 4345 '.6 -'.2 -'.1 8.9 241 128" 6.6 11480 181811 2.521. '.5'
2. 4955 1.4 1.' t.8 9.6237 12800 1.7 8161 145078 15323. '.58
21 536. 1.8 2.3 2.2 1'.4 23812800 7.3 8160 145071 153238 '.58
22 561. 2.' 2.3 2.3 11.3 340 12808 4.6 8161 145071 153231 '.58
25 6095 2.5 2.9 2.8 11.5 267 11.00 5.2 8161 145.7. 15323. '.58
26 6145 3.' 4.1 3.9 fl.9 226 fl0'O 6.8 8161 16872. 16BBB. '.41
21 1325 3.2 4.2 4.' 12.8 263 Ill.. 5.9 8168 16872. 168880 '.41
38 151S 3.4 4.4 4.2 13.1 231 110.0 5.9 8161 160120 1688BO '.41
31 80a8 3.7 4.1 4.6 13.4 235 11010 6.' 816. 160721 168880 '.41
32 8585 4.1 6.2 5.9 13.6 Z29 1100. 6.9 12610 1952802.7890 '.35
3J 9.90 4.4 6.5 6.2 14.1 228 11.0. 6.912610 195288 217898 '.35
34 9595 4.8 6.9 6.6 14.4226 HOOD 1.' 12611195280 2.7890 '.35
35 9935 5..' 7.2 6.9 14.1 223 HOlD 7.1 12611 195288 2.7890 '.35
36 1.148 5.2 5.5 5.4 14.1 172 1100. 7.9 1882. 252730 27075. '.64
J8 1.4.8 5.6 5.9 5.8 14.9 176 11'11 1.1 lS128 252731 278750 '.64
39 1.788 6~4 6.1 6.6 15.4 115 11008 8.5 18028 252738 278751 '.64
4. 1126. 7.2 1.5 7.4 16.' 156 1108. 9.5 18820 25213. 27.750 '.64
4111881 8.2 11.4 11.' 17.' 111 ttl.. 18.1 15911 256148 27285. '.51
42 12305 9.2 11.5 11.' 18.6 178 11000 9.5 f5910 256141 272.50 '.51
43 12645 9.8 12.3 11.8 19.1 153 11080 11.4 15918 25614. 27205D '.51
46 14118 11.' 13.1 12.6 23.1 257 11800 6.1 15910 25614' 212150 '.51
47 153DB 12.8 12.4 12.5 24.3 221 1108. 7.1 2.60. 314530 33513. 1.5'
48 16908 16.5 15.9 16.' 26.5 157 11100 13.22'680 31453. 335130 1.5'
49 18258 21.6 21.1 20.2 32.2204 110'0 8.628600 314538 335130 1.5'
5. 1923824.2 23.4 23.6 35.3 123 11.08 14.228680 31453' 335138 1.5'
51 2157829.838.838.841.1107 11010 14.2 18130 3111BO 319311 '.64
52 215.8 32.8 35.5 35.2 46.1 137 11000 11.8 18138 301181 31931. '.64
53 22968 35.1 35.1 35.1 49.1 145 1100. 8.5 18260 306268 324521 1.25
5424758 41.2 41.2 41.2 53.6 1.811.0. 15.' 1826. 30626. 324520 1.25
&~-=======--=====--=========--=============:==

ID=SECTION I.D. D =VATER DISCHARGE AT PEAr FLOII
X' :.RIVER DISTANCE V • t1EAH VELOCITY AT PEAK AlOll
n=IHITIAl THALWEG El. DB • BED~OAD DISCHARGE AT PEAk FLOW
YF=FINAL THAlWEG El DS = SUS-LOAD DISCHARGE AT PEAK flOW
Y=TtIALWEG El AT PEAK FUJII DT = TOTAl-lOAD DISCHARGE AT PEAk FUJII
H:.U.S. El AT PEAK FUJII 158= ItEDIAN DIAKrTER Of BED
U=TOP IIItTH AT PEAk FLOlI ItATERIAl AT PEAk flOW
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Table 3 Principal results computed by HEC-6 for the San Lorenzo River
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a se w··. t.... ·

r CI••:=-- :.=._.. ::=.. g_===========-_
SAN UIIENZO 110: JEC-6. IS ITIII" YFY HII. V IS.

I 0

n n n n n n as IPS Til Til Tn III
ee- ;1 .:::&:=: :==:41

I • 5 "".6 ....., 1.7 2.7 12811 12.1 1. 466t1 46681'.71
SS8 2 -3.7 -3.7 4.1 284 12811 8.4 213 4112. 4123. '.71

8 U83 -3.4 -3.4 S.' 258 12811 '.5 326 38631 3896. 1.69
, 1711 -t.3 -'.7 -'.6 5.' 28Z 12811 7.748938621 39HI '.66
I' 2211 -1.' -'.8 -'.7 6.4 284 12801 6.9625 3973. 41361 1.52
U 2611 -'.6 -1.7 -'.6 6.728Z 12801 7.' 197 4117. 4137. 1.56
12 28•• -'.4 -1.9 -'.8 6.72'2 128•• 8.51493939' 39S4. '.58
14 295. -1.3 -1.3 -1.1 6.9 212 1280. 8.2 115 37580 371•• ,.6•
IS 3S7S 1.2 -1.9 -1.6 8.424' 123., 6.7 69365•• 3657. .61
12' 4345 '.6 -1.7 -1.5 9.3 243 12801 6.1 92 3.880 3'18' '.65
• 4955 1.4 1.3 1.3 9.824' 12811 7.1 72 1m. 18.6.1.17

21 536. 1.8 I.' 1.7 tI.4 239 12811 6.9 52 1684. 16891 1.1822 5611 2.1 2.' 2.' 11.1 34. 12800 4.5 74 1633. 1640 .23
2S 6.95 2.5 2.6 2.6 11.3267 llDOO 5.2 112 1324. 1335. 1.'8
26 6145 3.' 3.' 3.' 11.7 2Z7 UIO' 6.3 84 12550 1264' 1.21
~ ~ J:~ i~~ i:~ U:: i~ un, IJ lJl u~, Unll:J1
31 .18. 3.7 3.9 3.9 12.8235 11.01 5.9293 923. 952. 1.48
32 858S 4.1 4.3 4.3 13.1 231 11000 6.1 280 9600 988. 1.44
33 "" 4.4 4.6 4.6 13.3 229 11001 6.2 259 9890 1115. 1.43
34 959S 4.8 5.2 5.2 13.6 22S lUll 6.6 244 1022. 1046. 1.38
:IS 9935 5.1 5.4 5.3 13.8 222 11001 6.6 44 9671 972. 1.37
36 1114. 5.2 5.5 5.5 13.5 166 11.0. 9.4 41 1.42. 1.46. 1.73
38 1.48. 5.6 5.7 5.7 14.1 17. 1100. 9.1 46 9488 952. 1.76
39 1.78. 6.4 6.5 6.5 14.7 172 Il,•• 9.1 43 972. 977. 1.75
4. 1126. 7.2 7.1 7.1 15.5 155 11... 9.7 47 994. 998. 1.86
41 1180. 8.2 8.5 8.4 16.7 173 1100. 8.9 43 950. 963. 1.72
42 12305 9.2 9.3 9.3 17.6 176 l1DOO 8.7 42 1.61. 1.658 1.77
43 12645 9.8 9.7 9.7 18.' 151 11000 1'.1 43 11850 1110. 1.86
46 14118 1'.' 1'.31'.221.3227 11000 7.7 33 1.as8 1.8S8 1.66
47 15308 12.8 13.' 13.' 23.1 2.3 11000 8.9 31 1497. 15••• 1.74
49 169.8 16.5 16.8 16.7 27.' 164 11.00 12.3 29 17420 17451 1.76
49 18258 2'.6 2'.9 2'.7 32.1 184 11080 9.8 2320230 20268 1.77
S' 19238 24.223.823.6 34.9 123 11010 14.2 27 2.780 2881. 2.'2
512'57829.829.529.4 41.6 97 1110. 13.4 24 1805. 1807. 1.93
52 21518 32.8 34.6 33.8 44.1 128 11100 11.1 18 18208 1821. 1.4S

.53 22968 35.7 35.9 35.8 47.5 131 H'" 11.3 21 34901 3492. 1.75
54 24758 41.2 41.8 42.1 54.3 112 110.0 14.6 IS 5109. Sill. 1.54
r-==========-.=_ __-:. _--:.-=========--:========
JD=SECTIDH J.I. 0 =VATER DISCHARGE AT PEAX FUIW
X=RIVEI DISTANCE . V =H£AH un.OCITY AT PEAk flOW
YO=INITIAl THALWEG El (T=' II) It =BED-LOAD JIS. AT PEAK FUJII
YF=FIHAL THAlWEG EL (T=102 II) IS =SUS-LOAD DIS. AT PEAK FLOW
Y-=THALWEG El AT PEAK FUlU IT =TOTAI.-LOAD DIS. AT PEAX FUlU
H=U.S. El AT PEAK FUJII D5D=HEDIAH DIAttE:TER (J' BEl
II -=TOP YIDTH AT PEAK FUll MTERIAl AT PEM FUlU
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-==_ ===-===- ===..======-==-=====cc:c==== _
SAN lllOOO lIVER: FlUVIAI.-1t

DX "1FI HHllt. VDIS 11151

" ." " " n " "as f?S Tit Til Til fit
..... &. --==-=--==--=- ----==- -:.::.:-- -=---:,.;. --.:==~
3 • -4.5 -7.5 -9.5 1.3 1.9239 12871 9.' - - 158710 '.89
4 S58 -4.2 -6.2 -7.8 2.' 4.1 239 12871 '.3 - - 168381 •."
• 1183 -4.' -4.7 -6.2 3.' 4.8 232 12B71 9.6 - - 17159. '.98
, 1711 -1.3 -1.6 -1.6 4.' 5.6 274 12871 '.9 - - 16518. 1.'2
I' 2211 -I.' -'.8 -'.8 4.8 6.' 274 12871 9.' - 161160 1.21
II 2611 -'.6 -'.2 -'.2 5.5 6.3 274 12871 '.8 - - 153931 1.19
12 2811 -'.4 -'.5 -2.1 5.7 6.1 2.1 12871 9.1 - 14146. '.89
14 2951 -8.3 -1.6 -8.6 5.5 6.42'6 12871 II.' - - 21514. 1.68
15 3575 '.2 -'.1 -'.1 8.' 8.2237 12871 7.4 - - 141620 1.55
19 4345 8.6 8.3 '.3 9.4 9.6243 12871 6.6 - - 95721 1.18
21 4955 t.4 '.8 '.5 11.1 11.3 245 1287. 6.2 86250 1.81
21.5361 1.8 1.2 1.1 11.4 18.8243 12870 6.3 - - 91381 1.96
22 5611 2.1 2.8 2.5 11.9 11.5 337 12878 5.1 - - 80490 1.21
2S 6195 2.5 2.9 2.9 11.2 11.7265 1.988 5.5 - - 114858 1.31
26 6745 3.' 2.8 2.7 11.7 12.1 227 18988 6.1 - 116368 1.36
21 7325 3.2 3.6 3.2 12.3 12.6247 11908 5.8 - - 11849. '.31
31 7575 3.4 4.' 3.5 12.5 12.8 236 10980 5.8 - - 116500 1.38
31 8181 3.7 5.3 5.2 12.8 13.1 229 1.980 7.1 - - 126680 1.31
32 8585 4.1 5.9 5.8 13.2 13.3 226 11988 7.4 - - 145960 1.34
33 9898 4.4 6.5 6.5 13.6 13.5 224 11980 7.7 - - 164841 1.39
34 9595 4.B 7.1 7.3 14.2 13.8 221 10988 8.1 - - 181.58 1.47
15 9935 5.1 7.5 7.8 14.6 13.9218 1.988 8.4 - - 19272. 8.56
3b 18141 5.2 6.7 6.6 14.7 13.7 169 11981 9.2 - - 198620 1.65
38 1.48. 5.6 6.1 5.7 15.7 14.' 181 18988 7.2 - - 211888 1.91
39 1178. 6.4 6.6 6.116.5 14.6 203 18988 6.9 - - 2'24'0 1.16
41 1126. 7.2 7.1 6.4 17.4 15.4 166 18981 7.t - - 18611. 1.tl
41 11888 8.2 8.3 8.1 18.4 16.8 184 10988 6.8 - - 174578 1.94
42 12385 9.2 9.3 B.6 19.3 17.6 187 1198. 6.6 - 16546. 8.85
43 12645 9.8 9.4 9.2 19.7 17.9 161 18988 7.6 - 198418 1.65
46 14118 11.1 13.9 14.1 23.221.1 263 11988 6.8 - - 152940 1.37
47 15388 12.8 18.1 17.8 26.1 24.1 238 18980 7.4 - - 199120 '.45
48 16908 16.52'.6 21.1 38.8 28.1 221 11988 7.7 - - 256411 1.59

-.49.18258 2'.6 25.926.' 35.4 33.1·~ U9ao 8.1 - - 291170 1.74
58 19238 24.225.623.639.' 31.'tp8 18988 8.4 - - 338321 1.39
51 2857829.829.1 26.6 43.6 42.211' 10980 8.7 - - 3635902.78
522158832.833.733.6 46.4 44.5~,1'988 8.4 -. - 33384D 1.11
53 22968 35.7 39.9 41.2 51.547.5 Of 10988 9.1 - - 348360 1.35
54 24758 41.2 41.2 41.2 57.3 53.9M418980 9.1 - - 367861 3.15
=========--==========================================================
JD=SECTIOH J» D =WATER DISCHARGE AT PEAK flOW
X=RIVER »ISTAHC£ UB -BED-LOAD DIS. AT PEAK flOW
YO=INITIAl THALWEG El IS =SUS-LOAD »15. AT PEAK FLOW
YF=FIHAl THAlWEG EL OT =TOTAl-lOAD DIS. AT PEAK flfJI
Y=THALWEG El AT PEAK flOW D50=KEDIAH SIZE OF BO MTERIAl
H=U.s. a. AT PEAK FUJII AT PEM FLOW
"1=11.5. El AT PEAK FLOW U£C-2)
" =TOP IInTH AT PEAK FLOW
NOTE: 8B , DS WERE NOT COItPUTED IIITH flUVIAl-it

Table 4 Principal results computed by FLUVIAL-II for the San Lorenzo
River
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••Iil 't====--==-.' ::. --
8M LOIEJlZO IIVEI: SElltOT-411

Jil TlYF' IlHi'" II lSI
n' n n n n·n n en FPS Til III

.......-==== =====:=:1: =::=~-:.-- ' 1

I •-4.J -5.3 -5.3 1.9 2.22M 12711 '.3 1581 '.51m -4. -4.5 -4.3 3.3 3.' 261 12714 '1.9 tt71 1.51
I 1183 -3.8 -4.2 -4.' 4.2 4.6 233 121t6 .4 11711.51
, 1711 -2.5 -2.5 -2.5 4.' 5.S 282 12717 6.7 224 '.51
II 2211 -S.3 -1.6 -1.5 5.2 5.5 281 12118 7.3 ..9 1.5'
St 2611 -1.8 -t.2 -t.' 5.6 5.9277 t2719 7.4 86J 1.51
14 21S1 -'.3 -1.5 -1.1 6.1 6.52'6 1271. 9.1 1831 1.51
15 3J75 '.2 -'.4 -'.2 7.3 7.8221 12711 '.2 1611 1.51
19 4145 '.6 '.4 '.5 8.9 9.3 238 12712 7.1 8JJ 1.5'
2. 475S t.2 t.t t.2 9.9 1'.1 241 12713 6.8 417 1.5'
2t 516. 1.7 1.5 1.6 1'.4 1'.7 242 12113 6.6 190 '.51
22 5411 1.9 1.9 1.9 11.7 11.9 3J7 12714 4.6 11 '.51
2S 589S 2.3 2.3 2.3 11.' 11.2 21. 11895 5.1 24 '.51

il
2' 6545 2.8 2.8 2.8 11.6 U.8 226 11895 6.2 93 '.51

7125 3.1 3.1 3.1 11.9 12.' Z3S 11896 5.9 29 1.51
8 737S 3.3 3.3 3.311.9 S2.t 233 11896 6.1 2S 1.5'

31 7880 3.6 3.6 3.6 12.2 12.3 231 11897 6.2 30 '.51
32 838S 4.' 4.' 4.' 12.5 12.6 229 11897 6.3 26 1.5'
33 8898 4.4 4.4 4.4 t2.8 12.9228 11898 6.4 241.51
34 9395 4.8 4.8 4.8 13.1 t3.2 224 11898 6.6 21 1.51
35 9135 5.' 5.' 5.' 13.4 13.4 222 11899 6.6 14 '.51
36 9948 5.2 5.1 5.1 13.6 13.1 169 1.899 8.6 79 1.51
38 112.. 5.6 5.5 5.6 14.2 14.2 176 11899 8.5 99 1.51
39 1.588 6.1 6.1 6.1 14.9 14.9 173 11899 8.5 91 1.5'
4. 1116. 7.' 6.9 7.1 15.8 15.8 IS? 11899 9.2 144 '.51
41 11601 8.1 8.1 8.1 16.8 16.8 168 11899 8.6 96 1.5'
42 121.5 9.1 8.9 9.1 17.817.9 144 1.899 1'.1 179 '.5'
43 12445 9.7 9.1 9.7 19.1 19.2 158 11918 8.6 140 '.5'
46 13918 1'.7 1'.7 1'.721.221.2222 189•• 7.9 113 '.5'
4' 1511S 13.1 13.' 13.' 23.823.8 198 109" 8.2 51 I.sa
48 16708 16.6 16.6 16.621.121.' 201 1198. 8.7 '3 '.5'
49 18058 21.6 2'.6 21.6 31.531.5182 1.98. 9.9 135 1.51
51 19838 24.7 24.7 24.7 37.237.2 139 119" 11.3 193 1.51
St 2'378 29.1 29.1 29.1 41.641.6 114 1190' 11.4 54 1.5'
52 21308 32.7 32.7 32.7 44.' 44.' 131 1091. 9.8 261.51
53 22768 36.3 36.3 36.3 47.1 47.1 131 11901 I'.' 37 1.51\
54 24SS8 41.2 41.1 4'.1 54.5 54.6 183 10988 2.9 35. .5
s:.:..:.:::=----=:== _ ----=============••.: .
ID=SECTIOH II • -TOP WIDTH AT PEAr FUJII
X:.IIVER DISTANCE
ytIl:IMITIM. lMAlUEG B. I =YATER DISCHARGE AT PEAl
YFII:FINAl THAlWEG B. FLOW
, =THAlWEG n AT PEM FLOII V =MEAN VElOCITY AT PEM FUJII
NaV.S. B. AT PEAK FLOIf IT -TOTAl-lDAD DISCHARGE AT
HI=If.S. n AT PEAK FLOII PEAK FUJII

totlPUTO USING FIXED-BED DSI=IEDIAH DIAltETER IF BEl
FlOOD-ROUTING IIODEL MATERIAL AT PEAl FLOII

Table 5 Principal results computed by SEDlMENT-4H for the San Lorenzo
River

•
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Figure 12 Comparison of thalweg and water-surface profiles at peak flow computed using the HEC2SR,
HEC-6, FLUVIAL-11, and SEDIMENT-4H movable-bed models for the San Lorenzo River



THESE VALUES WERE RECORDJ:::D AT 0 A.M.~ 19 FEBRU~RY 1980 DURING
THE FLOOD-rtAIC DISCW~tIRGE or 12~DOO CFS

DATA SOURCE: .WATER SURFACE ELEVATION PLOTS·---SAN LORENZO
RIVER STUDY. STAGE II. FIELD AND SIMULATION
STUDIES~ FINAL REPORT· PREPARED BY JONES··TILLSON
& ASSOCIATES, WATER RESOURCES ENGINCERS~ H.
ESMAILI & ASSOCIATES~ SEPTEMBER 1980.
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.**SAN LORENZO RIVER***

••e •••••••_=·············
GAGE RIVER OBSERVED

#
NO DISTANCE W.s. £L

rT FT
_==============_==-===c.-

2 11!i0 5.0
3 1950 4.9
4 3010 7.6
5 3650 0.3
6 39!i0 0.3
1 4950 11;2

a 6400 11.0
9 '1250 12.9

10 V300 13.!i
11 101S0 13.5

.====-==============::=::

NOTE:

Table 6 Water-surface elevations observ.ed during 19 February 1980
flood for the San Lorenzo River

•
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the deviation amounts ~o over 3 ft 1n the water-surface elevation (see tables

2 through 5). Predictions of thalweg elevations also differ quite widely

along the upper portion of the study reach. as seen 1n figure 12. Table 7

lists the water-surface and thalweg elevations at a peak flow of 12.800 cfs

c~uted by SLA using three different movable-bed models (HEC2SR. KUWASER. and

UUWSR). The results are depicted in figure 13. Among these three models.
HEC2SR 1s seen to predict greater water-surface elevations for the lower. .
reach, ind small er values for the upper reach. At a river distance of 19.238

ft, the prediction gap between HEC2SR and UUWSR 1s 3.6 ft (see table 7).

Table 8 summarizes the water-surface elevations predicted by HEC using

the HEC-6 movable-bed model, HEC-6 fixed-bed model, and HEC-2 fixed-bed

model. As seen in the table, there are no significant differences among these

three models. According to the HEC report, the computed water-surface

profiles rarely differed by more than 0.5 ft at any cross section, although

thalweg-elevation changes of more than a foot occurred at some cross sections

during the simulations. The report also stated that local scour or deposition

does not translate directly into water-surface changes at a cross section

because sediment movement is often limited to only a portion of the channel by

specifying movable-bed limits. Figure 14 shows the water-surface elevations

predicted by SDSU using the FLUVIAL-II movable-bed model (comparison of Hand

HI given in table 4). FLUVIAL-ll is seen to predict much smaller water­

surface elevations 1n the upper reach than the HEC-2 fixed-bed model

simulation.. SEDIMENT-4H movable-bed model predicts a water-surface profile

that is almost identical to that yielded by SEDIMENT-4H fixed-bed model, as

seen in figure 15 (comparison of H and HI in table 5).

The final post-flood thalweg profi.le predicted by HEC2SR is shown in

figure 16, together with the initial thalweg profile (YF and YO in table 2).'

The largest thalweg deposition, 3.1 ft, was predicted to occur at a river

dis~ance of 14,118 ft. As stated earlier, HEC-6 did not predict significant

changes in thalweg elevation. As can be seen in table 4 (YO and YF), FLUVIAL­

11 predicted significant changes in thalweg elevation; as much as 5.3 ft of

deposition was computed at river distance of 15,308 ft and 18,258 ft. On the

other hand, SEDIMENT-4H predicted practically no change (see YO and YF 1n

table 5). Typical longitudinal mean flow-velocity distributions at peak flow
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_-=========---::. II::: Z: =========_.
SAN LORENZO .IUD: 1£C2SR1 IUWASD. l IUISR

D I YI n lit YlF '2 H2 Y2f n 113 Y3F
nnnnnnnnnnn

L _._--::::-':'-=====-======:-:====i==:1::,===_aa-a
3 ......5 .....7 1.6 -4.7 .....5 1.2 .....5 .....5 1.2 5
4 sse -4.2 -4.3 4.1 .....4 -6.1 4.6 -6.1 -4.12.1 4
8 1183 -4.' .....1 4.8 -4.2 .... ;4 4.7 -3.7 .....43.7 -4.2
, 1711 -1.3 -1.3 5.4 -t.4 -t.7 5.6 -t.7 -t.3 4.5 -t.8

11 22•• -1.1 -1.6 5.'-1.6 -'.6 5.8 -I.' -1.3 5.t -2.'
11 2611 -1.6 -1.2 6.2 -1.2 '.2 6.3 -1.2 -1.3 5.5 -2.'
12 28.1 -1.4 -1.1 6.' -1.1 -1.' 6.3 -2.5 -2.5 5.7 -3.'
Umt -IJ :\:\ ~:i :1:1 :1:1 ~:l :t! =i:t 1-., =I:J
19 4345 '.6 -1.1 '.9 -'.2 '.2 '.5 -'.5 -1.7 1.5 -2.1
21 4955 1.4 1.8 9.6 1.9 1.1 9.5 -'.3 -1.1 8.3 -1.4
2t 5361 1.8 2.2 1'.4 2.3 1.1 11.2 1.4 -1.1 8.8 1.6
22 5611 2.1 2.3 U.3 2.3 2.4 11.6 2.9 2.1 9.1 2.1
2S 6195 2.5 2.8 11.5 2.9 2.9 1'.8 2.7 3.' '.7 2.5
26 6145 3.1 3.9 11.9 4.1 2.6 11.4 3.9 2.3 11.5 2.7
27 732S 3.2 4.'12.8 4.2 3.811.9 5.' 3.6 11.3 4.'
31 757S 3.4 4.2 13.1 4.4 5.2 12.2 5.4 4.1 11.6 4.6
31 8188 3.7 4.6 13.4 4.7 6.1 12.6 6.6 4.9 12.1 5.4

. 32 8585 4.1 5.9 13.6 6.2 1.1 13.1 1.6 5.5 12.6 6.1
3J 9191 4.4 6.2 14.' 6.5 8.1 13.6 '7.7 6.4 13.1 6.7
34 9595 4.8 6.6 14.4 6.9 8.1 14.8 8.5 7.' 13.6 7.1
35 9935 5.' 6.9 14.7 7.2 9.1 15.7 9.2 7.6 14.' 7.5
36 1.141 5.2 5.4 14.7 5.5 6.5 15.9 7.4 6.4 14.3 7.1
38 11481 5.6 5.8 14.9 5.9 6.6 16.1 7.5 7.' 14.7 7.4
39 11781 6.4 6.6 15.4 6.7 8.7 16.5 8.2 7.7 15.S '.1
40 1126. 7.2 7.4 16.' 7.5 8.2 17.1 9.1 8.2 16.4 8.8
41 11881 8.2 II.' 11.1 11.4 9.6 18.1 11.1 II.' 17.5 I'.'
42 12315 9.2 11.. 18.6 U.S 9.918.8 11.111.9 18.5\1..
43 12645 9.8 11.8 19.1 12.3 11.8 19.3 11.5 11.9 19.2 1.4
46 14118 11.1 12.6 23.1 13.1 13.1 21.5 13.3 13.3 22.1 13.9
4715308 12.8 12.524.3 12.4 14.9 23.3 16.2 16.724.917.6
48 16918 16.5 16.' 26.5 15.9 17.228.6 16.6 19.729.921.9
49 182SB 21.6 21.2 32.2 21.1 24.1 34.624.' 27.8 35.3 27.5se 19238 24.2 23.635.323.427.437.1 27.627.938.93'.3
51 2157829.8 31.8 41.1 31.8 31.8 42.5 33.' 32.2 42.833.8
52 21518 32.8 35.2 46.1 35.5 34.' 44.1 34.4 36.1 45.836.1
53 22968 35.7 35.749.1 35.141.2 51.9 4'.5 41.7 SO., 41.1
54 24758 41.2 41.253.6 41.241.253.6 41.2 41.2 54.5 41.2
==========--=====_-:-.:---~--===============
JI I. SECTION I.,.
X • lIVER DISTANCE
YO 1Ii INITIAl THALWEG El
Y1 1Ii THALIEG El AT PEAX FUI: U£C2SR)
HI =11.5. EL AT PEAK nlll: UEC2SR)
YlF= FINAl. THAlWEG EL: (HEC2SR)
Y2 • THALWEG El AT PEAK nlll: ClUWASER)
H2 I: 11.5. El AT PEAX FLOW: (KUIIAS(R)
Y2f= FINAl. THALWEG El: ClUWASER)
Y3 = THALIEG EL AT PEAK nlll, (Wl/SR)
H3 =U.S. EL AT PEAK FLIII: (WISt)
W= FINAl THAlWEG El: (UUWSR)
1I0TE: 'EAK-FLOW DISCHARGE • 12)811 CFS

Comparison of thalweg and water-surface elevations computed
by SLA using HEC2SR, KUWASER, and UUWSR for the San Lorenzo
River
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Figure13 Comparison of thalweg and water-surface profiles at peak flow computed using the three
SLA mov~ble-bed models for the San Lorenzo River
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FT CFSFTFTFT

ID=SECTION I.D.
X -RIVER DISTANCE
Hl=W.S. EL DY HCC-6 (MOVABLE &CD)
H2-W.S. EL BY IfEC-6 (FIXED ICED)
H3=W.S. EL DY HEC-2 (FIXED BCD)
D -PEAK FLOW WATER DISCHARGE

SAN LORENZO RIVER I HEC-6
ID X Hi H2 H3 D

3 ~ 0 1.61 1.61 1.66 1280.
4 558 4.14 4.11 4.01 12800

. 8 1183 4.91 4.88 4.82 12000
9 1100 5.90 5.51 5.41 12800

10 2200 6.41 5.94 5.90 12900
11 2600 6.69 6.20 6.17 12800
12 2900 6.61 6.14 6.11 12800
14 2950 6.92 6.34 6.31 12800
15 3575 8.36 8.11 B.17 12800
19 4345 9.26 9.76 9.52 12800
20 4955 9.BO 10.41 10.23 12000
21 5360 10.37 10.81 10.72 12800
22 5610 11.11 11.52 11.41 12900
25 6095 11.31 11.68 11.62 11000
26 6145 11.14 12.04 11.98 11000
27 7325 12.39 12.62 12.58 11000
30 7515 12.60 12.92 12.71 11000
31 8080 12.82 13.02 13.05 11000
32 8585 13.05 13.21 13.25 11000
33 9090 13.32 13.45 13.49 11000
34 9595 13.51 13.69 13.72 11000
35 9935 13.19 13.86 13.89 11000
36 10140 13.51 13.60 13.63 11000
38 10400 14.05 14.00 13.96 11000
37 10180 14.72 14.62 14.60 11000
40 11260 15.49 15.39 15.31 11000
41 11800 16.72 16.79 16.90 11000
42 12305 11.62 17.54 17.54 11000
43 12645 17.95 11.94 11.96 11000
46 14119 21.26 21.29 21.31 11000
47 15308 23.09 22.94 22.94 11000
48 1690B 21.02 26.84 26.85 11000
47 19258 32.14 32.00 32.01 11000
50 19230 34.94 35.50 35.36 11000
51 20519 40.64 41.13 41.25 11000
52 21500 44.13 44.44 44.47 11000
53 22968 41.46 46.94 46.93 11000
54 24159 54.26 53.13 53.64 11000

Table 8 Comparison of water-surface elevations computed by the HEC-6
movable-bed and fixed-bed models and HEC-2 for the San Lorenzo
8iver
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Figure 14 Comparison of thalweg and water-surface profiles computed by SOSU using HEC-2 and
FLUVIAL-II for the San Lorenzo River
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Figure 15 Comparison of tbalweg and water-surface profiles at peak flow computed by RMA using
theSEDlMENT-4H movable-bed and fixed-bed models for the San Lorenzo River
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In order to demonstrate model prediction of thalweg and water-surface
elevations during both rising and falling stages of the ~drograph. numerical
values predicted by HEC2SR. HEC-6. FLUVIAL-11. and SEDIMENT-4H are summarized
in tabl es 11. 12. 13. and 14. respectively. Di rect comparisons of these
results are not possible because time-discretization intervals of the
hydrograph differed from model to model. resulting in the modelers' computer

·outputs being pr~ared for different water discharges. However. approximate
comparisons can be made. For exa""le. thalweg and water-surface elevations
predicted by FLUVIAL-11 and SEDIMENT-4H during the rising stage can be
compared because water discharges of 7.690 cfs and 7.960 cfs used by the two

. models. respectively. are nearly equal. As seen in tables 13 and 14 (YR and
HR). their predictions of the thalweg elevation differed considerably.

are shown in figure 17 for HEC-6 and FLUVIAL-II; mean velocities predicted by
HEC-6 are seen to be much higher than those of FLUVIAL-lIin the upper part of
the study reach. Mean velocities predicted by HEC2SR and SEDIMENT-4H are
closer to those computed by HEC-6. as can be seen in tables 2.3. and 5.

The total-load discharges at peak flow and the post-flood median bed­
material sizes that were predicted by HEC2SR. HEC-6. FLUVIAL-11. and SEDIMENT-

• 4H are 'sunmarized in table 9. Longitudinal distributions of the total-load·
discharge cOfllluted by these four models are plotted in figure 18. HEC2SR
predictions are seen to be very high compared with those of HEC-6. in spite of
the fact that both models predicted very similar mean velocities. as mentioned
earlier. SEDIENT-4H predicted extremely low total-load sediment-transport
rates. as is shown in table 9 (its predicted total-load discharges are too
small to plot visibly in figure 18). Total-load discharges and mean flow
velocities computed by the three SLA models (HEC2SR. KUWASER. and UUWSR) are
tabulated in table 10 and plotted in figure 19. Although KUWASER and UUWSR
used the same sediment-transport function. as mentioned in Chapter II. their
predictions are seen to differ substantially because their predicted mean­
flow-velocity predictions were quite different. Post-flood median bed­
material sizes predicted by HEC2SR. HEC-6. FLUVIAL-ll are plotted in figure
20. together with the pre-flood values (see table 9 also). Note that
SEDIMENT-4H does not account for sediment sorting processes. HEC-6 predicted
significant coarsening of the river-bed material over the entire study reach.
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and FLUVIAL-II movable-bed models for the San Lorenzo River
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D50r

Mt1

1580 0.50
1010 0.50
1110 0.50

224 0.50
849 0.50
063 0.50

1030 0.50
1830 0.50
ib~.O 0.50

933 0.50
417 0.50
190 0.50

11 0.50
240.50
93 0.50
29 0.50
25 0.50
30 0.50
26 0.50
24 0.50
20 0.50
14 0.50
79 0.50
99 0.50
91 0.50

144 0.50
96 0.50

119 0.50
2.40 O. SO
113 0.50
51 0.50
93 0.50

135 0.50
190 0.50
54 0.50
26 0.50
37 0.50

350 0.50

DSOFI (;)T,
"t1 , TID

GaT D50F! GaT,
TID "" 'TID

D50F'
!

"" ,
D50I' GaT,

"M , 'TID

X

FT

ID

64

SAN LORENZO' , , '(SEDIt1ENT-
RIVER '(MEC-b) !(FLUVIAL-ii)' (HCC2SR) , 4H)

3 0 0.34 46670 0.71 158700 0.57 244110 0.41
4 55B 0.34 41230 0.10 1683BO 0.59 244170 0.41

.8 1183 0.34 38960 0.69 110590 0.65 244110 0.41
9 1100 0.34 39110 0.69 165180 0.11 244110 0.47

10 2200 0.21 40360 0.54 160160 1.13 205210 0.50
11 2600 0.27 41370 0.50 153930 1.25 205210 0.50
12 2800 0.27 39540 0.59 141460 1.31 205210 0.50
14 2950 0.27 37'00 0.65 215140 1.15 205210 0.50
is 357S 0.27 3b5?0 O.b? t4tb20 i.29 205210 0.50
19 . 4345 0.21 30180 0.72 95120 0.50 205210 0.50
20 4955 0.53 18060 1.14 86250 0.39 153230 0.53
21 5360 0.53 16890 1.31 91380 0.37 153230 0.53
22 5610 0.53 16400 1.05 80490 0.35 153230 0.53
25 6065 0.53 13350 1.10 104050 0.37 153230 0.53
26 674S 0.53 12640 1.16 116360 0.39 168000 0.31
27 7325 0.53 11130 1.21 118490 0.32 1688BO 0.37
30 151S 0.53 10700 1.06 116500 0.35 168000 0.37
31 8080 0.93 9520 0.93 126680 0.42 168B30 0.31
32 e505 0.93 9080 1.06 145960 0.46 207890 0.34
33 9090 0.93 10150 1.24 164040 0.51 207090 0.34
34 9595 0.93 10460 1.15 101050 0.56 207890 0.34
35 9935 0.93 9720 0.90 192120 0.55 201890 0.34
36 10140 0.93 10460 1.6B 198620 0.41 270750 0.58
38 10400 0.93 9520 1.75 2110BO 0.40 270150 0.58
39 10700 0.93 9770 1.72 202400 0.44 270150 0.58
40 11260 0.93 9980 1.83 186100 0.51 270750 0.58
41 11800 0.93 9620 1.66 174510 0.46 272050 0.50
42 12305 0.93 10650 1.75 165460 0.53 272050 0.50
43 12645 0.93 11090 1.04 198410 0.59 272050 0.50
46 14118 0.93 108BO 1.55 152940 0.51 272050 0.50
47 ~5300 0.93 15000 1.68 199120 0.50 335130 1.62
48 16908 0.93 17450 1.11 256410 0.61 335130 1.62
49 18250 0.93 20260 1.64 291010 1.03 335130 1.62
SO 19239 0.93 20810 1.93 338320 0.B3 335130 1.62
51 20510 0.93 18070 1.93 363590 1.19 319310 0.64 .
52 21508 0.93 19210 0.98 333B40 1.53 319310 0.64
53 22960 0.93 34920 1.00 348360 2.31 324520 1.25
54 24758 0.93 51110 1.68 367B60 3.15 324520 1.25

ID • SECTION I.D.
X • RIVER DISTANCE
D~OI = INITIAL MCDIAN SIZE or DED MATERIAL (PRE-FLOOD)
D50F • FINAL MEDIAN SIZE or BED MATERIAL (POST-FLOOD)
QT • TOTAL-LOAD DISCHARGE AT rCAK-FLOW DISCHARGE or

i2~BOO CFS .
Table 9 Comparison of total-load discharges computed by HEC2SR, HEC-6.

FLUVIAL-II, and SEDlMENT-4H for the San Lorenzo River
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Figure 18 Total-load discharges at peak flow computed using HEe2SR, HEC-6, and FLUVIAL-II for the
San ~orenzo River
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13.2
9.2
9.1
S.7
1.5
7.4
7.7
1.5
1.0
6.4
1.1
6.7
6.0
6.4
6.7
6.9
lL9
1.2
7.6
1.9
0.2
0.4
9.3
9.4
9.4
9.6
9.6
9.1
9.9
9.4
9.1

10.2
10.1
2.1.9
1~.1

12.4
12.3
13.1

(UUWSR)

1281340
321010
304990
285810
255480
243420
234260
226080
104530
125610

81100
69250
51940
54460
59430
60410
68370
16190
94430

110410
134960
143090
151110
159140
166600
110190
114060
103110
188660
106120
226690
269100
259530
441080
429180
420910
459860
491220

13.5
6.6
8.5
6.1
7.8
1.3
9.9
8.S
1.4
1.2
6.6
6.1
5. t
5.1
5.5
6.0
6.9
1.S
1.1
9.9
9.9
7.7
7.S
7.6
1.8
8.0
9.4
C.b
9.1
7.9

10.9
10.l.
0.2

13.1
10.?
15.1
9.0

14.5

THREE SLA "ODEtS

66

11.9 555200
8.1 60420
1.9 151130
7.3 70150
6.6 114940
6.9 00220
9.2 158590
9.2 2.34010
1.4 84120
6.6 73440
'1.1 50500
7.3 41210
4.6 25120
5.2 :H610
6.0 25400
5.9 30320
5.9 66830
6.0 90650
6.9 113520
6.9 300240
1.0 189300
7.1 2.02510
1.9 159160
8.1 164450
8.5 119380
9.5 279530

10.'1 252600
9.5 272380

11.4 222590
6.7 204450
'1.1 310890

13.2 268030
8.6 292460

14.2 527710
14.2 566560
10.8 130640
8.5 306820

15.0 603280

<HEC2SR) ! (KUWASER)

SAN

RIVER
~-------,--------~--,-----------~,-~---------
I D X f' Dr v, DT V, OT V, , ,

FT' TID FPS' TID FPS' TID FPS

LORENZO ,--------------.--------.-----------~--

3 0 244170
4 558 244170
B 1193 244170
9 1700 244110

10 2200 205210
11 2600 205210
12 2800 205210
14 2950 205210
15 3515 205210
19 4345 205210
20 4955 153230
21 5360 153230
22 5610 153230
2S 6095 153230
26 6145 168800
21 7325 160BOO
30 7515 160800
31 8000 168000
32 8585 201890
33 9090 201090
34 9595 201990
3S 9935 201090
36 10140 210150
3B 10400 210150
3? 10780 210150
40 11260 210150
41 11800 212050
42 12305 212050
43 12645 212050
46 14110 212050
41 1530B 335130
48 1690B 335130
4? 18258 335130
SO 19238 335130
51 20519 319310
52 21500 319310
53 22969 324520
54 24158 324520

ID • seCTfON I.D.
X • RIVER DISTANCE
QT • TOTAL--LOAD DISCHARGE AT PEAK FLOW
V c MEAN FLOW VELOCITY AT PEAK FLOW
NOTE: PEAK --FLOW DI SCIIARGE- i 2,900 CFS

Comparison of total-load discharges and mean flow velocities
canputed by SLA using HEC2SR.KUWASER. and UUWSR for the San
Lorenzo River
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Figure 19 Total-load discharges at peak flow computed by SLA using the three 8LA models for the
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SAN LORENZO RIVER: HEC2SR
ID X YR HR YFA HFA
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3 ~ 0 -4.4 2.3 -4.6 3.4
4 5SO -4.1 2.8 -4.3 3.7
8 11B3 -3.7 3.3 -4.1 4.1
9 1700 -1.2 3.7 -1.3 4.4

10 2200 -1.4 4.2 -1.6 4.8
• 11 2600 -1.0 4.4 -1.2 5.0

12 2000 -0.9 4.4 -1.1 4.9
14 2950 -0.0 4.5 -1.1 5.1
15 3575 -0.3 '5.6 -0.6 6.1
19 4345 0.1 6.8 -0.1 7.2
20 4955 1.7 7.4 1.9 7.9
21 5360 2.1 8.1 2.3 8.7
22 5610 2.2 8.7 2.3 9.4
25 ·609S 2.8 9.0 2.9 9.7
26 6745 3.7 9.4 4.0 10.2
27 732S 3.9 10.2 4.1 11.1
30 7575 4.0 10.4 4.3 11.4
31 8090 4.4 10.8 4.6 11.7
32 9585 5.S 11.0 6.0 11.9
33 9090 S.S 11.4 6.3 12.5
34 9595 6.3 11.8 6.8 12.9
35 9935 6.5 12.0 7.0 13.2
36 10140 5.4 12.1 5.4 13.3
30 10400 S.B 12.3 S.B 13.5
39 107BO 6.6 12.8 6.6 13.9
40 11260 7.4 13.5 7.4 14.5
41 11900 9.3 14.6 10.2 15.4
42 12305 10.0 16.2 11.2 17.4
43 12645 11.5 16.8 12.0 17.9
46 14110 12.4 20.3 12.0 21.6
47 15300 12.5 21.6 12.5 22.9
40 16900 16.1 24.2 16.0 25.0
49 18250 20.2 29.7 20.1 30.6
50 19230 23.7 32.6 23.S 33.5
51 20578 30.9 39.4 30.8 40.3
52 21500 35.2 43.0 35.3 44.1
53 22969 35.7 46.1 35.7 47.2
54 24750 41.2 50.5 41.2 51.7

ID =seCTION I.D.
X =RIVER DISTANCE
VR =THALWeG EL AT g=7~2~0 CFS (RI9ING STAGE)
IIR =W.S. EL AT g=7~2S0 CFS (RISING STAGE)
VrA=THALWrG EL AT Q=C.S70 CFS (FALLING STAGE)
HFA=W.S. EL AT g=B .• S70 CFS (FAL.LING STAGE)

Table 11 Thalweg and water-surface elevations during rising and falling
stages canputed by HEC2SR for the San Lorenzo River
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I _=a_=_===========_========.=
SAN LORENZO RIVER: HEC--6I

ID X VR HR VFA HFA

- FT FT FT FT FT
=.==========••=•••=-===••••-

I 3 0 -4.2 1.6 -4.6 3.S
4 S50 -3.7 2.7 -3.7 3.7

I: 8 1183 -3.4 3.5 -3.4 4.1

I
9 1700 -0.7 4.2 -0.1" 4.6

10 2200 --0.7 4.8 ·-0.7 5.1
I 11 2600 -O.!j S.O -0.7 5.3

12 2800 -0.6 5.1 -0.8 5.3

I 14 2950 -1. 0 S.4 -1.' 5.5
lS 3575 -0.5 6.6 -0.8 6.5
19 4345 -0.2 7.4 -0.7 .7.2

I
ZO 4955 1.4 e.o 1.3 7.7
21 5360 1.1 8.5 2..7 8.3

, 22 !i610 2.0 9.1 2.0 9.9

I
25 6095 2.1" 9.3 2.5 '9.1
26 6745 J.O 9.1 3.0 9.1
27 1325 3.2 10.4 3.2 10.4i

30 7575 3.5 10.5 3.4 10.6

I 3i. 8000 3.9 10.8 3.9 10.8
32 858S 4.3 11.0 4.3 11.0
33 9090 4.5 11.3 4.6 11.3

- 34 9595 S.2 11. 5 5.2 11.6
35 9935 5.3 11.8 5.4 11.9
36 10140 S.6 11.6 5.5 11.1

I
38 10400 5.1 12.2 S.1 12.2
39 10780 6.5 12.8 6.5 12.9
40 11260 1.1 13.6 7.1 13.8

;

41 11800 9.4 14.1 B.4 14.9

- 42 12305 9.2 15.6 9.3 15.8
43 12645 9.1 16.0 9.1 16.3
4b 14110 10.2 19.1 10.3 19.4

II
47 15308 1~.9 21.2 13.0 21.4
40 16900 H•. 7 25.3 16.7 25.6
49 18250 20.7 30.2 20.8 30.5
SO i9238 23.7 32.9 23.6 33.0

II 51 20578 29.S 33.6 29.5 38.8
52 21500 33.4 41.4 34.2 41.1
53 22968 35.5 44.9 36.0 45.9

\1
54 24758 40.8 50.7 42.4 52.7
============================
ID -SECTION I.D.

I
X -RIVER DISTANCE:
VR -THALWCG CL AT g=O~200 CFS (RISING STAGE)lu UR ·W.S. EL AT Q.8~200 crs (RISING STAGE)
VrA=THAl..WEG EL AT g·S~100 CFS (FALLING STAGE)

II UFA=W.S. EL AT g·B~100 CFS (FALLING STAGE)

Table 12 Thalweg and water-surface elevations during rising and falling

II
stages computed by HEC-6 for the San Lorenzo River

[I
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-======================•••••
SAN LORENZO RIVER: FLUVIAL-ll
ID X VR HR VFA HFA

FT FT FT FT FT
c=================.=====••••

J' 0 -6.9 2.' -0.3 3.0
4 550 -S.3 2.9 -6.B 3.2
B llB3 -3.9 3.2 -5.3 3.5
9 1'00 -1.5 3.8 -1.5 3.9

• 10 2200 -0.' 4.1 -0.8 4.4
11 2600 0.1 4.4 -0.3 4.8
12 2800 -0.4 4.5 --1. 3 4.9
14 2950 -0.6 4.8 -·0.6 4.9
lS 3515 -0.1 6.1 -0.1 6.1
19 434S 0.3 '.2 0.3 8.0
20 4955 O.S 1.8 0.5 B.6
21 ·5360 LO 8.1 1.0 9.0
22 5610 2.1 a.5 2.1 9.4
25 6095 2.6 8.8 2.9 9.1
26 6145 2.1 9.2 2.' 10.3
21 1325 3.2 9.1 3.4 10.9
30 1515 3.4 9.9 3.1 11.1
31 8000 4.6 10.1 5.3 11.4
32 8535 5.2 10.5 5.9 12.0
33 9090 s.s 10.9 6.6 12.5
34 9595 6.S 11.4 1.313.1
3S 993S 1.0 11.1 1.1 13.5
36 10140 6.3 11.9 6.1 13.1
38 10400 5.1 12.6 S.1 14.6
39 10780 6.4 13.2 6.2 15.2
40 11260 6.9 13.9 6.3 15.9
41 11800 3.2 14.9 B.O 16.8
42 12305 9.3 15.1 B.B 11.6
43 12645 9.4 16.3 9.2 18.1
46 14110 13.4 19.6 14.3 21.6
41 15308 11.2 22.6 lB.l 25.0
48 16900 19.9 27.5 20.3 30.0
4.9 182S8 24.S 31.8 26.2 34.2
so 19238 22.9 34.9 24.5 31.'
51 20578 2B.1 39.1 26.6 41.1
52 21508 33.2 41.8 33.6 44.1
53 22968 39.2 46.0 40.2 40.6
54 241S0 41.2 52.9 41.2 55.6
============================
ID =SECTION I.D.
X =RIVER DISTANCE
VR =THALWEG EL AT Q=1.690 ers (RISING STAGr>
tlR -W.S. EL AT Q=1~690 crs (RISING STAGl::)
vrA=THALWCG CL AT Q=9.440 CFS (FALLING STAGl::>
IIFA=W.S. EL AT.g=9~440 eFS (FALLING STAGE)

Table 13 Thalweg and water-surface elevations during rising and falling
stages computed by FLUVIAL-II for the San Lorenzo River
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SAN LORENZO RIVER:SEDIMENT-4H
ID X YR HR YFA HFA

~ F'T F'T F'T F'T F'T
-.=-=======-====-====-====.-
3- D -5.0 1.4 ·-S.3 3.5

I 4 SSO -4.4 2.1 -4.4 3.'1
0 1183 -4.0 2.'1 -4.2 3.9

! 9 1100 -2.5 3.2 -,2.5 4.2

I • 10 2200 -1.S 3.6 -1.6 4.4
11 2600 -1. 0 4.0 -1.1 4.6
14 2750 -0.9 4.5 -1.3 4.9
15 3375 0.0 5.1 -0.3 S.8I 19 4145 0.5 1.1 0.4 '1.1
20 4755 1.2 8.0 1. j, 8.0
21 5160 1.1 9.5 1.6 0.5

I 22 5410 1.9 8.8 1.9 8.8
25 5995 2.3 9.0 2.3 9.1
26 654S 2.0 9.6 2.0 9.'1

I
2'1 '1125 . 3.1 9.9 3.1 10.1
30 '1375 3.3 10.0 3.3 10.2
31 '18BO 3.6 10.3 3.6 10.5,

32 83B5 4.0 10.6 4.0 10.8,I 33 0890 4.4 10.9 4.4 11.1
·34 939S 4.0 11.2 4.B 11.4

35 9735 5.0 11.4 5.0 11.6

:1 36 9940 5.2 11.7 5.1 11.9
33 10200 5.6 12.2 5.5 12.4

i . 39 10SBO 6.1 12.9 6.0 13.1

,I 40 11060 '1.0 13.7 6.9 14.0
41 11600 B.l 14.'1 S.l 14.9
42 12105 9.0 15.8 9.0 16.0
43 12445 9.'1 17.0 9.'1 1'1.3

11 46 13910 10.'1 19.1 10.7 19.4
4'1 15100 13.0 21. '1 13.0 22.0I
43 16'103 16.6 25.0 16.6 25.2

II 49 18058 20.6 29.5 20.6 29.8
so 19030 24.'1 35.0 24.6 35.3
51 20370 29.139.0 29.1 39.3

fl 52 2130B 32.7 41.4 32.'1 41. 7
53 22760 36.3 44.6 36.3 45.0
54 2455a 40.1 51.3 40.1 51.8
============================

rl ID =SECTION I.D.
X =RIVER DISTANCEI •

YR -THALWEG EL AT (;)-'1.960 eFS (RISING STAGE)

[I HR -W.S. EL AT Q=7~960 ers (RISING STAGE)
YFA=THALWCG EL AT (;)=8.260 eFS (FALLING STAGE)
HFA=W.S. EL AT Q=0~260 eFS (FALLING STAGE)

[I Table 14 Thalweg and water~surface elevations during rising and falling
stages computed by SEDlMENT-4H for the San Lorenzo Rive~

rl
r.1
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although the predicted water-surface elevations are in relatively good
agreement.

2. San DteQuito River. The principal hydraulic and sediment-tran.sport
characteristics at a peak flow of 22.000 cfs computed by HEC2SR. FLUVIAL-II.

and. SEDIMENT-4H are shown 1n tables 15. 16. and 17. respectively. Water­

surface Ilevations computed using the fixed-bed models (FLUVIAL-II and

SEDIMENT-4H) are also listed in tables 16 and 17 (see HI). Thalweg and water­
surface elvations during the peak flow predicted by these three movable-bed

models are presented in figure 21. in which the three models are seen to
predict widely differing elevations. HEC2SR predicted the backwater profile

upstream of the Via de Santa Fe bridge located at a river distance of 3.780

ftj however. both FLUVIAL-ll and SEDIMENT-ll predicted smooth water-surface

profiles in the vicinity of the bridge. Figure 22 shows two different water­

surface profiles obtained by SDSU using the HEC-2 fixed-bed and FLUVIAL-ll

movable-bed models. At a river distance of 3.925 ft. immediately upstream of

the bridge. the HEC-2 fixed-bed model is seen to predict a water--surface

elevation 5.8 ft higher than that of FLUVIAL-ll. According to the SDSU

report. the river channel 1n the vicinity of the bridge was predicted by

FLUVIAL-II to be scoured and widened extensively during the peak flow.

resulting in much lower water-surface elevations than those predicted by the

fixed-bed model. The results obtained by SLA using the UUWSR fixed-bed and

movable-bed models are compared with the SLA's HEC-2 simulation in figure

23. The UUWSR fixed-bed model predicted much lower water-surface elevation

upstream of the Via de Santa Fe bridge than HEC-2. The SLA report states that

as much as 20 ft of scour was predicted by the UUWSR movable-bed model at the

bridge section during the peak flow. lowering the water-surface elevation

considerably.-as seen 1n figure 23.

Thalweg elevations predicted by HEC2SR are shown in figure 24 together

with field data acquired by the County of San Diego. California. in June 1981

(see table 18). The field data indicate that sand-mining pits were completely

filled during the 1980 flood. HEC2SR predicted scour along the lower part of

the study reach. downstream from the bridge. and stable river-bed patterns for
the upper reach. On the other hand. UUWSR predicted a generally aggrading
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&:ft I =.a:a::- _=::.:.:.==-=-======::=:.========-===~.
1M IttCUITO IJO: 1lC2S1

DX TI WY H"' •• 1T15I-

" " " " n " CFS FPS Til Tn Til '"-=_--,-=-= t =_= =-=--~-=-_ =====-=-==--== ---
43 • 14.5 11.1 12.1 26.1 611 221., 11.621171 183931 214110 1.58
44 III 23.622.622.931.1 736 22111 6.521171 183931 214111 1.58
45 1611 16.8 13.7 14.5 31.4 1119 22101 4.6 21171 183931 214110 1.58
46 2311 23.6 18.8 21.1 32.2 563 22DID 11.321171 183931 214111 1.58
47 2791 19.7 15.5 16.7 33.6 326 22110 9.720171 183931 214810 1.58
48 3191 13.7 11.9 12.6 35.9 76522..1 2.8 5661 48280 53940 I.•
49 3441 18.2 15.1 16.335.9 467 22111 5.4 5661 48281 53940 1.86
SI 3611 18.812.4 14.735.7 171 22801 11.6 5668 48281 5394. ,.86
51.1 3781 25.1 15.1 17.5 38.4 317 22111 5.5 2681 21191 2387. .91
51.1 38'S 25.' 14.5 17.2 38.4 317221115.8 2681 21191 23871 1.91H 3931 11.916.5 U.8 39.1 474 22101 3.1 251 357. 3821 1.38
54 1~\ U] \t~ \l.l ~l:~ 1~~1 ~,,\ t~ 4g,~\ 4ml tft
55 5461 22.7 24.9 25.1 3!.1 616 2201. 5.3 4210 38711 42910 1.51
56 6161 25.727.227.' 39.7 438 221" 5.2 4211 38711 42910 '.50
57 6591 27.227.627.541.1 29422'" 7.715560 164951 19.511 '.S?
58 7261 27.' 27.427.341.3 SSI22..0 4.1 ISS68 IM9S1 18PStO '.S?
S9 ml 27.828.528.3 41.2 230 22..8 11.515561 164951 180511 I.S?
61 8291 33.4 33.4 33.4 44.5 516 2208. 11.3 14481 179731 194211 1.59
61 887. 37.337.337.351.8 493 22101 6.4 14480 179131 194211 1.59
62 937. 41.5 41.5 41.5 52.2 493 22101 5.' 14481 179131 19421. '.59
63 9821 41.941.9 41.9 52.9 517 22101 5.1 14481 179731 194211 1.59
===========================--==================:::============= --=====
lD=SECTIOH 1.1. 0 =VATER DISCHARGE AT PEAt: nlllx=RIVER DISTANCE V =ttEAN ~OCITY AT PEAk now
YI=INITIM. THALWEG a. OIl =BEH.OAD DISCHARGE AT PEAK FLIII
YF=FINAl. THAlWEG a. us =SUS-LDAD DISCHARGE AT PEAK nOlI
YsTHALlIEG El AT PEAK nOlI OT =TOTM.-LOAD DISCHARGE AT PEAl nOlI
H=V.S. a. AT PEAK FLOW DSI=t1EDIAN DIA"ETER or BO
" =TOP III1TH AT PEM nOlI IlATERIAL AT PEAl FLOII

Table 15 Principal results computed by HEC2SR for the. San Dieguito
River
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•• .Pi =:-'l':'-. . --_ i

SAN DIEGUlTO IIVEI: FlINI"-U
DI YeIF' H HI' I V. IS illS.

" " " " " " "en frS til Til Til III':l L -----------=-:.---========== :r--._.==. ====.
43 I 18.' 18.' 18.' 31.1 31.2 963 22••• 4.' - 366361 1.25
44 .11 23.6 21.6 18.431.7 31.6 787 22111 4.3 - J73271 1.25
451611 16.823.526.332;532.4 1166 22'" 3.8 - 39632. 1.24
46 2311 23.625.622.533.1 32.9 857 22118 4.4 - 518591 1.25
47 2791 19.126.221.5 33.5 36.4 491 22'0' 5.5 - 637181 1.28

. 48 3191 13.726.4 24.7 33.9 36.8 482 22110 5.5 - 645830 1.25
49344. 18:226.4 23.234.' 36.8 3S9 2210. 6.2 - 11927. 1.21
51 3611 18.' 26.521.1 34.1 36.8 266 22111 6.' - 811581 1.21
51 378D 25.' 21.1 23.1 34.5 37.2 34S 2210. 5.8 - '.26•• 1.21
52 3925 11.926.924.934.7 4'.5 43922101 6.' - 896691 1.27
53 4345 13.327.329.8 35.4 41.8 829 22101 5.1 - 96195. '.28
54 4945 17.529.331.336.541.9 158 22118 5.5 - - 1189821 1.33
SS' 5455 22.7 31.4 21.1 37.4 41.. 644 2210. 6.1 - - 1377560 1.37
56 6155 25.731.6 31.1 38.4 41.2 452 220•• 7.' - - 1491148 1:43
57 658S 27.232.431.939.441.4 34622111 7.8 - - 1512880 1.47
58 725'5 27.1 33.4 34.4 41.1 42.3 451 22111 7.6 - - 1828821 1.53
59 7765 27.8 3S.S 34.8 42.5 42.4 511 22111 7.5 - 186014D 1.58
61 8285 33.437.737.1 44.1 44.5 5J6 22118 7.4 - - 1861161 1.64
61 886S 37.339.241.4 46.1 49.6 51722.0. 7.9 - 2251698 1.74
62 9365 4'.5 41.2 .1.9 47.7 51.' 442 22111 8.3 - - 2188721 1.79
63 9815 41.941.9.'.949.• 51.7 .4442210' 8.5 - 234499. 1.85
:.:.~::===================--==---================

I)=SECTI(If I. D. 0 =WATER DISCHARGE AT PEAK FUJI
X=RIVER DISTANCE V = KEAN VELOCITY AT PEAK flOW
YI=INITIAL THALWEG E1. DB = BED-LOAD DISCHARGE AT PEAk FLOW
Yr=FINAl.. THALWEG a os = SUS-LOAD DISCHARGE AT PEAK flOW
Y=THALWEG El AT PEAl flOW DT = TOTAl-LOAD DISC.IARGE AT PEAK flOW
H=V.S. n AT PEAK FLOW ISO= KEDIAH DIAttETER OF BED
Hl=11.S. El. AT PEAK FLOW UEC-2) MTERIAl AT PEAk FlOll
V =TOP IIIDTH AT PEAk FLOW
NOTE: DB , DS IIEIE HOT COttPUTD "ITH FLlNIAl-ll

Table 16 Principal results computed by FLUVIAL-II for the San Dieguito
River
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.: • ;: =-- '"!Ii La

SAN DIEGUITO lIVER: SDItDT-4H
D IYlYf' HH1 .. ' Vir lSI

"" " " " " " as frS Til lit-==----==--::.:.======--~ ---:....:.---:--:=--=..========-
43 ". 21.921.721.829.929.9 84622t1. S.1 2671 '.46
44 14.1 24.1 24.' 24.1 3'.631;6 818 22111 5.52761 '.46
45 2211 25.1 24.8 25.' 31.431.4 1165 22111 5.1 31.1 1.46
46 2911 25.1 23.824.632.732.8 488 22111 8.74151 '.46
47 339. 23.1 23,823.1 33.734.1 69322111 4.7367' 1.46
48 3791 21.6 21.2 21.9 33.8 34.1 691 22111 3.23131 1.46
49 414. 22.922.422.833.934.2 41522111 7.1 3431 '.46
51 421. 24.422.9 24.1 34.234.5 237 22111 9.1 3941 1.46
51 438. 24.4 21.2 22.4 34.6 35.3 28J 22111 9.6 4291 1.46
52 4538 21.6 21.1 21.9 34.8 35.9 523 22111 3.83148 1.46
~ 495. 18.2 19.1 18.7 34.8 35.9 944 22.99 1.8 1543 ',46
~ n~, ~\:i ~:~ ~ti ~:!!t:! t!t\ ~in 1:1 m, I:a
56 6688 26.928.927.' 35.936.1 544 22199 5.63798 1.46
57 7191 27.227.227.1 36,837.3 32S 22111 9.33710 1.46
58 7861 27.831.528.1 37.738.1 471 22111 6.13988 1.46
59 8371 28.931.1 28.338.839.3 19322111 12.24261 1.71
61 8891 34.1 33.1 34.' 45.946.1 495 22111 11.64681 1.71
61 9471 39.641.6 41.1 52.2 52.1 62S 22111 4.95131 1.1'
62 9921 41.' 41.9 41.6 52.552.2 544 22111 5.27461 1.71
6J 11421 41.1 41.3 41.2 52.7 52.4 542 22111 5.1 9781 1.7'
=========--==========--======--===--==========-- •
ID=SECTIOH II .. • TOP IIIITH AT PEAK fLDV
I sRlVER DISTANCE
n=INITIAl THAlWEG EL I • !lATER DISCHARGE AT PEM
YF=FIHAl THALlIEG EL fLOW
, =THAlWEG n. AT PEAK nil v = tlEAH \{lOCIn AT PEAK nlll

IT = TOTAl-LOADDISCHARCE AT
H=11. S. EL AT PEAX now PEAX fUll
Hl=U.5. EL AT PEAK now ISO= IOIAN SIZE If JED

COtlPUTEP USING FIXED-BED IlATERIAl AT PEAK fLlII
nOOD-ROUTING MODEL

NOTE: IESUlT5 SHOIIN ARE fOR ENTIRE CROSS-SECTION II' lAIN
AND OVERBANK DIAHt£l.S

Table 17 Principal results computed by SEDlMENT-4H for the San Dieguito
River

•
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19.9
21.4
23.3
23.9
24.1
23.9
23.9
24.4
26.0
30.4
32.4
32.4

OBSERVED
THALWEC
ELEVATION

F'T

900
1610
2790
3190
3440
3600
3780
3930
4350
6590
'7260
'7770

F'T

RIVER
DISTANCE

44
45
47
48
49
SO
SO.1
52
S3
5'7
SO
S9

81

.**SAN DI[GUITO RIV~R***•

X-SECTION
ID

NOTE: CROSS-SeCTION DATA m-IOWN WERC OIrTAINED IN JUNE
1981 BY DEPARTMENT or PUBLIC WORKS~ COUNTY OF SAN
DIEGO~ CALIFORNIA.

THE HIGUEST WATER--SURFACE ELEVATION OIISERVED AT
SECTION 52 ex =3~930 FT) OF THE SAN DIEGUITO
RIVER WAS APPROXIMATELY 36 FT ABOVE "SL.

Table 18 Thalweg elevations measured in June 1981 for the San Dieguito
River
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channel over the entire study reach. as seen in figure 25. FLUVIAL-ll

predictions. shown in figure 26. indicate general deposition throughout the

reach. It should be pointed out that FLUVIAL-ll allows for bank erosion. so

variabl e river width is incorporated into the model. while UUWSR considers

changes in cross-section profile for a fixed river width. Figure 27 shows the

thalweg elevations predicted by SEDIMENT-4H. These profiles were plotted

~sing output-summary tables submitted by RMA. As seen in the figure. the pre­

flood. initial thalweg profile does not conform to the input data supplied to

RMA (c~are figure 27 with figure 24 or 26. for exa~le. for the initial

thalweg profile). It must be pointed out that because of RMA's failure to

respond to requests for clarification. the results from SEDIMENT-4H presented

in this report are based entirely on RMA's output summaries submitted to the

Committee. and no modification or adjustment of their tabulated values could

be made in spite of the fact that inconsistencies" between the summarhed

values and computer output listings were detected and brought to their

"attention.

Longitudinal distributions of the mean flow velocity predicted by the

HEC2SR. FLUVIAL-ll. and SEDIMENT-4H movable-bed models are shown in figue

28. FLUVIAL-ll predicted gradual changes in the mean flow velocity between

3.8 ftls and 8.5 ft/s; however. HEC2SR's predictions are seen to vary abruptly

from cross section to cross section. with I variation range of 1.2 ftls to

11.6 ft/s (see tables 15 and 16). "The range of variation predicted by

SEDIMENT-4H is seen to be between 1.8 ftls and 12.2 ftls (see table 17).

Longitudinal variations of the water-surface width during the flood peak are

presented in figure 29. in which the three models are seen to yield quite

different results.

Table 19 lists total-load discharges during the peak flow and post-flood

median bed-material sizes predicted by HEC2SR. FLUVIAL-H. and SEDIMENT-4H.

The total-load predictions differ widely among these three models. as seen in

figure 30. RMA's results were not included in the figure because of their

small values. FLUVIAL-11 predicted extremely high total-load discharges with

an almost linearly increase along the study reach. At a river distance of
9.815 ft. the total-load discharges predicted by HEC2SR. FLUVIAL-H. and

SEDIMENt-4H were approximately 194.000 tons/day. 2.345.000 tons/day. and 7.000

•
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QT DSOF

TID HM

.;.::;..;..;.......

2610 0.46
2760 0.46
3100 0.46
4150 0.46
3670 0.46
3130 0.46
3430 0.46
3940 0.46
4290 0.4b
3140 0.46
1543 0.46
2550 0.46
3920 0.46
3790 0.46
3700 0.46
3980 0.46
4260 0.10
4680 0.70
5130 0.10
7460 0.10
9780 0.70

X

FT·

600
1400
2210
2910
3390
3790
4040
4200
4390
4530
4950
5550
6060
6600
1190
7860
8310
8090
9410
9920

10420

0.81
0.87
0.81
0.87
0.81
0.92
0.92
0.92
1.04
0.30
0.30
0.53
0.53
0.53
0.55
0.55
0.55
0.59
0.59
0.59
0.59

QT D50F!
!

TID HH!

88

0.23 204000
0.25 204000
0.25 204000
0.25 204000
0.25 204000
0.26 53940
0.27 53940
0.28 53940
o.ze Z3670
0.28 3820
0.30 3820
0.33 42900
0.36 42900
0.40 42900
0.46 180510
0.54 180510
0.5e IBOSI0
o.sa 194210
0.67 194210
0.81 194210
0.85 194210

.•..- ..... _...-.--... ...._._---

QT D50F t,
TID HH ,

3663£,0
0.46 373210

396320
518590
631080
645830
119210
a11580
902600
896690
960950

1189020
1377560
1491140
1502880
1828820

0.10 1860140
1861060
2251690
2080720
2344990

X D501 t
!

FT HH t

o
aDo

1610
2310
2190
3190
3440
3600
3780
3925
4345
4945
54S5
6055
6585
1255
1165
8285
80i.5
9365
9Bj.5

ID

SAN DIEGUITO , ! ,
RIVER '(FLUVIAL-II)! (HCC2SR) t(S~DIHENT-4H)

ID • SECTION I.D.
X = RIVER DISTANCE
D50I = INITIAL MEDIAN SIZE or DED HATERIAL (PRE-FLOOD)
DSOF - FINAL MEDIAN SIZE OF BED MATERIAL (POST-FLOOD)
QT - TOTAL-·LOAD DISCHARGE AT PEAK-FLOW DISCHARGE

OF 22~000 CFS

43
A4
45
46
41
48
49
SO
51
S2
53
S4
5S
56
51
sa
59
60
61
62
63

Table 19 Total-load discharges at peak flow and final median bed-material
sizes computed by HEC2SR, FLUVIAL-II, and SEDIMENT-4H for the
San Dieguito River
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tons/day, respectively; these values for a peak discharge of 22,000 cfs

correspond to sediment concentrations of approximately 3,270 mg/l, 39,480

IIg/l, and 120 mg/l. respectively. Longitudinal distributions of the median

bed-material size at peak flow are shown in figure 31. Thalweg and water­

surface elevations predicted by these three movable-bed models for the rising

and falling limbs of the hydrograph are tabulated in tables 20, 21, and 22.

D!Jring the fal11ng stage. at a discharge of approximately 12.000 cfs, HEC2SR

predicted generally much higher water-surface elevations. as seen in tables 20

and 21.

3. salt River. Four movable-bed models. HEC2SR, HEC-6, FLUVIAL-ll, and
SEDIMENT-4H, were used to simulate a 100-yr flood with a peak discharge of

176,000 cfs; the principal hydraulic and sediment-transport parameters

computed are summarized in tables 23, 24. 25. and 26, respectively. Note that

additional water-surface elevations predicted by SDSU and RMA using the HEC-2

and SEDIMENT-4H fixed-bed models are also listed in tables 25 and 26.

respectively. The peak-flow thalweg and water-surface elevations predicted by

these four models are presented in figure 32. HEC2SR is seen to predict

somewhat lower water-surface elevations in the middle reach than the other

three models. At a river distance of 10,120 ft. the difference of the water­

surface elevations between HEC2SR and FLUVIAL-ll amounts to 2.2 ft. Water­

surface profiles predicted by HEC-6. FLUVIAL-II. and SEDIMENT-4H are seen to

be similar to each other, while their thalweg-elevation predictions are quite

different. As seen in tables 23 and 25, HEC2SR predicted a general trend of

scour over the entire reach. while FLUVIAL-II predicted deposition. Thalweg

elevations predicted by HEC-6 and SEDIMENT-4H seem to fall between those of

HEC2SR and FLUVIAL-II. At a river distance of 12.150 ft, FLUVIAL-II predicted

a thalweg elevation 9 ft higher than that of HEC2SR; however, the water­

surface elevation predicted by FLUVIAL-II was higher by only 1.8 ft.

SimHarly, at a river distance of 15.500 ft, the thalweg elevation obtained

from FLUVIAL-II was 11 ft higher than that computed by HEt2SR, but the water­

surface elevations predicted by those models were almost identical (see tables

23 and 25). It should be pointed out that overall changes in thalweg

elevations predicted by HEC2SR. conformed quite well to those observed in the

CSU movable-bed physical model (Anderson-Nichols. 1980) at a prototype

discharge of 210,000 cfs.

-
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.====e=.=c===.=••==••=========•••
SAN DIEGUITO RIVER; ..EC2SR

ID )( YR HR yrA HFA

FT rT FT FT FT
.==========.=••========•••==•••••
43 0 13.6 23.2 11.2 24.3
44 eoo 23.4 27.1 22.6 28.1
45 1610 15.0 20.1 13.9 29.4
46 232.0 22.1 29.0 19.0 30.2
47 2790 lB.B 30.3 lS.7 31.4
48 3190 13.9 30.7 11.9 32.3
47 3440 lB.7 30.7 lS.1 32.3
50 3600 19.6 30.7 12.5 32.3
50.1 3780 21.9 31.3 15.2 33.4
51.1 380S 21.8 31.3 14.6 33.4
52 3930 11.1 31.9 14.9 33.7'
53 4350 13.4 31.9 14.4 33.9
54 49S0 17.B 31.9 18.9 33.9
5S 5460 23.2 31.9 25.7 34.2
56 6060 25.9 32.7 27.5 37.1
57 6590 27.3 33.1 27.6 37.4
SO 7260 27.1 33.9 27.4 30.2
59 7770 27.9 34.0 28.4 39.2
60 B290 33.4 41.9 33.4 43.2
61 8070 37.3 46.6 37.3 40.7
62 9370 40.5 47.4 40.5 49.8
63 9820 40.9 47.7 40.9 50.3
=================================
ID .SECTION I.D.
X =RIVER DISTANCE
YR .THAlWCG CL AT Q=S.OOO CFS (RISING STAGE)
BR =W.S. EL AT g=s.OOO CFS (RISING STAGE)
YFA=THAlWCG EL AT ~=12.000 CFS (FALLING STAGE)
HFA=W.S. EL AT g=12:000 CFS (FALLING STAGe)

Table 20 Thalweg and water-surface elevations during rising and falling
stages computed by HEC2SR for the San Dieguito River
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•••••••••••••••••••••••••••••••
SAN DIEGUITO RIVER I FLUVIAL-l1
ID X. YR HR YFA HFA

FT F'T F'T F'T F'T
••••====••••••••••==•••••••••••
43 0 10.0 25.'1 10.0 21.8
44 800 19.2 26.8 20.5 29.9
45 1610 20.1 21.8 26.1 30.2
46 2310 20.S. 28.5 24.6 31.2
41 2190 19.1 29.0 25.8 31. '1
48 3190 19.0 29.2 25.5 32.2
49 3440 18.5 29.2 25.6 32.4
SO 3600 18.5 29.3 25.6 32.6
51 3190 19.6 29.5 26.2 32.9
S2 3925 1"0.9 29.1 26.6 33.0
53 4345 23.0 29.9 29.9 33.8
54 4945 24.6 29.8 29.6 34.9
55 54S5 23.9 30.4 30.8 3S.8
56 6055 21.9 31.1 31.3 36.S'
51 6585 20.9 32.9 32.5 31.9
58 7255 29.9 34.9 34.1 39.S
59 1165 33.1 36.5 36.4 40.8
60 8285 35.6 39.5 31.8 42.2
61 996S 31.4 40.0 39.9 43.'1
62 9365 39.S 43.1 41.3 45.5
63 9815 40.9 45.3 40.9 41.4
===============================
ID=SECTION I.D.
X =RIVER DISTANCE
YR .THALWEG EL AT Q=4~69S CFS (RISING STAGE)
HR =W.S. EL AT Q=4~69S er-s (RISING STAGE)
YFA=THALWEG [L AT Q=12.190 ers (FALLING STAGE)
UFA=W.S. EL AT Q.12~190 eFS (FALLING STAGE)

Table 21 Thalweg and water-surface elevations during rising and falling
stages computed by FLUVIAL-II for the San Dieguito River
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F'TFTFT FT FT

SAN DIEGUITO RIVER:SEDIMENT-4H
ID X YR HR YFA HFA

ID ·SECTION ID
X .RIveR DISTANCE
YR .THALWEG EL ATQ-4.360 CFS (RISING STAGE)
UR -W.S. EL AT Q.4.360 CFS (RISING STAGE)
YFA.THALWCG EL AT ~=12.940 crs (FALLING STAGE)
IfFA-W.S. EL AT Q.12:-'J40 CFS (FALLING STAGE)

43 600 20.0 26.1 19.9 29.2
44 1400 22.7 27.0 22.7 29.0
45 2210 23.6 2B.0 23.5 29.9
46 2910 23.3 28.9 22.0 30.9
41 3390 20.1 29.6 20.2 31.6
48 3790 17.7 29.6 17.9 31.7
49 4040 lB.S 29.1 lB.3 31.B
50 4200 20.9 29.1 19.1 31.9
51 4380 20.9 30.1 16.4 32.0
S2 4530 16.4 30.4 15.9 32.1
53 4950 14.2 30.4 14.6 32.2
S4 S5S0 19.5 30.4 19.3 32.2
55 6060 24.9 30.1 24.2 32.6
S6 6600 26.9 31.1 21.1 33.3
51 1190 21.2 32.0 26.9 34.4
5B 1B60 21.8 32.7 2~.5 35.4
59 B310 29.1 33.3 21.6 36.1
60 8890 34.1 42.1 33.7 43.9
61 9410 39.9 50.4 40.3 51.4
62 9920 41.7 50.4 41.6 51.5
63 10420 41.4 50.4 40.8 51.6

......•....- __ .

Thalweg and water-surface elevations during rising and falling
stages computed by SEDlMENT-4H for the San Dieguito River

Table 22
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a======---=======-:.~-===_ =====::::---. __ .:. • :=-
SALT lIVER, HEC2S1

X YI Yf Y " • II VilIS IT lSI

"" " n n n CFS frS 111 Til Til ...
a:======---============----=--- -

I 1119.21119.2 1179.2 1189.3 934 i6632. i7.8 - - 2316111 .9.'
IS' i'79.3 1119.3 1179.3 1191.4 912 16632115.2 - - 2316.11 49.,
61 1179.6 1119.6 1119.6 1192.2 828 16632. 16.2 - 23.6.11 .9.
••1 11SI.1 1'81.2 1118.1 1'94.1 749 16632. 14.' - - 2386111 S6.,
'II 1.8•.• 18SI.2 1.7B.' 1194.6 751 166321 13.5 - 2386111 S6.

1528 1181.7 11S0.9 1178.6 1196.3 746 166321 12.8 - - 2306111 S6.1
1920 1181.1 1180.6 1'82.7 1191.7 1122 166328 11.i - - 2321441 52.'
2521 1'81.7 1081.2 1'83.8 1098.5 1164 166321 12.6 - - 2321448 52.'
3128 1184.5 1084.2 1186.5 1101.' 1176 166328 12.4 - 2321440 52.'
3521 1185.51084.4 1185.4 11".9 1854 166328 12.4 - - 2284791 19.1
4241 l1B1.3 1086.3 l'B7.3 1102.3 1125 166328 13.2 - - 2284798 19.'
4948 1188.8 1887.8 1188.7 1114.1 107S 166321 12.3 - - 2284790 79.1
5441 1191.4 1'89.5 1'91.4 1185.3 994 166320 13.1 - - 2284790 19.'
6841 1192.1 1089.5 1189.1 11'6.7 833 166321 13.S - - 2264581 116.1
6911 1194.2 1191.7 1191.3 110S.6 B2S 166320 14.2 - - 226458' 106.'
1318 1095.3 1892.1 1198.3 1118.1 791 166328 13.1 - - 2202860 126.1
751. 1'95.8 1'92.2 1'91.3 1189.6 645 166320 15.6 - - 2282860 126.1
766. 1196.2 1892.7 1190.8 1118.1 657 166321 15.4 - - 2282860 126.'
78b0 1196.1 1'93.6 1'91,11111.4 759 166328 13.4 - - 2282860 126.'
826. 1197.1 1894.1 1'95.1 1112.' 831 166321 14.3 - - 2151420 154.'
8928 1199.4 1095.8 1'96.1 1113.6 829 166320 14.4 - - 2151420 154.'
9528 1101.' 1897.4 1'98.3 1115.1 827 166320 14.5 - - 2151420 154.'

1.121 1102.6 1199.1 1199.9 1116.1 826 166J20 14.4 - - 2151420 154.'
18321 1103.1 1098.1 1899.6 1117.4 801 1663~0 14.1 - - 2151060 12:\.,
1.728 l1D4.6 1899.6 1111.1 1118.5 864 166310 13.5 - 2850068 12 .
11121 1186.1 1180.7 1182.5 1120.1 1860 166328 11.6 - - 2050068 121.'

1132' 1106.8 1181.6 1183.2 1120.3 1.51 166320 12.1 - - 205006. 121 .•
1521 1187.5 1182.2 1113.8 1128.3 984 166320 13.4 - - 20S0068 121.1

11730 H08.3 1183.5 1104.9 1122.3 l·US 166328 9.5 - - 2851060 128 .•
12158 11'9.7 1104.6 1187.6 1122.8 1624 166320 9.7 - - 1963850 118.1
12578 1111.2 11'6.1 1109.' 1123.4 1574 166328 It.8 - - 1963050 188.'
12991 1112.7 1187.6 1111.5 1124.6 1551 166320 11.3 - - 1963050 1'8.1
13640 1117.1 1112.3 1115.5 1129.8 1513 166320 12.3 - - 1963150 108.'
14440 1117.8 1113.9 1116.2 1132.9 2342 16632. 1.6 - - 1963050 1'8.1
1550. 1118.5 1117.8 1118.1 1134.2 3529 166320 5.1 - - 19409.8 86.'
16621 1121.3 1120.5 1120.8 1135.1 2176 166320 10.' - - 1948918 86.1
11881 1126.3 1125.4 1125.7 1139.' 1623 166328 11.5 - - 1940980 86.1
19521 1131.3 1132.6 1134.' 1143.82926 166321 7.9 - - 1940190 6.6
20821 1129.7 1131.2 1132.5 1145.72960 166328 6.5 - - 194019. 6.6
21821 1131.2 1131.2 1131.2 1146.6 1787 166321 8.1 - - 2271650 49.t
2292. 1129.1 1129.1 1129.1 1146.8 803 166321 14.5 - - 2271651 49.'
====================================================--==================II=SECTIOH I.D. D = WATE~ DISCHARGt AT PEAK FLOW
X:RIVER DISTANCE V = KEAN VELOCITY AT PEAK FLOW
YD=IHITIAl THALWEG El DB = BED-LOAD DISCHARGE AT PEAk flOW
YF=FIHAL THALWEG El DS = SUS-LOAD DISCHARGE AT PEAK FLOW
Y=THAUIEG El AT PEAK FLOW 01 = TOTAL-LOA~ DISCHARCE AT PEAK FLOW
H:U.S. EL AT PEAK FLOW ISO= KEDIAH DIAKETER Of BED KATERIAL
U=TOP WIDTH AT PEAK FLOW AT PEAK FLOW
IIOTE: IJALU£S OF OS & DB ARE NOT LISTED BECAUSE or THE LIKITO SPACE.

Table 23 Principal results computed by HEC2SR for the Salt River
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Table 24 Principal results computed by HEC-6 for the Salt River

SALT alVEI: lEe""
I n YF , H " • V IS IT 1St

"n " " " " as frS Til TID til-====----============__ _= ==- II -=--:-==_••,:.. I

• 1179.2 1179.4 1179.3 1189.8 962 176111 18.1 579311 S81J2D 15.5
lSI 1179.3 1178.6 1178.6 1192.8 9SS 176..1 13.1514561 575881 24.8
4511179.61178.81178.91193.2 81417611114.9486511 48768121.4
811 1181.1 1178.8 1178.9 1193.9 78S 176111 15.9 4SJ511 454111 21.1
'II 118'.1 11".1 1179.2 1194.2 78? 176111 15.8 419121 421880 21.4

ISlI 118'.7 118'.3 1181.3 1196.4 782 176111 14.1 341151 348698 23.8
1921 1181.1 1182.7 1182.8 1199.1 1187 176.81 11.9323881 323211 1.7
252. 1181.7 1184.2 1183. I 1199.1 1276 176... 11.9 326161 326930 I.'
3121 1184.5 1184.7 1184.5 1111.1 1377 1761.1 11.4 311561 312338 7.5
3521 1185.5 1185.4 l1BS.4 1111.4 1231 1761.1 11.9384791 385961 16.5
4241 1187.3 1186.9 1181.1 1112.8 1264 176.1. 13.1394721 396148 16.1
4841 1188.8 1188.7 1188.1 11'4.51274 1768.1 12.1 411891 413211 12.6
544. 119'.4 1191.1 1'9'.1 1115.7 1189 176100 13.1 426360 42759. 2'.5
6041 1192.1 119'.5 1191.6 1116.2 1133 17600. 19.1 358641 3514BI 2'.7
6'11 1194.2 1193.5 1193.9 1111.3 1141 17"01 16.7 344S21 345811 11.1
7311 1195.3 1'94.2 1194.1 1111.S 113. 116011 16.2 314541 315821 19.1
7511 1195.8 1194.6 1194.1 1111.9 858 116••0 19.3 319611 38018. 24.8
1660 1196.2 109S.' 1894.1 1111.9 86S 176000 18.5 33381. 333550 21.'
7868 1196.1 1195.8 1195.' 1114.1 982 1768.1 15.4 329411 329860 11.3
8261 1191.71191.2 1191.' 1115.1 1146 1"188 15.232251' 322850 6.9
8921 1199.4 1198.8 1199.2 1116.4 1144 176101 15.4 326941 327330 8.9
9520 1111.1 1111.4 1111.7 1111.1 1143 176101 15.7330191 3312.8 9.8

1.121 1112.6 1111.8 1112.1 1119.1 1142 17611. 15.7 334951 335428 12.6
11321 1113.1 1112.8 1113.1 1119.6 1142 176••1 15.9334651 335151 7.9
11128 1184.6 1113.1 1113.5 1121.2 1180 116.0. 14.1 335611 336380 17.8
11121 1116.1 1118.3 1116.8 1122.7 1533 176100 1'.2 334361 33455. 1.1
11321 11'6.81115.91115.3 1122.9 1618 176108 12.6336960 33164021.2
11521 1111.5 1118.1 1116.9 1123.1 1630 176108 14.1 343888 344261 13.4
11731 111S.3 1117.2 1111.6 1124.4 2204 116101 11.8369711 378610 13.1
i2151 1119.7 1111.4 1111.1 1125.22615 176008 7.3 418191 419150 1.5
1251. 1111.2 1111.8 1111.1 1125.1 2943 1161.1 7.1 563928 564380 1.5
1299' 1112.1 1112.5 1112.5 1126.33267 116018 7.749461' 495460 26.5
13641 1117.7 1115.4 1115.5 1131.1 38.5 116.00 16.4 433460 434310 2B.4
14441 1111.8 1117.5 1117.6 1133.8 3201 176811 8.1 423118 424491 15.2
1550. 1118.5 1124.1 1123.9 1135.2 6536 1761.0 7.1 418808 419060 '.4
16621 1121.3 l1Z0.1 1121.8 1136.43927 176801 11.5536851 537818 12 I
17881 1126.3 1125.5 1125.1 1139.8 4006 176.0. 11.5 581871 S82858 13:6
19521 1131.3 1131.1 1131.2 1144.2 S252 176881 8.8559598 568518 7.9
2182'1129.11131.8113'.61145.142381"1" 6.8593391 593660 1.4
21821 1131.2 1131.1 1131.1 1146.43960 1761DI 1'.7 688B2. 689570 9.1
22920 1129.1 1129.2 1129.2 1147.6 2SSJ 176101 14.1 71331. 7138.8 4.1
=============================--===--====================================
X=RIVER DISTANCE V =ItEAM VELOCITY AT PEM FLOW
YI=INITIAl THAlWEG El. CT=I liD DB =BED-LOAD DISCHARGE AT PEAK FLOW
YF=FINAl. THAlIiEG EL CT=239 liS) (=IIT-IIS)
Y=TMAlIlEG EL AT PEAK FUll as =SUS-LOAD DISCHARGE AT PEAK FLOW
H=II.S. El. AT PEAX FLOW DT =TOTAl-LOAD DISCHARGE AT PEAK FLOW
W=lOP IIIDTH AT PEAK flOW DSO=KEDIAH DIAKElER OF BED
D=IIATEt DISCHARGE AT PEM FlOli tlATERIAl.. AT PEAK flOW
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Table 25 Principal results computed by FLUVIAL-II for the Salt River

aT lIVEI: FLWIAI.-U
I 'I 1F , H Hi • • V IT lSI

n n n n n n n CFS frS TID •
I:; c===:. e:=:==: * ==za . :==: •• :=== IF

• 1I'19.! II".! 1I'19.! 1189.7 1189.7 '62 116101 18.1 1539111 t9.!
lSI 11'19.3 1181.8 1181.'1191.7 1191.8 958 176111 17.1 1539111 131.1
4S1 1179.6 U84.5 ue'.8 U92.5 U92.5 892 116... 17.4 15S6JJ1129.'
••1 1181.1 1186.8 1182.8 1195.9 1193.1 1324176111 14.5 1492111 121.8
'11 lle'.1 1186.9 1'79.7 1197.4 1194.8 III 176.1. 12.1 137436. 93.6

1S21 l.e'.7 1186.1 1181.5 1198.2 1197.8 868 1761•• 12.9 134888. 11.8
192. 1181.1 1187.5 1185.1 l1e'.2 1111.3 1253 176••• 9.9 131173. 8.S

~I lll\:I l'I~:' ll~:1 \11':' \\,,:~ 1!1l l~t'" \\:i l~IL' 5':~
·352' 1'85.5 1188.3 1'86.1 11'2.1 1111.41163 176••0 11.9 1391948 48.4

424' 1'87.3 1187.8 1199.3 11'3.5 11'2.8 1264 176.0. 12.' 1484320 59.'
484. 1188.8 1189.2 1193.1 1114.8 1114.5 1288 176••• 12.2 1488128 78.6
544. 1'9'.4 1199.8 1191.3 11'6.1 1115.6 1153 176808 13.2 141457. 85.e
604. 1192.' 1191.! 1191.7 1117.3 1116.8 998 176••1 14.3 1427390 96.9
691. 1194.2 1192.6 1'92.9 1119.9 1111.4 991 17680. 14.3 141586. 112.1
731. 1895.3 1'94.3 1'92.6 111'.91111.3 947 1761'0 14.5 1413851 1'1.2
751. 1'95.8 1194.7 1196.9 1111.4 1111.5 8S7 176808 14.7 1415560 98.3
7668 1196.2 1195.6 1195.8 1111.9 1112.9 866 176'00 14.5 1395'1' 96.2
7861 1'96.7 1196.5 1198.5 1112.8 1114.7 979 176.08 13.8 138724. 93.'
826. 1897.7 1197.1 1111.7 1114.1 1115.6 1146176.18 13.4 1376920 99.8
892. 1'99.4 1198.7 11'2.9 1115.71116.6 1.47 176.01 13.4 137051. 91.2
952. 1111.1 1111.7 1111.8 1117.1 1117.7 1112 1768.0 13.7 1361691 96.6

1112. 1112.6 1112.4 1115.6 1118.9 1119.1 1.44 1761•• 13.1 1331021 97.3
1.321 1113.1 1113.3 1111.8 1119.21119.5 IllS 1761•• 13.4 1335008 113.1
1.72. 1114.6 11'5.4 1114.5 112'.9 1121.8 1179 17610. 11.6 131383. 88.1
11121 1116.1 11'7.7 11'9.1 1122.21122.4 1532 17610. 18.3 1311230 75.6
1132. 11'6.8 l1D8.S 1106.2 1122.6 1122.7 1584 176.0. 18.3 132.481 79.4
11528 1187.5 1108.9 1118.6 1123.21122.8 1647 176880 9.7 1292528 65.1
11731 U88.3 UII.3 1112.5 1123.9 1124.1 2212 176001 8.4 1297780 22.7
12158 1119.7 1111.6 1116.6 1124.6 1124.7 2617 176888 8.5 1342760 39.8
1257. 1111.2 1113.8 1118.6 1125.4 1125.1 2951 17608. 8.8 1348450 76.2
1299. 1112.7 1115.8 1114.5 1126.5 1125.6 3256 176888 8.8 1345758 96.2
1364. 1117.7 1118.9 1114.2 1128.4 1131.4 2921 176101 11.4 1432228 116.2
14441 1117.8 1123.3 1124.2 1131.6 1133.4 2931 176.81 9.2 1357851 88.2
15SI. 1118.5 1129.1 1129.1 1134.7 1134.7 5919 1768.1 5.6 1275158 2.2
16628 1121.3 1131.' 1126.2 1136.3 1135.5 366J 176801 7.8 143933173.8
17888 1126.3 1138.8 1126.1 1139.4 1139.4 3288 17681. 9.1 1478698 10'.1
19521 1131.3 1135.2 1135.7 1144.' 1143.35468 17681. 6.2 1446451 5.9
21821 1129.7 1139.1 1138.5 1146.1 1144.8 4443 176.01 6.1 1448731 1.5
21828 1131.2 1135.8 1134.3 1147.3 1145.54844 176888 7.1 1578960 6.4
22921 1129.1 1129.1 1129.1 1149.31146.62881 17611. 9.1 1689348 61.9
:====~=========--======--=--===============

X=RIUE:R DISTANCE II I: TIf "IDTH AT PEAk FUJII
Y8=INITIAl THAlWEGEl 0 :: IIATER DISCHARGE AT PEAK FLOW
YF'=FIHAl THAlWEG El V :: ttEAH UE:lOCITY AT PEAk flOW
Y=THAlWEG El AT PEAk FUJII IT :: TOTAl-lOAD DISCHARGE AT PEAK FLOW
H=II.S. El AT PEAk FLOW ISI= tOIAH DIAKETER OF BO ttIITERIAl
Hl=II.S. El AT PEAk FlOV (HEC-2) AT PEAK FLOW
HOTE: DB 1 DS IOE NOT COIfUTED "ITH FLUVIAl-U
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Table 26 Principal results computed by SEDlMENT-4H for the Salt River

.T IIVEll SDlfOT-4H
D I ,YI YF , H' Hi It. , IT lSI

" " " " " " n en FrS Tn fita.:.. = =:.2 .t•• _ •

5 1311 1181.S 1'79.4 1179.91'''.71'''.8 811 172124 If.3 818••• 1'.1

.~ ml lIti:~ Ultt n~:~ Ult~ iiltl 1m l~lR I:J 1~1" 11-.'
• 315. 1184.6 1184.8 1184.8 11'2.1 1112.' 1459 172114 9.2 '631" 11.1
, 3611 1'81.' 1186.4 1'86.1 11'2.1 11'2.1 1263 172112 11.2 1115111 11.'

11 4211 1191.21189.4 1189.1 1113.1 lt13.8 t388 t72116 tl.4 1118111 11.1
U 4851 1191.8 1191.1 1191.41114.8 U14.9 1325 112111 11.4 9971.. 11.'
12 5451 1193.2 1191.9 1192.51115.9 1116.2 1219 172194 11.3 9491.1 11.1
f3 62., 1'95.2 1'93.3 1'94.1 1117.' 1118.6 I'" 172188 12.5 881.1. 1'.'
14 6910 1'97.51'95.5 1'96.4 1111.3 1111.3 1143 172181 12.6 826118 11.1
15 1511 1199.1 1196.4 1197.S 1112.1 tt13.3 897 172177 13.2 19'1" 11.1
16 1850 1'99.1 11".8 1'98.7 1113.2 1114.4 11.9 112175 12.3 151.,8 11.1
17 831. 111'.8 1199.2 1111.1 1114.4 1115.5 1112 172.71 11.8 691.00 tl.1
18 8~" U12.3 Utl.6 11.1.4 1115.8 lU6.9 1169 172165 U.9 milD 11.1
19 9588 11'4.1 11'2.2 1113.1 1111.4 1118.4 1161 112168 11.9 519810 1'.1
2. tl151 t116.1 1114.2 tll5.1 1119.' 1121.1 1188 172054 11.6 534100 11.1
21 1,1., 1101.8 11'6.1 1116.9 112'.3 1121.3 1213 112851 11.3 491000 11.1
22 11151 1119.3 1117.9 1118.6 1121.2 1122.1 1533 112147 11.6 468111 11.1
23 U4.. UtI.6 UI9.1 UI9.8 1122.1 U22.8 1635 172143 11.6 45.010 11.1
24 1115. l11t.9 lUI.9 Ul1.4 1122.7 U23.5 2211172139 9.8 4250.. 11.,
2S 121•• 1113.3 1112.S 1113.1 1123.6 1124.2 2635 172.34 '.3 4130.0 18.
26 12551 1114.9 tl14.1 1114.5 1124.5 1124.9 2963 172.28 9.4 393001 11.1
Cl13.., 1116.5 U15.4 1116.1 1125.7 U25.' 3268 172822 9.6 386801 11.1
28 1345. 1118.71116.8 1117.1 1127.1 1127.5 3264 172818 11.3 3771.0 11.1
29 14'5'112'.3 1118.1 1119.1 1131.21131.3281811211611.3 33901. 11.1 .
30 14611 1121.21121.3 1121.8 1133.1 1134.53181 172111 8.5 259100 11.1
31 1550. 1123.1 1122.6 1122.' 1134.5 1135.4 5991 112.12 1.1 199500 11.1
32 16611 1126.2 1125.9 1126.1 1136.6 1131.1 3988 111996 1.4 115908 11.1
33 17811 113'.3 1129.4 1129.8 1139.9 114'.33'81 171996 8.2 129310 11.1
34 191., 1133.9 1134.1 1134.1 1142.3 1142.9 4438 171997 5.4 58231 11.1
3S 19801 1135.5 1135.6 1135.5 1143.2 1143.6 4276 171997 5.3 36010 11.1
36 218.1 1131.8 1132.1 1131.9 1144.1 1144.94312 171997 5.' 41801 11.1
312180. 1131.3 1131.3 1131.3 1146.8 1146.9 3117 171999 7.5 46800 11.1

.J8 2291. 1131.1 1129.9 1131.3 1149.8 115'.1 1414 172111 11.5 6271. 11.1
===========--====--========--=======
II c SECTION II II • TOP IIIDTH AT PEAK fLII
X =RIVEt DISTANCE D =VATER DISCHARGE AT PEAK FUN
YI • INITIAl THAlWEG n. (MIN AND OVERBANK AREAS)
YF • FINAl. THAlWEG n. , • flEAH VELOCITY AT PEAK .FUN
Y • THAlWEG n. AT PEAK FUJII OT • TOTAl-lOAD DIS. AT PEAK FlOV
H • II.S. n AT PEAK FlOll ISI= toIAH SIZE or JO MATERIAl
Hi • II.S. n AT PEAK flOW AT PEAK FlII

COtIPUTO USIHC FIXD-BD fIODEl
NOTE: RESUlTS SHOWN ARE FOR ENTIRE SECTION OF IlAIN AND OVERBANK AREAS
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Figure 32 Comparison of thalweg and water-surface profiles at peak flow computed using the HEC2SR,
HEC-6, FLUVIAL-II, and SEDIMENT-4H movable-bed models for the Salt River
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The c~uter model and c~utation time reported by each modeler are
summarized in table 33.

Table 27 lists water-surface elevations at peak flow predicted by HEC
using the HEC-6 movable-bed model, and the HEC-6 and HEC-2 fixed-bed models.
The differences among these predictions of the three models are seen to be
Ilinute. It is of interest that in spite of cumulative bed dep.osition of 5.4
ft at a river distance of 15,500 ft, the water-surface elevation predicted by
the HEC-6 movable-bed model was only 0.5 ft higher than that predicted by HEC­
~, as seen in tables 24 and 27. Figure 33 shows two water-surface profiles at
peak flow predicted by SDSU using HEC-2 and FLUVIAL-II; no significant
differences are seen between them, although major thalweg degradation was
predicted by FLUVIAL-II, as seen in table 25 (compare YO with Y).

Longitudinal distributions of mean flow velocities computed by the HEC-6,
FLUVIAL-II, and SEDIMENT-4H movable-bed models are shown in figure 34. Since
mean velocities of HEC2SR were very nearly equal to those of HEC-6, they are
not plotted in the figure in order to simplify the graphic presentation. HEC­
6 is seen to predict very high mean velocities in c~arison with the other
two models. The predicted total-load discharges at peak flow are compared in
figure 35 (see table 28 also). Substantial differences among the predictions
are seen. HEC-6 did not include transport of cobbl es (si zes larger than 64
ftIIl) or fines (finer than 0.125 ftIIl) because of a program Hmitation for the
former and a lack of measured data for the latter. Note that RMA tested two
movable-bed cases for constant median bed-material diameters of 10 mm and 60
ftIIl. Total-load discharges given in tible 28 correspond to a median size of 60

mm according to their raw computer output, although in table 28 the medhn
diameter is listed as 10 RIll, the value reported by RMA. Post-flood median
sizes predicted by HEC2SR, HEC-6, and FLUVIAL-ll are presented in table 28.
Median sizes at peak flow predicted by these three models are shown in figure
36. HEC2SR and FLUVIAL-ll predicted armoring effects; however, finer sizes
were predicted by HEC-6 because HEC-6 did not consider cobbles.

Finally, thalweg and water-surface elevations for rising and falling
stages computed by HEC2SR, HEC-6, FLUVIAL-II and SEDIMENT-4H are presented in
tables 29, 30, 31, and 32, respectively. As can be seen in tables 29 and 30,
water-surface elevations predicted by HEC2SR and HEC-6 for rising and falling
stages at discharges of 95,040 cfs and 102,Oao cfs, respectively, agree fairly
well.
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SALT RIVER I HEC-6
X .'1 H2 H3 Q

FT FT FT FT CFS
.====•••••••=••••====••====•••••••

·0 1089.8 1089.7 1089.7 17'000
150 ~ 1092.0 1092.0 1091.8 17'000
450 1093.2 1092.7 1092.5 17'000
800 1193.0 1093.7 1093.1 176000
910 1094.2 1095.0 1094.8 176000

1520 1096.4 1097.3 1097.8 176000
1920 1099.0 1099.9 1100.3 176000
2520 1099.7 1100.2 1100.6 176000
~120 1101.0 1101.0 1101.2 176000
3520 110t.4 1101.4 1101.4 176000
4240 1102.8 1102.8 1102.8 176000
4040 ·1104.5 1104.7 1104.5 176000
5440 1105.7 1105.8 1105.6 176000
6040 1106.2 1106.5 1106.8 176000
6910 1110.2 1111.0 1110.4 176000 ­
7310 1111.5 1111.9 1111.3 17bOOO
7510 1110.9 1111.1 1110.5 176000
7660 1111.9 1112.9 1112.9 17bOOO
7860 1114.1 1115.0 1114.7 176000
8260 1115.1 1116.0 1115.6 17bOOO
8920 1116.4 1117.0 1116.6 176000
9520 1117.7 1118.1 1117.7 17bOOO

10120 1119.1 1119.5 1119.0 176000
10320 1119.6 1119.9 1119.5 17bOOO
10720 1121.2 1121.3 1120.9 176000
11120 1122.7 1123.2 1122.4 176000
11320 1122.9 1123.2 1122.6 176000
11520 1123.0 1123.3 1122.8 176000
11730 1124.4 1124.7 1124.1 176000
12150 1125.2 1125.4 1124.7 176000
12570 1125.6 1125.8 1125.1 176000
12990 112b.3 1126.4 1125.6 17bOOO
13640 1130.1 1130.2 1130.4 176000
14440 1133.0 1134.0 1133.4 176000
15500 1135.2 1135.1 1134.7 176000
16620 113b.4 1136.0 1'35.5 17bOOO
17080 1139.8 1140.1 1139.4 176000
19520 1144.2 1144.2 1143.3 176000
20020 1145.7 1145.7 1144.9 176000
21020 1146.4 1146.3 1145.4 176000
22920 1147.6 1147.6 1146.6 176000
====:===:===========:===:====::===
X -RIVER DISTANCE
Hl=W.S. EL. DY HEC-6 (MOVABLE BED)
H2=W.5. EL. BY HEC-6 (FIXED BCD)
H3=W.S. EL. BY HEC-2 (rIXED BCD)
g sPEAK FLOW "'ATER DISCHARGE

Table 27 Water-surface elevations computed by the HEC-6 movable-bed
and fixed-bed models and HEC-2 for the Salt River



'.. _._ .... .-.. -... .- --~ ~- -- :-_---------- :--. ~

•

Figure 33

;

!
f
I

t
~ .

i

f,
I
1

­o
N

Comparison of water-surface profiles at peak flow computed by SDSU using HEC-2 and
FLUVIAL-II •

1110

1130

1150 I I I I I I I I I I I 1....--. I

~
....-:::::::----SALT RIVER.

--- HEC-2 (FIXED-BED) ~ .............""-.
_.- FLUVIAL-ll (MOVABLE-BED) ,,'-;""'- / '.

".~. ,
b / .......... /

~r /" ,_.

~ A /
~ /t. J'V' / \...

~ tI
~~ /"'1';;

tI r'
/"--'-­

/'v'
". /.
~.

1070 ' , I , , I I I I I I I I

o 4 8 12 16 20 24

RIVER DISTANCE (FT:)( 10-3
)

3:o
..J
U.

~
~
lLJ
D-
C)
Z
0::
:::>
o
.J
lLJ

en
;: 1090
CO
C)
lLJ
3:
-I
~
J:....

-~
u.-

-- _.. _- 11I)'0



lIo,

20 i I I I I I I I I I I I I

-en
"t-:
IJ..->­
t--o
o
~ 10
>
=:
9
IJ..
Z 5
«
w
~

" ~,\ ,\, \ ,
\ f \'" ,

\........----\\

,-"

----//

SALT RIVER
HEC-6
FLUVIAL-ll
SEDIMENT-4H

I,
f,,,,,

f ,, ', ,, \, -'
f •
LJ"

,,,
I,

I I, :
, I

I I, "

, , !, "

',,/
-ow

0
0 4 8 12 16

RIVER DISTANCE (Fl: x 10-')

24

Figure 34 Longitudinal distributions of mean flow velocity at peak flow computed using the·HEC-6,
FLUVIAL-Ii, and SEDIMENT-4H movable-bed models for the Salt River
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Figure 35 Total-load discharges at peak flow predicted by HEC2SR, HEC-6, FLUVIAL-II, and SEDlMENT-4H
for the Salt River

....-. .'" .._.- .-.....- ..--- ~. .... ..... ...... ._. III



'.
••
••I

I
~

I
I

,

105

c=====: ===_===.!,;; ••==:,. == I

SAlT' , ., .,
!!.~'~I[C~\(FLWIAl-1U' CtEC2SI) L (SDl~-4H)

J lSIII IT ISIFI IT tslF' IT ISIF\ x IT tslF

" "" TID "" Til "" Til .. ," Til •az::::::====::=:::=========_a ==c 2 i _--=====~&:aLL&

• 64.' S81J2. 35.48 1539111 144.89 23.6111 49 1311 118.11 1'.1 .
15. 64.' 575881 31.59 153911. 163.14 23.611' 49 Itsl 1114••0 11.1
45. 64.1 487681 lS.59 1556331 163.43 2316111 49 2S11 929111 n.'
, •• 64.1 45471. 19.89 148211. 161.38 231611. 41 3151 963181 11.'
II 64.' 421.BI 1.45 1314361 159.55 2316.1147 3611 11.5••1 11.1

1521 64.' 349690 14.32 1348880 2.11 23.611. 47 4211 l11B8.0 II.'
t'21 64.' 323211 21.61 1311731 2.59 2321441 81 485. 991..1 11.1
2521 64.1 32693. 2.29 1333.11 4.48 2321441 81 5451 949800 to.1
3121 64.1 312331 7.2S 13121S1 13.18 2321440 81 62'0 881111 11.1
3521 64.1 385960 11.61 1391940 19.'4 2284790 21 6901 826000 11.'
42..1 64.' 396041 16.25 1414321 26.68 2284791 21 1500 796111 II.'
4848 64.1 41321' 19.86 1418028 45.'2 2284791 21 185. 757000 18.'
544. 64.' 427591 19.18 1414511 48.'9 2284791 21 8381 69711. 11.'
6141 64.' 35148. ZZ.t114Z7380 73.88 2264580 94 8'100 637.00 II.'
6911 64.1 345011 25.84 1415160 ts.8S 2264581 94 95G1 meeD 11..
731. 64.' 375828 18.59 1413BSO 92.44 22.2860 84 IllS. 534008 I' .•
7511 64.1 381181 3.17 1415561 117.22 2282860 84 1170' 4971'0 1'.1
166. 64.' 333551 11.85 1395800 111.46 22.286. 84 l11S0 .468000 II.'
78'1 64.1 329861 24.47 1387240 111.11 2282861 B4 11401 450'10 11.'
8261 64.1 322851 26.311316921 69.84 2151421 54 11151 425800 11.1
8921 64.' 32733. 26.19 1371511 17.11 2151428 54 12110 403.10 11.1
952. 64.1 331200 26.69 1361691 82.74 2151420 54 12551 393000 11.'

tl121 64.1 335420 28.91 1331.2. 114.41 2151421 54 13101 386811 11.1
11321 64.1 335051 31.47 1335100 113.92 2.50160 26 13451 377100 II.'
10721 64.1 336380 35.31 131383. 94.37 2150060 26 14851 339101 11.1
11121 64.1 334550 27.71 1311231 91.92 2150168 26 14600 259100 11.1
11321 64.1 337648 24.77 132.480 94.11 215.061 26 lSS18 199510 11.1
11521 64.1 34426D 1.22 1292520 l1S.41 2150D61 26 166DI 115900 1'.0
11731 64.1 371611 3.33 1297781 98.12 2150161 26 17808 129310 11. I
121S. 64.1 419150 8.63 1342761 lt6.4' 1963151 46 19101 58230 1'.'
12571 64.1 564380 24.23 134845. lIS.89 1963050 46 19801 36DI' II.'
12990 64.1 495461 21.61 1345750 118.31 1963050 46 2.80. 41SI0 18.8
13MI 64.1434371 31.'8 1432228 113.63 1963150 46 21S8I 46888 11.'
14440 64.1 424498 29.47 1357850 117.23 1963'58 46 22901 62110 18.'
i5S08 64.1 419861 9.11 1215158 112.37 1948918 11 - - -
1662D 64.1 537800 25.96 1439331 71.51 194890D 17 -
11881 64.1 SBL'851 24.'5 1478691 88.45 1940911 17 -
19521 64.1 56B581 27.46 1446451 144.83 1940191 33 -
21821 64.1 593660 2.76 1448731 16.81 1940190 33 -
21820 64. I 689571 25.93 1578961 31.81 2271650 49 -
22921 64.1 713841 24.12 1689341 61.89 2271651 49 -

==================---=================================
Jt & SECTION I.D.
X =lIVER DISTANCE
»SII = JNITIAl MEDIAN SIZE IF BED t1ATERIAl (PRE-flOOD)
D51F =FINAl KEDIAN SIZE OF BED "ATERIAl (POST-FlDOD)
IT =TOTAl-lOAD DISCHARGE AT PEAK-FLOW DISCHARGE IF 176,111 crs

Table 28 Total-load discharges at peak flow and final median bed-material
sizes canputed by HEC2SR, HEC-6, FLUVIAL-ll, and SEDlMENT-4H
for the Salt River
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SALT RIVER: HEC2SR
X YR HR YFA HFA

o 1119.2 1086.2 1019.2 10S6.S
150 1019.3 1088.2 1019.3 10BO.5
450 1079.6 1089.0 1019.6 1089.4
800 1019.1 1090.2 1010.4 1090.8
910 1019.1 1090.6 1019.4 1091.2

1520 1019.S 1092.2 1019.1 1092.4
1921 lt81.9 1093.S 1081.8 1093.4
252D 1082.9 1094.1 1082.8 1094.3
3120 10SS.S 1095.5 1005.6 1096.2
3520 1085.3 1096.5 1084.9 1097.4
4240 1001.1 1098.5 1086.B 1090.9
48401080.~ 1100.6 108B.2 1100.9
5440 1090.2 1101.8 1089.9 liO~.i

6040 1090.B 1103.2 1088.9 1103.1
6910 1093.0 1105.0 1091.1 110~.2

1310 1093.1 1106.9 1090.3 1106.3
1510 1093.4 1106.8 1090.4 1106.3
1660 1093.9 1101.S 1090.8 1106.5
1360 1094.S 1108.1 1091.1 1107.2
8260 1096.0 1109.4 1094.5 1107.1
8920 1093.5 1111.1 1096.2 1109.8
9520 1100.1 1112.1 1097.8 1111.3

10120 1101.7 1114.3 1099.5 1113.0
10320 1100.6 1115.3 1098.3 1113.9
10720 1102.2 1115.8 1099.8 1114.4
11120 1103.4 1116.5 1101.2 1115.1
11320 1104.1 1116.7 1101.9 111~.7

11520 1104.8 1111.2 1102.5 1116.6
11730 1105.7 1119.2 1103.0 1110.3
12150 1107.7 1119.6 1106.9 1119.1
12570 1109.2 1121.2 1103.4 1121.2
12990 1110.7 1122.9 1109.9 1123.0
13640 1115.6 1128.1 1114.9 1120.2
14440 1116.3 1130.8 1115.8 1130.9
15500 1118.0 1131.8 1117.9 1131.9
16620 1120.0 1133.3 1120.7 1133.5
17880 1125.7 1136.7 1125.6 1136.9
19520 1132.3 1140.9 1134.1 1~42.1
20320 1130.7 1142.5 1132.6 1144.3
21020 1131.2 1143.2 1131.2 1145.0
22920 1129.0 1144.4 1129.0 114~.4

X .RIVER DISTANCE
YR -THALWEG EL AT Q=9~1040 crs (RISING StAGE)
UR -W.S. EL AT Q=9S .• 040 CFS (RISING STAGE)
YfA=THALWEG EL AT 0=102.000 crs (FALLING STAGE)
UFA=W.S. EL AT Q=102 1030 CFS (FALLING STAGE)

Table 29 Thalweg and water-surface elevations during rising and falling
stages computed by HEC2SR for the Salt River
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Table 30 Thalweg and water~surface elevations during rising and falling
stages computed by HEC-6 for the Salt River
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FTFT FT

SALT RIVER I HEC··6
X YR HR YFA HFA

.....-.-_. -_._...~_ .. - _ .--'-- ..........._""""'-=__. * ....._-..•...0-.__....... .~
- =-......,
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I
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X -RIVER DISTANCE ~

YR =THALWEG EL AT Q=9S.040 ers (RISING STAGE)
I-IR -W.S. EL AT g=9S~040 eFS (RISING STAGE)
YFA=THALWCG EL AT 0=102.080 ers (FALLING STAGE)
HFA=W.S. EL AT g=102~000 eFS (FALLING STAGE)

o 1~79.3 1086.3 1079.3 1086.6
150 1079.1 1088.5 1078.6 1089.2
450 1079.4 1089.2 1073.7 1089.7
800 1079.S 1090.1 1079.7 1090.4
910 1079.9 1090.7 1079.0 1090.6

1520 1090.6 1092.5 1090.3 1092.1
1920 1082.9 1093.9 1083.0 1093.8
2520 10B2.3 1095.0 1003.8 1095.0
3120 1084.4 1095.9 1084.7 1097.0
3520 1005.4 1096.8 1085.4 1097.7
4240 1087.1 1098.9 1096.9 1099.3
4840 10BO.0 1100.9 100B.7 1101.1
5440 1090.3 1102.2 1090.0 1102.5
6040 1091.0 1103.1 1090.4 1103.2
6910 1093.9 1106.3 1094.0 1106.3
7310 1094.5 1107.4' 1094.1 1107.0
7510 1094.6 1107.4 1093.9 1107.9
7660 1095.3 1107.9 1094.5 1108.2
7a60 1096.3 1109.3 1095.5 1109.4
8260 1097.9 1110.4 1097.7 1110.3
3920 1099.3 1112.0 1099.1 1112.2
9520 1100.7 1113.4 1100.7 1113.6

10120 1102.2 1114.9 1101.9 1115.2
10320 1103.2 1115.4 1103.1 1115.6
10720 1104.1 1116.7 1103.1 1117.0
11120 1106.2 1118.4 1101.5 1110.0
11320 1105.S 1119.4 1105.3 1118.9
11520 1106.5 1118.4 110b.6 1118.9
11130 1107.6 1119.9 1106.9 1120.3
12150 1109.7 1121.2 1110.3 1121.4
12570 1111.2 1122.1 1112.0 1122.5
12990 1112.6 1123.4 1112.5 1123.9
13640 1116.0 1128.5 1115.4 1120.6
14440 1111.7 1131.2 1117.5 1131.4
15500 1120.3 1132.2 1127.1 1132.8
16620 1120.7 1133.7 1120.8 1134.0
11880 1125.9 1131.2 1125.6 1137.3
19520 1131.1 1141.4 1131.1 1141.7
20820 1129.7 1142.9 1130.9 1143.3
21020 1131.1 1143.1 1131.0 1143.7
22920 1129.0 1145.3 1129.2 1145.6
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SALT RIVER. FLUVIAL-l1
X YR HR YFA HrA

109

o la19.2 1086.2 1019.2 10S6.1
150 t019.6 t098.4 1000.2 1090.2
450 t080.1 1089.0 1091.2 1089.6
800 1002 .• 1090.3 1003.1 1092.3
910 1019.3 1093.S 1092.3 1093.1

1520 1000.3 1094.2 1083.8 1095.6
1920 1083.9 1095.2 1086.3 1091.2
2520 1005.1 1095.6 1006.9 1091.8
3120 1085.0 1096.6 1087.1 1098.6
3520 1006.0 1091.3 1006.1 1099.0
4240 1090.0 1099.1 1087.4 1100~4

4040 1092.9 1100.1 10BB.4 1101.6
5440 1091.3 1102.1 1089.3 1102.8
6040 1092.1 1103.6 1091.2 1104.1
6910 1096.8 1106.3 1092.3 1106.2
7310 1096.3 1101.4 1093.0 1101.3
1510 1094.S 1101.1 1097.1 1108.3
7660 1096.4 110S.4 1096.4 1108.6
7860 1096.8 1109.3 1096.2 1109.1
9260 1100.3 1110.41096.6 1110.2
8920 1100.0 1111.9 1098.3 1111.9
9520 1100.0 1113.3 1101.1 1113.4

10120 1102.2 1114.0 1104.9 1115.0
10320 1102.0 1115.3 1102.6 1115.4
10720 1104.3 1116.5 1104.3 1116.8
11120 1107.9 111'.S 1101.1 1111.9
11320 1106.2 1118.3 1101.8 1110.4
11520 1106.. 5 1118.8 1110.9 1119.0
11130 1110.4 1119.1 1111.4 1119.8
12150 1115.5 1120.8 1112.1 1121.3
12510 1111.6 1122.0 1114.1 1122.8
12990 1114.2 1123.S 1116.4 1124.5
13640 1114.2 1121.0 1114.2 1126.8
14440 1120.2 1130.1 1124.0 1129.S
15500 1122.0 1132.3 1129.2 1132.8
16620 1125.9 1134.0 1129.2 1135.1
17a8~ 1126.0 1137.2 1126.6 1131.5
19520 1132.9 1141.5 1135.8 1141.6
20820 1134.1 1143.1 1139.2 1144.2
21020 1132.1 1144.1 1134.8 114S.~

22920 1129.0 1145.8 1129.0 1147.4

X -RIVER DISTANCE
YR -THAlWCG CL AT 0=94.400 crs (RISING STAGE)
UR =W.S. EL AT 0=94~400 CFS(RI~ING STAGE)
YFA=THAlWCG CL AT 0=10~.400 crs (FALLING STAGE)
IIFA=W.S. EL AT 0=106:400 CFS (rALlING STAGE)

Thalweg and water-surface elevations during rising and falling
stages computed by FLUVIAL-ll for the Salt River

Table 31
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Thalweg and water-surface elevations during rising and falling
stages computed by SEDlMENT-4H for the Salt River

ID • SeCTION ID
x • RIVER DISTANCE
YR • THALWeG EL AT 0=92.110 ers (RISING DTAGE)
UR • U.S. EL AT g=92~11D eFS (RISING STAGE)
yrA- THALWeG EL AT 0=104.530 ers (FALLING STAGE)
UFA= W.S. EL AT g=104~530 eFS (FALLING STAGE) '.
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SALT RIVER: SEDIHENT-4H
ID X YR HR YFA HFA
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5 1300 10eO.5 1095.3 1079.3 1095.8
6 1950 1081.0 1095.9 1080.0 1096.4
7 2500 1082.2 1096.5 1081.4 1097.2
B 3050 1004.0 1097.1 1083.1 1097.9
9 3600 1085.4 1097.9 1084.1 1098.7

10 4200 1007.1 1099.2 1085.~ 1099.7
11 4850 108S.7 1100.5 1087.1 1100.8
12 5450 1090.0 1101.9 1087.9 1102.0
13 6200 1092.0 1104.2 1099.1 1103.?
14 6900 1094.3 1106.9 1091.2 1105.8
15 7500 1095.8 1108.7 1092.5 1107.3
16 78S0 1096.5 1109~7 1093.8 1108.3
17 8300 1097.7 1110.8 1095.2 1109.5
18 8900 1099.1 1112.1 1096.5 1111.0
19 9500 1100.9 1113.7 109B.l 111~.7

20 10150 1102.7 1115.3 1100.3 1114.2
21 10700 1104.4 1116.6 1102.3 1115.5
22 11050 1105.8 1117.7 1103.7 1116.7
23 11400 1107.1 1118.6 1104.9 1117.8
24 11750 1100.2 1119.5 1106.3 1118.9
25 12100 1109.6 1120.6 1107.7 1120.4
2b 12550 1111.0 1121.0 1109.0 1122.1
27 13000 1112.6 1123.2 1110.1 1123.8
28 13450 1115.4 1125.1 1111.8 1125.6
29 14050 1117.5 1128.4 1114.3 1120.6
30 14600 1118.0 1131.0 1116.1 1131.2
31 15500 1119.6 1132.2 1110.4 1132.5
32 16600 1122.8 1134.2 1122.0 1134.5
33 17800 1126.9 1137.7 1125.3 1137.4
34 19100 1130.6 1140.2 1130.5 1139.7
35 19800 1132.0 1140.9 1132.1 1140.8
36 20800 1131.8 1142.0 1132.0 1142.3
37 21800 1131.3 1143.7 1131.3 1144.3
38 22900 1130.6 1146.0 1129.6~1146.3

Table 32
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S2b.S
209.1

1 , 291.0
1,200.0

CPU TIHE
COMPUTER HODEL, (SEC)

CDC CYBER 112
CDC CYBER 112
VAX 11/780
PRIME SSO

HODE

MOVABLE-BED
MOVAtILE-BED
MOVABLE-BED
MOVABLE-BED

HODEL

HEC2SR MOVABLE-BED CDC CYBER 112 530.0
HEC-b MOVABLE-BED CDC 1600 11.6
HEC-6 FIXED-BED* CDC 1600 0.4
HEC-2 FIXED-BED* CDC 1600 O.b
FLUVIAL"-11 MOVAIcLE-BED VAX 11/780 031.0
SEDIMENT-4H MOVABLE-BED PRIME SSO '~200.0

HEC2SR
UUWSR
FLUVIAL-II
SEDIHENT-4H

<SALT RIVER)
---------------------------------------------_._-------

--------------------------------------_._--------------
<SAN DIEGUITO RIVER)

======================================================*: FOR A PEAK DISCHARGE ONLY

111

(SAN LORENZO RIVER)
-----------------------------------------------~------

======================================================
-HEC2SR' MOVABLE-BED CDC CYIIER 112 800.0

KUWASER MOVABLE-BED CDC CYBER 112 111.1
UUWSR MOVABLE-BED CDC CYBER 112 210.0
HEC-6 MOVABLE-BED CDC 7600 13.S
HEC-6 MOVABLE-BED HARRIS SOO 199.1
HEC-6 FIXED-BED* CDC 1600 0.3
HEC-6 FIXED-BED* HARRIS 500 9.1
HEC-2 FIXED-BED* CDC 7600 O.S
HEC-2 FIXED-BED* HARRIS SOO 14.3
FLUVIAL-II MOVABLE-BED VAX 11/780 606.0
SEDIMENT-4H MOVABLE-BED PRIME S50 1 , 200.0

Table 33 List of computer models used in the present study and their
computing times
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Y. LIMITATIONS OF ALLUYIAL-RIVER-FLOW MODELS

The cQq>uter-based alluvial-river flow models utilized in this study

account for the effects of changes in river-bed elevation on flood stages.

Degradation or aggradation occurs in a subreach when the sediment-transport

capacity of the flow at the upstream boundary of a reach differs from that at

the downstream boundary. Degradation results when the sediment output across

the downstream boundary of the reach exceeds the sediment input into the
upstream end of the r~ach, while aggradation occurs when the sediment input

exceeds the output. These sediment-transport imbalances occur along the river

reach when there is a change in flow characteristics or the sediment input to

the reach is changed without acconpanying changes in the sediment-transport

capacity. Alluvial-river-flow models compute changes in river-bed elevation

(degradation or aggradation) by means of the sediment-continuity equation, and

determine the new flow field on the basis of the altered bed elevation and

slope using the flow-continuity and the flow-momentum or flow-energy

equations. Interaction or feedback between changing river bed and flow

characteristics is handled by the numerical schemes described in ~hapter II.
COIIIlIon to all alluvia1-river-flow models are requirements for input data on

channel geometry, sediment, and hydrologic characteristics. The input-data

requirements for the individual models tested in the present study are

summarhed in Chapter II. Even if adequate data are provided for a study

river, there still remains a need to calibrate and verify the model by means

of field data. In most natural rivers, only extremely limited geometric,

sediment, and hydrologic field data are available for high flood stages, and,

consequently, adequate calibration or verification of the models usually

cannot be obtained.

The limitations of the individual models tested are described in Chapter

II, and attention here will be focused on several inportant considerations

that may explain some of the discrepancies among the computed results

presented in Chapter IV. First, it should be pointed out that the initial

channel-geometry condition is in general not completely known. Strictly
speaking, the initial condition must be specified at the time a lOO-year-flood

simulation is initiated. In most practical cases, rather old river cross-

113
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section profiles are provided as input data; however. the river geometry may

in reality be undergoing changes in a somewhat random manner as a consequence

of floods during the period between the time of cross-section surveys and the

lOO-year flood. This means that a movable-bed model should have the

capability of predicting the random initial condition by statistical means

using flood-frequency records. Randomness of the initial conditions has not

b~n incorPorated into any of the available models.

Second. the bed-armoring process during channel degradation is not well

understood. and has not been adequately formulated.. Armoring and the result

coarsening of the bed-material size have a direct effect on the sediment­

discharge capacity and the channel roughness or bed friction factor. and.

thereby. impact on the velocity. depth. and energy slope of the flow.

Moreover. bed armoring greatly impedes degradation. Finally. the field data

available on the horizontal and vertical distributions of bed-material size

generally are inadequate to make use of even the imperfect armoring

formulations available. Many of the seeming anomalies and discrepancies in

the results computed by the various models presented in Chapter IV may have

resulted from the differences among the armoring and bed-material sorting

formulations utilized. In order to stress this point. the median-bed sizes

predicted by different models at narrow and wide cross sections during peak

flow are summarized in table 34 for SDR and SR. At narrow. constricted cross

sections. channel degradation and attendant armoring (or coarsening of the

bed-material size) are generally expected during peak flow. However. as seen

in table 34. only HEC2SR predicted the coarsening at the narrower sections for

both SDR and SR. However. the final SDR post-flood median bed-material size

predicted by HEC2SR at a river distance of 3.600 ft is coarser than that

computed during peak flow. FlUVIAl-ll predicted the coarser post-flood bed­

material sizes at the narrower sections for both SDR and SR. Because each

sediment-transport function has its own independent variables. the

characteristics of the sediment-transport formula in an alluvial-river-flow

model have a strong effect on the flow characteristics and the sediment­

discharge prediction. As has been pointed out in Chapter IV. greatly

di fferent sediment discharges were predicted by the models tested in thi s

study.
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=============a=================================

-~------------------------------~--------------

0.92
0.30

D50F
MM

10.0
10.0

107.2
103.6

0.86
0.38

D50
MM

10.0
10.0

11.6
1.2

V
FT/S

13.2
10.3

i4.7 98.3
10.4 116.2

W
FT

1'10
1.143

857
2,921

897
3,264

X
FT

3,600
4,350

7,510
13,640

= RIVER DISTANCE
= COMPUTED TOP WIDTH AT PEAK FLOW
='COMPUTED MEDIAN DIAMETER OF BED MATERIAL AT PEAK FLOW
= COMPUTED POST-FLOOD MEDIAN DIAMETER OF BED MATERIAL= SEDIMENT-4H DOES NOT CONSIDER SEDIMENT SORTING
= HEC-6 DID NOT CONSIDER TRANSPORT OF COBBLES (COARSER

THAN 64 MM) OR WASH LOAD (FINER THAN 0.125 MM) FOR SR

HEC2SR

115

============~==================================

SALT RIVER

FLUVIAL-II 3,600 266 6.9 0.27 0.28
f

4,350 829 5.1 0.28 0.30
-----------------------------------------------
SEDIMENT-4H* 4,200 237 9.0 0.46 0.46

4,950 944 1.8 0.46 0.46

SAN DIEGUITO RIVER

x
W
DSO
D50F

***

SEDIKENT-4H* '1 / 500
13 / 450

FLUVIAL-1i

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

===============================================

-=============a===================c============

-=_.====:=============-=:======================

HEC2SR '1,510 645 15.6 126.0 84.0
13,640 1,513 12.3 108.0 46.0

. -----------------------------------------------
HEC-6** 7,510 850 19.3 24.8 3.8

13,640 3,045 16.4 28.4 30.1

Table 34 Typical median bed-material sizes computed during peak flow
and post-flood bed-material sizes for the San Dieguito and
Salt Rivers
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Third, it should be pointed out that the boundary conditions ap~lied to
all uv1al-river-fl ow model splay ifl1)ortant roles in thei r simulations. For
exafl1)le, if the upstream sediment input is a boundary condition and is greater
than the eomputed sediment-transport capacity of the flow at the first cross
section, the first subreach will aggrade until the bed slope increases until
the ifl1)osed sediment discharge is transported by the resulting increased flow
¥elocity.' the local aggradation propagates downstream until the entire reach
is sufficiently steep to produce a velocity that is cOfl1)etent to pass the
imposed sediment discharge through the system. The boundary condition used to
account for erodible banks 15 also extremely ifl1)ortant in cases where banks
are susceptible to erosion during floods. Unless some computational means are
efI1)loyed to account for changing movable-bed width, predicted flood levels in
rivers with very erodible banks become less reliable. FLUVIAL-11 is the only
model among the models tested in this study that incorporates width
variations.

Finally, the effects of uncertainty surrounding variations in the channel,
roughness or friction factor on flooded stages are not well understood.
Because of the strong dependence of the friction factor on the sediment
discharges, the effects of suspended- and bed-load sediment on the friction
factor should be accounted for.
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YI. StIItARY, CONCLUSIONS, AND RECOMMENDATIONS

The report sUllll1aries that were prepared and submitted in letter form to
the Committee by the individual modelers are first quoted, in order to present
their views regarding their modeling experience in the present study.

SDSU. "If a river channel is in the state of approximate equilibrium,
river-channel changes during floods are usually not sufficiently
significant to result in major differences in the flood level. Such are
the cases for the San Lorenzo River and the Salt River. However, if the
natural equilibrium of a river is significantly distorted, river-channel
changes during floods are such that major differences 1n the flood level
can be expected. Such is the case for the San Dieguito River, for which

~

­
I'
I.
I
•

I
1. SLA. MIn general, the conventional rigid-boundary flood analysis based on

I
HEC-.$! is adequate for a river system experiencing adequate armoring
control, equilibrium or near equilibrium conditions. However, this
method of analysis underestimates or overestimates the flood level in a'I reach that has experienced significant aggradation or degradation before
the flood peak. lhe results of application of HEC2SR, KUWASER, and UUWSR

, to the study reaches are very similar. Minor differences are a product
of the various assumptions associated with the individual models. While

I each model 1s especially applicable to specific situations, we recommend
adoption of HEC2SR. The primary advantage of this model is its

,. compatibility with HEC-2. This feature would expedUe application of

I
HEC2SR to flood insurance studies."

, ..;;2~•.--;H_E_C~. "With regard to the subject of the study, it should be noted that,

I
as the hydraulic computations in both HEC-2 and HEC-6 are steady state,
neither one can be accurately termed a "flood routing model". In
general, the computed water surface profiles for the peak flood
discharges differed little between the fixed-bed and movable-bed

I simulations. This may be due to certain peculiarities of the data

!'", , sets. The Salt River data set, as provided, included no information on
inflowing sediment load, an essential ingredient of movable bed river
modeling. The inflowing load had to be assumed to be in equilibrium with

[II the bed material throughout the range of discharges on the flood
hydrograph. Therefore, little scour or deposition would be expected, as
is seen in the simulation results. The San Lorenzo River flood event wasI of very short duration. It appears that this factor, plus localII • hydraul ic 1c

l
onbtrdollat tt~e tihdal downsFtretam

h
boundary chonditiotn, min~mizel s

any overa e e eva 10n c anges. ur ermore, we ave no prev10us y

I applied HEC-6 to short-term, single flood event simulations. We

II

' certainly would not conclude that fixed and movable boundary simulations
will always produce similar water surface profiles as these results
indicate. Because no data were provided for model calibration, these

1

'1,,. results should not be considered to be an engineering analysis of water
surface profiles. Use of these results should be limited to intermodel
compari sons ".

II 3.
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the water-surface profile as well as special variations in velocity
obtained using the fixed-bed model are shown to be unrealistic; the
computed flood level is not substantiated by measured data. _On the ~ther
hand, the FLUVIAL-llresults are supported by measured data. Since a
'small difference in flood level may 1nvol ve a lifge-d1fferencf! in the
inundated area, the accuracy of flood-level prediction is of major
importance in flood-plain management. River-channel changes may include
channel-bed aggradation and degradaton, width variation, and lateral
migration in channel bends. These changes are interrelated as they may

• occur concurrently. Changes in channel-bed elevation are inseparable
from changes in channel width because a channel tends to become narrower
during degradation while it tends to widen during aggradation.
Therefore, a hydrodynamic model for erodible channels must include these
variabl es. "

4. RMA. "The accuracy of model simulations depend on the accuracy with which
initial condit ions, sediment properties, etc., are speci fied. In all of
the cases we modeled, the data available were sparse and certainly
insufficient for using model results for design. We have been able to
demonstrate here, however, the significance of· accounting for bottom
changes in flood routing."

The principal conclusions and recommendations arrived at by the Committee

in this study may be summarized as follows:

1. None of the movable-bed models evaluated was found to yield wholly

satisfactory results. However, all of the models seem to make reasonably

accurate predictions of flood water-surface profiles provided appropriate

friction factors are utilized in the computations. This conclusion is

attested to by the fact that the HEC2SR, HEC-6, FLUVIAL-ll, and SEDIMENT-4H

movable-bed models all predicted closely the water-surface profiles for the

lower reach of SLR (X c °- 10,150 ft), for which Manning's n values obtained

from the February 1980 flood records were provided in the input. At over one­

half of the stations in this reach, the difference between the highest and

lowest stages predicted by the four models were not more than two feet.

However, water-surface profiles predicted by the same models for the upper

reach of this study section deviated widely, apparently because the available

field data were inadequate to detenmine n values. It is concluded, therefore,

that a major deficiency of all movable-bed models 15 their inability to

accurately predict channel roughness or friction factor from the input

variables provided. 8ecause the friction factor has a major effect on river

stages, this deficiency is a major one.
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2. The effects of uncerta.inty surrounding variations in the channel
roughness on flood stages are far greater than the effects of bed erodibility
and the attendant degradation/aggradation. Accordingly, until models are
developed which include better friction-factor or channel-roughness
predictors, and then except in situations in which extensive input and
calibration data on channel geometry, bed-material c~osition, water and
sediment hydrographs, etc. are available, the added cost of utilizing movable-. .
bed rather than fixed-bed models 1s not justified in most cases.

3. An exception to the recommendation set forth in item 2, above, arises
in the case of severely disturbed rivers (e.g., by channel straightening or
aggregate mining). or channels in very unstable conditions. If adequate input
and calibration data are available, erodible-bed models should be utilized in

these cases, because the large-scale geometry changes occurring during a flood
can have significant flood-stage effects. It is repeated, for emphasis, that
localized channel-bed degradation/aggradation has such minor effects on f100d­
stage elevations that this feature of channel change is masked by
uncertainties about the channel roughness and friction factor, initial
conditions, and sediment input to the study reach.

4. In order to instill more confidence in fixed-bed models, and to
provide guidance concerning the extent and accuracy of the input data required
to achieve a specified level of precision, there is a n~ed to undertake a
detailed sensitivity analysis of the results to such input variables as
channel roughness. channel slope, cross-section geometry, and input hydrograph
characteristics (including unsteadiness). In the HEC study of line Creek,
Mississippi (HEC, 1970), HEC-2 was found to be very sensitive to these
variables. In particular, the findings of this study showed that the
increases in water-surface levels attendant to larger values of Manning's n
tend to increase as channel slope decreases; the influence of inaccuracies in
channel cross-section geometry tends to increase as channel slope increases;
and the influence of discharge errors decreases with increasing channel slope.

5.' Because degradation and aggradation are the result of streamwise
gradients 1n the sediment-transport capacity of streams. a very reliable
sediment-transport relation 1s a prerequisite to reliable estimates of
channel-geometry changes. It is in the calculation of sediment-discharge

-----~"'-------~._-.__.- -. ,
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capacities that the various models examined differed most widely. The SlA

approach of expressing sediment-transport capacity as a power-law function of
local mean velocity and flow depth seems to be reasonable. provided that

adequate data are available for the stream being modeled to. eval uate the

coefficient and exponents appearing in the transport relation. As presently

'It11 i zed.. however. this app roach does not make an adequate accounting of the

critically important effects of bed armoring.

6. A .conspicuous stumbling block in making predictions of channel
degradation 15 the poor understanding and formulation of the bed-armoring

process, and the effect of armoring on channel roughness and the sediment­

discharge capacity of the flow. Until the formulation of these phenomena are

iq>roved, all movable-bed models are likely to be somewhat unreliable in

predicting thalweg-elevation changes. Iq>roved formulation of these phenomena

must, in turn, await further research.

7. Future alluvial-channel modeling efforts should be directed toward
improved incorporation of channel-width changes and Channel-pattern

migration. There is also a need to improve the formulation of large-scale,

abrupt, tributary-sediment inputs to rivers. The approach utilized by SDSU in

incorporating the$e featu~e~._~PP'ears to be in the 'righf-cl1rect1on._.. - - .~ _. . .. ". - . - - ..- -- -- _.- -

8. It is unlikely that a movable-bed model will be forthcoming that 15
applicable to all types of rivers. Instead, each model will be more

dependable for rivers of the type for which it was developed. Accordingly,

there is a need to undertake an effort to classify natural rivers in terms of

their hydraulic and geomorphological characteristics to provide for selection

and application of appropriate models that use appropriate, constituent

formulations for sediment discharge, channel roughness, bank erodibility, etc.

J
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APPENDIX: BIOGRAPHICAL SKETCHES OF COMMITTEE tEMBERS AND CONSULTANT

JOHN F. KENNEDY is Director of the Iowa Institute of Hydraulic Research and
Carver Distinguished Professor in the Energy Engineering Division ·of The
University of Iowa. He studied Civil Engineering at Notre Dame
University where he r.eceived the BSCE in 1955. He entered graduate
school at California Institute of Technology, where he received his M.S.
in 1956 and, after a period of service as a Second Lieutenant in the U.S.
Army Corps of Engineers, his Ph.D. in 1960, both in Civil Engineering.
He was a Research Fell ow at Caltech from 1960 to 1961, when he became
Assi stant Professor at Massachusetts Institute of Technology, where he
was promoted to the rank of Associate Professor in 1964. In 1966 he
accepted the position of Director of the Iowa Institute of Hydraul ic
Research and Professor of Fluid Mechanics at The University of Iowa.
From 1974 to 1976 he also served as Chairman of UI's Division of Energy
Engineering, and in July 1981 was named Carver Distinguished Professor.
He has received many awards; among these was his election to membership
in the National Academy of Engineering in 1973; receipt of ASCE's Stevens
(in 1961), Huber (in 1964), and Hilgard (in 1974 and 1978) prizes;
selection as ASCE's Hunter Rouse Lecturer in 1981; and his election to
the Presidency of the International Association for Hydraulic Research in
1980. He was re-elected to that office in 1982 and currently is serving
his second two-year term. His principal technical interests include
river hydraulics, ice engineering, cooling-tower technology, and density­
stratified flows.

DAVID R. DAWDY is a hydrologic consultant 1n San Francisco, California. He
received his B.A. in History 1n 1948 from Trinity University in San
Antonio, Texas, and his M.S. in Statistics 1n 1962 from Stanford
University. He served 25 years 1n the United States Geological Survey,
where he did research in statistical flood frequency' analysis, stochastic
simulation of streamflows, rainfall-runoff modeling, and resistance to
flow and sediment transport in alluvial streams. For the last 6 years he
has been in private consulting, involved with the National Flood
Insurance Program, design storm analysis for major dams in South America,
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and scour at river crossings. He 15 Chainnan. U.S. National COIIII1ittee
for International Association of ~drological Sciences; member. U.S.
National Committee for International Union of Geodesy and Geophysics; and
Adjunct Professor of Civil Engineering. University of Missis~ippi.

CARL F. NORDIN is a research hydrologist with the U.S. Geological Survey in
• Denver. Colorado. He received his B.S. and M.S. in Civil Engineering

from the University of New Mexico and his Ph.D. from Colorado State
University. He 15 a specialist on sediment transport in rivers. and on
stochastic processes in hydraulics and hydrology. He has served on
committees of the American Society of Civil Engineers. American
Geophysical Union. International Association for Hydraulic Research. and
the National Research Council.

JOHN C. SCHAAKE. Jr.. 15 presently responsible for the river and flood
forecast operations of the National Weather Service. His position is
Chief. Hydrologic services Division and he also serves as NWS Deputy
Associate Di rector for Hydrology. He fi rst joined the NWS in 1974 as
Deputy Director. ~drologic Research Laboratory. From 1968 to 1974. he
was a member of the MIT Civil Engineering Faculty. Prior to that he held

•joint appointments at the University of Florida in Environmental
Engineering and in Industrial and System Engineering. He received B.E.S.
and Ph.D. degrees from the John Hopkins University. and held a Post­
Doctoral Fellowship at Harvard University. Throughout his career. he has
been involved in areas of consulting engineering practice associated with
his research in urban hydrology. water resources planning and in both
stochastic and detennining modeling of hydrologic systems.

STANLEY A. SCHUMM is Professor of Geology at Colorado State University. Fort
Collins. Colorado. He received his B.A. in Geology from Upsala College
in 1950 and Ph.D. in Geomorphology from Columbia University in 1955. He
served 12 years as a geologist for the U.S. Geological Survey. He was a
Visiting Lecturer at the University of California. Berkeley from 1959 to
1960; and a Visiting Fellow at the University of Sydney. Australia. from
1964 to 1965. In 1967. he accepted his present position with Colorado
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State University and during 1972-1973 was Acting Associate Dean for

Research. He received the Horton Award in 1957 from the American

Geophysical Union, and in 1970 he received "Honorable Mention" for his

paper "Geomorphic Approach to Erosion Control in semiarid Regi.ons" from

the American Society of Agricultural Engineers. In 1979, he received the

Ki rk Bryan Award of the Geological Society of America for his book "The

~lluvial ·System." In 1980, he received the Distinguished Alumni Award

for scientific contributions from Upsala College and the l.W. Durrell

Award for res~arch and creativity from Colorado State University. He is

presently a member of the NAS-NRC Committee on Disposal of Excess

Spoil. He also has served on other technical and advisory Committees of

the National Research Council, Geological Society of America, American

Geophysical Union, International Geographical Union, American Society of

Civil Engineers, U.S. Forest Service and National Park Service.

VITO A. VANONI is Professor of Hydraulics Emeritus, California Institute of

Technology (Caltech), Pasadena, California. Since retiring in 1974, he

has been active in consulting on sedimentation problems. All of his

academic training was at Caltech where he received B.S., M.S., and Ph.D.

,degrees in Civil Engineering in 1926, 1932, and 1940, respectively. He

started his research in sedimentation with the U.S. Soil Conservation

Service in 1935 and continued it without interruption while on the

Caltech faculty, which he joined in 1947. His research has been

experimental in nature and has dealt mostly with the mechanics of

sediment suspension, flow resistance, teq>erature effects, and alluvial

bed forms. He has been active for many years consulting on river

problems. Among his clients have been the U.S. Ar~ Corps of Engineers,

the California Division of Water Resources, and the Bechtel

Corporation. He has lectured. on sedimentation and consulted on river

problems in several countries in latin America. He was awarded the ASCE

Hilgard prizes in 1949 and 1976 for his ASCE paper on suspended-sediment

transport mechanics and for his editing of the ASCE monograph

"Sedimentation Engineering", respectively. He was elected to the

National Academy of Engineering in 1977.
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TATSUAKI "AKATO is a Research Scientist at the Iowa Institute of HydrauHc
Research of The University of Iowa. He received his B.S. and M.S.
degrees in Civil Engineering at Nagoya University, Nagoya~ Japan in 1966
and 1968; and his Ph.D. degree in Mechanics and Hydraul1cs at The
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