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FOREWORD

This User’s Manual provides guidelines for the installation, operation and usage of the BRI-
STARS (Bridge Stream Tube model for Alluvial River Simulation) model. This manual presents
the background on the methodologies used by the model, formulations of governing flow and
sediment routing procedures used to develop the model and the optional local scour equations
and sediment transport algorithms that are accessible through the model. This manual and the
associated BRI-STARS software will be of interest to hydraulic engineers, bridge engineers, and
geologists involved in bridge scour evaluations and modeling of general scour in alluvial streams
in the vicinity of bridge crossings and highway encroachments. BRI-STARS is especially useful
for sites where contraction scour and/or effects of in-stream mining activities are major concerns.
This manual as an electronic document along with the down-loadable BRI-STARS software is
available through the FHWA Bridge Technology web site at www.fhwa.dot.gov/bridge or through
the Hydrau-Tech, Inc. web site at www. hydrau-tech.com.

Pt 7

/T./ éul Teng, P.E. David H. Densmore

Director, Office of cture Director of Bridge Technology
Research and Develo

PROTECTED UNDER INTERNATIONAL COPYRIGHT
ALL RIGHTS RESERVED

NATIONAL TECHNICAL INFORMATION SERVICE
U.S. DEPARTMENT OF COMMERCE

Reproduced from
bhest available copy.

NOTICE

This document is disseminated under the sponsorship of the Department of Transportation in the
interest of information exchange. The United States Government assumes no liability for the
contents or use thereof. This report does not constitute a standard, specification, or regulation.

The United States Government does not endorse products or manufacturers. Trade and

manufacturers names appear in this report only because they are considered essential to the object
of the document.



Technical Report Documentation Page

1. Report No.
FHWA-RD-99-190

2. Government Accession No.

3. Recipient's Catalog No.

4. Title and Subtitle

User's Manual for BRI-STARS
(BRIdge Stream Tube model for Alluvial River Simulation)

5. Report Date
June 2000

6. Performing Organization Code

8. Performing Organization Report No.

7. Author(s)
Albert Molinas

9. Performance Organization Name and Address

Hydrau-Tech, Inc.
333 West Drake Road, Suite 40
Fort Collins, CO 80526

10. Work Unit No. (TRAIS)

11. Contract or Grant No.
DTFH61-93-C-00068

13. Type of Report and Period Covered

12. Sponsoring Agenicy and Address
Federal Highway Administration
Office of Infrastructure Research and Development
6300 Georgetown Pike
McLean, VA 22101

Final Report
1993 - 1998

14, Sponsoring Agency Code

15. Supplementary Notes

Contracting Officer's Technical Representative: J. Sterling Jones, HRDI-07

16. Abstract

BRI-STARS (BRIdge Stream Tube model for Alluvial River Simulation) model is a generalized semi-two-dimensional water and
sediment-routing model with an integrated graphical interface for solving complicated river engineering problems with limited
data and resources. This model is capable of computing alluvial scour/deposition through subcritical, supercritical, and a
combination of both flow conditions involving hydraulic jumps. Unlike conventional water and sediment routing models, it is
also capable of simulating channel widening/narrowing phenomena as well as local scour due to highway encroachments. It
contains a subset of Federal Highway Administration’s WSPRO subroutines for computing bridge hydraulics.

The first major component of BRI-STARS is the water surface profile and streambed variation computations using stream tubes
for fixed-channel width under subcritical, supercritical, and the combination of both flow conditions. It is composed of three
major computational blocks: backwater computations, stream tube computations, and sediment routing computations. These
computational blocks are linked together during the operation of the model. Both energy and momentum equations are used
so the water surface profile computation can be carried out through combinations of subcritical and supercritical flows without
interruption. The stream tube concept is used in a semi-two-dimensional way, which allows the lateral and longitudinal variation
of hydraulic conditions as well as sediment activity at various cross sections along the study reach. The sediment continuity
equation and sediment transport capacity equations are used for sediment routing computations to simulate the general scour
in the river bed elevation. The sediment routing is performed for each size fraction o account for the bed composition changes
and the bed armoring processes. The second major component of the BRI-STARS is a variable width stream tube model. The
minimum rate of energy dissipation theory is used for decisions as to whether the channel adjustments taking place at a given
cross section due to scouring/deposition should advance in the lateral or vertical directions. Finally, the third component of BRI-
STARS allows the computation of the hydraulic flow variables and the resuiting local scour due to highway bridge
encroachments. The WSPRO component allows modeling of bridge hydraulics.

This User's Manual provides a theoretical background on the methodologies used by the model as well as the formulations of
governing flow and sediment routing procedures. Various records needed for the operation of the model, their description,
format, and sequential positioning within the data structure are given. Example applications as well as practical guidelines for
the use of the model are presented.

17. Key Words

Hydraulics, Numerical model, Water surface profile,
Stream tube, River simulation, Sediment transport,
Minimum stream power, Channel bed scour, Local
scour, Bridge scour, Pier scour, Abutment scour.

18. Distribution Statement

No restrictions. This document is available to the public through
the National Technical Information Service, Springfield, VA
22161.

21. No. of Pages |22. Price

238

18. Security Classif. (of this report)
Unclassified

20. Security Classif. (of this page)
Unclassified

Form DOT F 1700.7 (8-72) Reproduction of completed page authored




LL

SI* (MODERN METRIC) CONVERSION FACTORS
APPROXIMATE CONVERSIONS FROM S| UNITS

APPROXIMATE CONVERSIONS TO SI UNITS

Symbol When You Know  Multiply By

To Find

Symbol i Symboi When You Know

Multiply By To Find Symbol

LENGTH

254
0.305
0.914
1.61

AREA

645.2
0.093
0.836
0.405
259

VOLUME

20.57
3.785
0.028
0.765

square inches
square feet
square yards
acras

square miles

fluid ounces
gal gallons
e cubic feet
y& cubic yards

millimeters
meters
meters
kilometers

square millimeters
square meters
square meters
hectares

square kilometers

milliliters
liters

cubic meters
cubic meters

NOTE: Volumes greater than 1000 | shall be shown in m?.

MASS

28.35
0.454
0.907

ounces

pounds
short tons (2000 Ib)

TEMPERATURE (exact)

Fahrenheit
temperature

5(F-32)/9
or (F-32)/1.8

ILLUMINATION

10.76
3.426

foot-candles
foot-Lamberts

grams
kilograms
megagrams

{or “metric ton")

Celcius
temperature

lux
candela/m?

FORCE and PRESSURE or STRESS

4.45
6.89

poundforce
poundforce per
square inch

newtons
kilopascals

* Sl is the symbol for the Intemational System of Units. Appropriate
rounding should be made to comply with Section 4 of ASTM E380.

LENGTH

millimsters
meters
meters
kilometers

mm
m
m
km

square millimeters
square meters
square meters
hectares

square kilometers

square inches
square feet
square yards
acres

square miles

millilitars
liters

cubic meters
cubic meters

fiuid ounces
gallons
cubic feet
cubic yards

grams
kilograms
megagrams

(or *metric ton®)

0.036
2202
1.103

ounces
pounds
short tons (20001b) T

TEMPERATURE (exact)

Celcius
temperature

Fahrenheit
temperature

1.8C +32

ILLUMINATION

lux
candela/m?

foot-candles
foot-Lamberts

0.0929
0.2919

FORCE and PRESSURE or STRESS

newtons
kilopascals

0.226
0.145

poundforce
poundforce per
square inch

(Revised September 1993)




BRI-STARS USER'S MANUAL

TABLE OF CONTENTS

TABLE OF CONTENTS

Page

1. GETTING STARTED .......... .. et 1
1.1 GENERAL MODEL INFORMATION .......................... 1
1.1.1 Model Description .. ... ... ... ... ... .. 2

1.1.2 Potential Applications of BRI-STARS . . . ... ... ... . ..... 5

1.2 BRI-STARSPACKAGE ............. ... ... oot 6
1.21 Contents of the BRI-STARS Package ................. 6

1.2.2 OrganizationofthePackage ........................ 7

1.2.3 Typographical Conventions .................. ... ... 7

124 SystemRequirements .................. ... .. ... ... 7

1.3 INSTALLATION ... . e e e 8
1.4 OPERATIONOFTHEMODEL ............ ... .. .. ... .. ... ... 9
1.4.1 input Data File Preparation . ....... ... .. ... ....... 9

142 ExecutionoftheModel ........... ... ... ... ..... 9

143  GeneratingOutput ... ... ... .. . i 11

1.5 VISUAL QUTPUT FROMBRI-STARS ........................ 12
1.5.1 Thalweg and Water Surface Profile Window . ............ 12

1.6.2 Velocities and Streamlines Window ... ................. 13

1.5.3 TopographicChangesWindow ....................... 13

1.6 ORDER OF BRI-STARSRECORDS ............. ... ....... 14
1.7 DATANEEDS FORBRI-STARS . ... ... o 16
1.8 BST-PLOT UTILITY PROGRAM . .. .. ... . ... . ... .. .. ... ..... 16
1.81 Inftroduction ....... ... . . ... ... 16

182 StepsinUsing BST-PLOT ... ... .. ... .............. 17

1.8.3 Options for BST-PLOT ... ... ... ... ... .. ... . ... ... 18

1.9 BST-XSECT UTILITY PROGRAM . ........ ... ... ... ... ...... 19
1.91 Infroduction ...... ... .. ... . 19

1.9.2 StepsinUsing BST-XSECT .......... ... ... ... .... 19

193 OplionsforBST-XSECT . ... . ... ... ... ... ... ... 20

1.10 BRI-STARS QUATTROPROEDITOR .......... ..o 20
1.10.1 Introduction . ........ ... e 20

1.10.2 StepsinUsingBSTEMPLT ................ ... ....... 20

1103 NOteS . ..o 24

111  LISTOFBRI-SSTARSEXAMPLES ... ... ... ... .. ... ......... 24
2. STREAM TUBE MODEL FOR AGGRADATION AND DEGRADATION . ... 27
2.1 STREAMLINES .. ... ... . . . . . i 27
22 STREAMTUBES . .......... . i e 29
2.3 GENERAL DESCRIPTIONOF THEMODEL ................... 29
2.3.1 Backwater Computations .. ... ... .. ... ... ... ... 32

232 Stream Tube Computations . ........ ... ... ... ... ... .. 32

233 SedimentRouting Computations .. ... ... ... .. ... ... 33

3. TOTAL STREAM POWER MINIMIZATION . ................ ... ... ... 39

ii



TABLE OF CONTENTS BRI-STARS USER'S MANUAL
Page
4, SEDIMENT TRANSPORT EQUATIONS . .. ... ... ... ... ... ... ........ 43
4.1 INTRODUCTION . .. ... . e 43
4.2 BED-MATERIALLOADEQUATIONS .................. ... .... 44
421 FineSedimentEquations ............................ 44
422 SandEquations .......... ... .. ... 45
423 GravelEquations ......... ... ... ... 47
424 UserSuppliedEquations ................... ... .. ... 48
4.3 COMPARISON OF BED-MATERIAL LOAD EQUATIONS . ........ A48
4.4 TRANSPORT CAPACITY BY SIZEFRACTIONS .. .............. 54
45 COMPARISON OF TRANSPORT CAPACITY BY SIZE

FRACTIONS ... .. . 56
5. BRIDGE AND ABUTMENT SCOUR . . ........ ... .. ... ... ........ 65
5.1 LOCAL SCOURATBRIDGEPIERS ... ... ... .. ... 66
5.1.1 Flow Field Around a Pier and ScourProcess ............ 66
5.1.2 Analysisof ScouringParameters ...................... 67
513 InfluenceofParameters ............................. 68
52 DESCRIPTIONOFMODELS . ... ... .. .. ... ... ... ... ........ 72
5.3 DIMENSIONALANALYSIS . ... . ... ... i 77
5.4 LOCAL SCOURATABUTMENTS . ....... ... ... .. ...t 78
54.1 DescriptionofModels ............... ... .. ... .. ... 79
542 EffectofAnglecofinclination . ........ .. .. ... ... ... 80
5.5 NOTATION ... e e e c e 81
8. HYDRAULIC DATA . ... . ... e 83
6.1 CHANNEL GEOMETRY DATA . ... ... i 83
6.2 CHANNEL ROUGHNESS AND LOSS COEFFICIENT DATA ...... 83

6.3 INPUTTING THE DISCHARGES AND CORRESPONDING
STAGES . . . 84
SEDIMENT DATA ... .. e 89
8. BRIDGE SCOURDATA . ... ... . ... 91
8.1 BRIDGEPIER SCOURDATA .. ... .. .. i 91
8.2 BRIDGE ABUTMENT SCOURDATA .............. .. ... ...... 92
8.3 CONTRACTION SCOURDATA ... ... ... .. . ., 93
8.4 BRIDGE HYDRAULICS DATA ... ... . ... . o 95
9, MINIMIZATION PROCEDUREDATA . ... ... ... . ... .. ... .......... 103
10. SENSITIVITY ANALYSIS . ......... ... . . . it 105
101 INTRODUCTION . .. ... e 105
102 MATHEMATICAL FORMULATION . ... .. .. ....... ... ....... 105
10.21 Base Simulation .......... ... ... . ... . oL 106
10.2.2 SelectionofParameters ............ ... ... .. L 106
10.2.3 Limitation of Parameter Variability .................... 107
103 APPLICATION .................. e 107
104 CONCLUSIONS ... ... e i i 114
105 CALIBRATIONGUIDELINES ..... .. . ... ... ... ... .c........ 114




BRI-STARS USER'S MANUAL TABLE OF CONTENTS

APPENDICES:
Page
A LIST OF REFERENCES FOR BRI-STARS USER'S MANUAL .......... 117
B. INPUTDATARECORDS ... ... ... . .. . . . i 125
B.1 LISTOF DATARECORDS ... .. ... ... ... ... ... ... ... 125
B.2 FORMAT OF DATARECORDS ......... ... . ... iiiiiin, 127
B.3 ORDEROFDATARECORDS ....... ... ... ... ... ... .... 128
B.4 DESCRIPTION OF DATARECORDS . ...................... 131
C EXAMPLEINPUTFILES . ... .. .. .. ... . e, 189
C.1 DRY CREEK, NEAR BARREN HILLS EXAMPLE WITH
WSPRO INPUT (EXMPL0O02.DAT AND WSPRO.DAT) .......... 190
C.2 COLORADO STATE UNIVERSITY HYDRAULICS
LABORATORY STUDY OF SCHOHARIE CREEK BRIDGE
PIER SCOUR (EXMPLOOS.DAT) ...... ... .. .. 193
C.3 LOWER TORNILLO CREEK, BIG BEND NATIONAL
PARK, TEXAS (EXMPLOOS.DAT) ..., 196
D. BRI-STARS SIMULATION OF CALIFORNIA I5 BRIDGE SITE ... ... .. .. 203
D.1 SELECTION OF SIMULATION DATA .......... ... ... .... 203
D.2 NUMERICAL SIMULATION . ... . ... ... ... ... ... .. .. ... .. 204
D.3 LISTING OF INPUT DATA FILE (EXMPLOOS.DAT) ............. 214

D.4  LISTING OF OUTPUT DATA FILE (EXMPLO0OS.OUT) ........... 221




LIST OF FIGURES

BRI-STARS USER'S MANUAL

LIST OF FIGURES

Figure

W ~N O R WN A

N i Y (]
G W N O

16

17

18

19

20

21

22

23

24

25

Page
Organization of the BRI-STARS package . . ............... ....... 7
Thalweg and water surface profilewindow . . ..................... 12
Velocities and streamtubeswindow . ............ ... ... ... . ... 13
Topographic changeswindow . .. ......... ... ... . .., 14
Stepsinusing BSTEMPLT ... ... ... .. ... 21
Streamline definitionsketch . . . ... ... ... . ... ol 27
Plan view of a study reach using streamtubes .. .... ... ... ... .... 29
Flow chart for the tube computermodel . ... ...... ... .. .. ... ... 31
Approximated unsteady discharge hydrograph . .. .. ............... 32
Definition of variables for computation .......................... 34
Bed composition accounting procedures .......... ... . . ... 34
Logical chart forarmoring process ........ ..ot iiiiiiennnn.. 35
Plot of channel width versus total streampower ... ................ 40
Channel bottom elevations versus total stream power ... ........... 40
Comparison between computed and measured bed-material
concentrations for Engelund and Hansen equation ................ 52
Comparison between computed and measured bed-material
concentrations for Ackers and White equation . ... ... e 52
Comparison between computed and measured bed-material
concentrations for Yangequation ......... ... ... ... .. ... L 53
Comparison between computed and measured bed-material
concentrations for Molinas and Wuequation ..................... 53

Comparison between computed and measured bed-material
concentrations for Toffaletiequation . ....... ... .. ... ... . ..., 54

Computed and measured bed-material concentrations for
individual size fractions by the BMF method using the Engelund
andHansenequation ............. ... ... .. .. ..., 58

Computed and measured bed-material concentrations for
individual size fractions by the BMF method using the Ackers and
White equation ... ............. P 58

Computed and measured bed-material concentrations for
individual size fractions by the BMF method using the Yang

equation ....... .. ... 59
The variation of P,/ P, versus d, / d, for the Engelund and
Hansen equation by the use of the BMF method . ................. 60
The variation of P,/ P,,, versus d, / d;, for the Engelund and
Hansen equation by the use of the TCF method .. .. ... .. ... ... .. 61

Computed and measured bed-material concentrations for
individual size fractions by the TCF Method using the Engelund
andHanseneguation .. ........... ... .. .. ... 62

Vi



BRI-STARS USER'S MANUAL

LIST OF FIGURES

Figure
26

27

28

29
30
31
32
33
34
35
36
37
3s
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59

Page

Computed and measured bed-material concentrations for
individual size fractions by the TCF method using the Ackers and
Whiteequation . . ... ... .. ... L e 62

Computed and measured bed-material concentrations for
individual size fractions by the TCF method using the Yang

equation ... ... . 63
Scour depth for a given pier and sediment size as a function

of time and of approach velocity (Raudkivi and Sutherland, 1981) .... 66
Flow pattern at a cylindrical pier (Raudkivi) .................. .... 67
Scour depth vs. velocity (Melville, 1984) . ... ... ... ... ... ... ..... 689
Effect of sediment gradation (Raudkivi and Ettema, 1977) ...... .... 70
Effect of pier shape on scour (Laursen and Toch, 1953 and 1856) .... 71
Correction factor forangleofattack ......... ... ... ........... 72
Scour estimation adjustmentforskew............... ... .. ... ... 81
Discretization of input discharge hydrograph . .................... 85
Hypothetical sediment size gradationcurve ................. ..... 90
Critical shear stresses versus bed material ...... ................ 95
Roughness sensitivity analysis .. ......... ... .. ... ... ... 109
Time step sensitivity analysis at Station6000 . .. .................. 110
Time step sensitivity analysis at Station 7000 . .. .................. 110
Time step sensitivity analysis at Station 8000 . .. .. ................ 111
Time step sensitivity analysis at Station 9000 . ... ... ... ... ..... 111
Time step sensitivity analysis at Station 10000 .. .. ................ 112
Scour/deposition versus number of streamtubes ... ... ............ 113
Varying scour depth with number of streamtubes ................. 113
Execution time versus number of streamtubes ................... 114
lustration of BRI-STARS recordorder . ......................... 128
Plan view of the study reach at Californiai5bridge ................ 205
USGS measured cross sectionno. 9 . ........ ... ... ... . ..... 206
USGS measured cross sectionno. 8 ... ... . ... . ... .. ... ..... 206
USGS measured cross sectionno. 7 ... ... ... ... . .. ...._.. 207
USGS measured cross sectionno. 6 .............. ... ........ .. 207
USGS measured cross sectionno. 3 .......... ... ... . i, 208
USGS measured cross sectionno. 2 .............. ... .......... 208
USGS measured cross sectionno. 1.5 ... ... . ... .. ... ... ... 209
USGS measured cross sectionno. 1 .. ... ... ... ... .. ... .. ... 209
Generated cross section for bridge location at 830.3f .......... ... 210
Generated cross section for bridge location at 6755 ............. 210
Plan view showing locations of interpolated and propagated

CrossS SeCHONS .. .. .. ... e 21

vii



BRI-STARS USER'S MANUAL

LIST OF FIGURES
Figure Page
60 Hydrograph at D.W.R. station, Los Gatos Creek at
Eldorado AVenUE ... . . i e e 212
61 High water surface elevation measured on March 20
and 21,1995 .......... e 213
62 Water surface and bettom profiles computed at different times . .. .. .. 213

viii



BRI-STARS USER’'S MANUAL LIST OF TABLES

LIST OF TABLES

Table Page
1 BST-PLOT main menuanditscontents ......................... 17
2 BST-XSECT mainmenuanditscontents .. ............. ... ... .. 19
3 Cross sectional data information for 15 Bridge data ... .......... ... 22
4 Examples for BRI-STARS and theirfeatures .. ... ... ... ... .. ... 25
5 Summaryofriverdata .. ... ... .. 50
5] Summary of comparison between computed and measured

bed-material concentrations ......... ... . i i 51
7 Summary of laboratory andriverdata . . ........ .. ... Ll 57
8 Summary of comparison between computed and measured

bed-material concentrations of individual size fractions ............. 57
9 Pier shape correctionfactor (K,) . ......... ... .. .. ... .. 76
10 Flow alignment correctionfactor (K,) .. ........... .o ont. 76
11 Inputting sediment characteristics data by discretizing the

small sediment gradationcurve ... ... ... ... oL 90
12 Example set of pier scour records for a hypothetical reach ... .. ... .. 91
13 Example set of pier scour records for a hypotheticalreach . ......... 92
14 Example set of abutment scour records for a hypothetical reach . . .. .. 93
15 Table 4.3 fromthe WSPRO UsersManual . ...................... 96
16 Table 4.4 fromthe WSPRO UsersManual ....................... 97
17 Table 4.7 fromthe WSPRO UsersManual ....................... 08
18 Table 4.8 fromthe WSPRO UsersManual ....................... 99
19 Table 4.11 from the WSPRO UsersManual ...................... 100
20 Table 4.27 from the WSPRO UsersManual . ..................... 102
21 Minimization procedure data for a hypothetical study reach

withthreestations . ...... ... .. ... .. . . . 103
22 Parameters of the sedimentroutingmodels ...................... 106
23 Sensitivity analysis runs for roughness coefficient selection ......... 107
24 Sensitivity analysis runs for selecting the duration of

computational timesteps ............ . e 108
25 Sensitivity analysis runs for longer time (1.5- and 8-year) simulations . . 108
26 Sensitivity analysis runs for the number of stream tube selecticn . .. .. 108
27 BRI-STARS inputrecords . ... ... ... ... ... . .. ... 125
28 General layout of BRI-STARS datarecords . ..................... 127
29 Measured, interpolated, and propagated cross sections ............ 204




LIST OF TABLES BRI-STARS USER'S MANUAL




BRI-STARS USER'S MANUAL CHAPTER 1 - GETTING STARTED

1. GETTING STARTED

1.1

GENERAL MODEL INFORMATION

There is a need for a generalized water and sediment-routing computer model for
solving complicated river engineering problems with limited data and resources. This
program should have the following capabilities:

. To compute hydraulic parameters for open channels with fixed as well as
alluvial boundaries.

. To compute water surface profiles for subcritical, supercritical, and
combinations of both flows without interruption.

. To compute and simulate the hydraulic and sediment conditions in the
longitudinal and lateral directions.

. To compute and simulate the change of alluvial channe! profile and
geometry regardless of whether the channel width is variable or fixed.

° To compute the alluvial channel changes in the presence of highway
encroachments and/or other man-made or natural structures.

] To compute channel changes in the presence of heavily sediment-laden
flows.
. To compute bank failures due to the sediment activity in the presence of

severe erosion problems,

Most of the sediment and water routing models, such as the HEC-6, were developed
for solving simplified one-dimensional alluvial river problems. Although there are
some truly two- or three-dimensional models, they require extensive amounts of
computer time and data for calibration. Thus, truly two- or three-dimensional models
may not be desirable for solving engineering problems with limited data and
resources.

The development of BRI-STARS (BRldge Stream Tube model for Alluvial River
Simulation) consisted of three stages. The development of a stream tube mode! for
alluvial channels with fixed width by Molinas was documented earlier. That model was
successfully applied to simulate local scour and deposition processes at the Mississippi
River Lock and Dam No. 26 replacement site near St. Louis. In the second stags of
development, the theory of minimum rate of energy dissipation or its simplified version
of minimum total stream power was used to incorperate the channel width as an
unknown variable. Finally, in the last stage the bridge hydraulics and local pier scour
component was added. Also, in this third stage the model's capabilities were enhanced
by the inclusion of new sediment transport equations, graphical user interface, lateral
water, and sediment inflow options. Both energy and momentum functions are used
in the BRI-STARS model so the water surface profile computation can be carried out
through combinations of subcritical and supercritical flows without interruption. The
stream tube concept is used for hydraulic computations in a semi-two-dimensional
way. Once the hydraulic parameters in each stream tube are computed, the scour or
deposition in each stream tube determined by sediment routing will give the variation
of channel geometry in the vertical direction.
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BRI-STARS is flexible in its application. When only one stream tube is used, it
becomes a one-dimensional model. When the sediment-routing subroutine is not
used, it becomes a model for fixed-bed hydraulic computation. When the
minimization subroutine is not used, it becomes a model for fixed-channel width. The
selection of number of stream tubes and different combinations of subroutines
depends on the site-specific conditions and an engineer's understanding and
interpretation of the fluvial processes.

1.1.1 Model Description

The first major component of BRI-STARS is based on a stream tube computer
mode! with fixed-channel width to simulate streambed variations in rivers for which
sediment and hydraulic data are limited. Using stream tubes allows the lateral and
longitudinal variation of hydraulic conditions as well as sediment activily at various
cross sections along the study reach. The cbjective of the model is to study
complicated sedimentation problems for which there is interaction between the
flowing water-sediment mixture and the alluvial river channel boundaries. in order
to accomplish this purpose, the water surface profile and other hydraulic variable
computations for supercritical, subcritical, and the combination of beth flow
conditions must be carried out without interruption. The bed armoring and the
breaking of the armor layer are incorporated to study longer periods of flow
durations.

The stream tube computer program is a semi-two-dimensional program with the third
dimension, depth, being intrinsically incorporated into the computations. As such, it
has the basic limitations of every two-dimensional program; secondary flows cannot
be simulated. The channel is divided into a presslected number of tubes. The bed
elevation in each stream tube is allowed to move vertically up or down depending on
the flow conditions. As a result, while one section of channel is eroding, another
section might be aggrading. Depending on the number of stream tubes to be used,
the channel cross section changes are averaged across different channel
subsections of varying widths. Since the computer time and space are directly
related to the number of stream tubes to be used, the user is required to decide on
the optimum number of tubes. Bed forms are not simulated due to the lack of a
generally accepted methodology for determining them. Even though provisions are
made to expand the program to include river confluences and middle islands, at this
point these options are not available. The channel boundaries are fixed in the lateral
direction, and formation of meander bends cannot be simulated.

The computer model using stream tubes can be applied to a variety of river
problems. It can be used as a fixed-bed model to compute water surface profiles for
subcritical, supercritical, or the combination of both flow conditions involving
hydraulic jumps. This option aflows the applications involving the computation of
water surface profiles in man-made channels with clear water, flow profiles over
spillways, or flow profiles in natural river channels where the interaction between the
sediment-water mixture and the channel bed are negligible. As a movable bed
model, the computer program can be applied to route water and sediment through
natural river channels. The use of stream tubes allows the variation of hydraulic
conditions and sediment activity not only in the longitudinal, but aise in the lateral
direction. With the selection of a single stream tube, the model becomes one-
dimensional. Average channel response to changes in certain riverflow or sediment
conditions can be studied. With the selection of multiple stream tubes, the model
becomes two-dimensional. The changes in the cross section geometries in the
lateral direction can be simulated. Since the bed elevation changes are not averaged
over the entire active channel widths as in one-dimensional models, more realistic
channe! erosion or aggradation can be simulated. This option provides valuable
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information where certain navigation depths have to be maintained. It can also be
used in bank stability problems to identify expected regions of bank instabilities. The
armoring process provided in the program allows study of river sedimentation
probiems for longer periods of time.

The stream tube computer model for routing water and sediment is composed of
three computational blocks: (1) backwater computations, (2) stream tube
computations, and (3) sediment routing computations. These computational blocks
are linked together during the operation of the model.

At each time step, first, backwater computations are carried out for the entire reach
with the channel treated as a single tube. Second, with the computed water surface
elevations, lateral locations of stream tubes at each cross section are determined.
With each stream tube treated as an independent channel, the hydraulic variables
along itare computed. Third, sediment is routed through each stream tube satisfying
the sediment continuity equation, At the end of these computations, bed material
compositions are revised and channel bed elevations are updated. An armoring
procedure is incorporated into the sediment routing computations. Computations
proceed in time through defined water and sediment discharge hydrographs.

The second major component of the BRI-STARS is a variable width stream tube
model. BRI-STARS can be used for decisions as to whether the channel
adjustments taking place at a given cross section due to scouring/deposition should
advance in the lateral or vertical directions.

The basic tool for this decision-making component is the Minimum Rate of Energy
Dissipation Theory developed by Yang and Song (1979, 1986) and Song and Yang
(1979, 1980, 19824, 1982b), and this generaltheory's special case Minimum Stream
Power Theory used by Chang (1980b).

The Minimum Stream Power Theory states that

For all alluvial channels, the necessary and sufficient condition of
equilibrium occurs when the stream power per unit length of
channel, y0S, is a minimum subject to given constraints. Hence, an
alluvial channel with water discharge Q and sediment load Q, as
independent variables, tends to establish its width, depth, and slope
such that yQSs is a minimum.

To extend the minimization procedure to channel! reaches experiencing gradually
varied flows, stream power (yQS) shouid be integrated along the channel.

In BRI-STARS, selecting directions for channel adjustments is accomplished by this
integral expression being minimized for total stream power at different stations. At
a given time step, if alteration of the channel widths results in lower total stream
power than raising or lowering of the channel, channel adjustments are made in the
lateral direction. For the opposite case, the adjustments are made in the vertical
direction.

Atcross sections where sediment erosion is predicted following the sediment routing
procedure, channel adjustments can proceed in either deepening or widening
directions. The selected mode of channel adjustment in the computer model is the
one resulting in the minimum total stream power for the reach.

Similarly, at cross sections where sediment accumulation is predicted, channel
adjustments can proceed in raising the bed by sediment deposition on the bed or




CHAPTER 1 - GETTING STARTED BRI-STARS USER'S MANUAL

along the banks. The selected mode of channel adjustment in BRI-STARS is the
one resulting in the minimum total stream power for the reach. In both the aggrading
and degrading channel cases, the sediment load is treated as a constriction in the
minimization. In cases where geological or man-made restrictions are applied to the
channel deepening or widening processes, computations are performed to
accommodate these constrictions.

The amount of channel width adjustment during a time step is determined by the
sediment continuity equation. However, for channel widening or narrowing
computations, the wetted perimeter P is replaced by the hydraulic radius R. Channel
widening of narrowing computations are carried out in the usual way using the
sediment continuity equation. The amount of sediment eroded from the banks from
a given reach is added into the sediment loads entering that reach in sediment-
routing computations. This sediment load becomes influx for the following sections
to conserve the mass balance.

Finally, the third component of BRI-STARS allows the computation of the hydraulic
flow variables and the resulting scour due to highway bridge encroachments. BRI-
STARS performs bridge hydraulics computations utilizing FHWA's WSPRO water
surface profile computation program routines. The details of these computations are
described in detail in the WSPRO User's Manual. Also, a second option which
utilizes user supplied local loss coefficients at the bridge sections is available. In this
simple bridge approach, the bridge loss coefficients can be calibrated with
measured/computed water surface profiles for closer agreement with more accurate
methods of computations. The simple bridge approach is applicable only for free-
surface bridge hydraulics computations since it treats the bridge piers as a part of
the channel geometry.

The local scour due to bridge piers in the BRI-STARS model is computed utilizing
the following methods:

Colorado State University/FHWA HEC-18 equation.
Jain and Fisher equation.

Laursen equation.

Froehlich equations.

User-supplied generic equation.

o~ =

The local scour due to abutments in the BRI-STARS model is computed utilizing the
following methods:

Colorado State University equation.
Laursen equation for clear-water scour.
Laursen equation for live-bed scour.
Froehlich equation for clear-water scour.
Froehlich equation for live-bed scour.

as>owhn =~

The model computes and lists the local scour at bridge piers and abutments
separately from the computed general stream aggradation/degradation values. The
maximum potential loca! scour value computed during the simulation event is
computed and used in the final estimation of cumulative scour at bridge sites. The
BRI-STARS model also computes the potential contraction scour utilizing Laursen's
simplified contraction scour equation and provides users this information for
comparison purposes. '
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1.1.2 Potential Applications of BRI-STARS

Potential applications of BRI-STARS can be summarized as follows:

a)

The model can be used as a fixed-bed model to compute water surface
profiles for subcritical, supercritical, or the combination of both flow
conditions involving hydraulic jumps. These computations include, but are
not limited to:

. Flow profiles in man-made channets with no sediment.
Flow profiles over spillways and waterways.

. Water surface profiles in rivers where bed elevation changes are
negligible.

The model can be used as a movable bed modse!l to route water and
sediment through alluvial channels.

The use of stream tubes allows the model to compute the variation of
hydraulic conditions and sediment activity not only in the longitudinal but
also in the lateral direction.

With the selection of a single stream tube, the model becomes one-
dimensional. By selection of multiple stream tubes, changes in cross section
geometries in the lateral direction can be simulated.

The armoring option allows simulation of longer term riverbed changes,

With the selection of the minimization procedure option, the model can
simulate channel widening and narrowing processes,

With the selection of the WSPRO bridge hydraulics option, the model
utilizes specialized routines for the computation of flows through highway
bridge openings.

Maximum potential bridge pier scour for given flood hydrographs is
computed through the use of several equations for various pier geometries.

Flow diversion problems can be studied through the use of lateral
inflow/outflow options.

Aggregate mining studies can be conducted by simulating various mining
alternatives {quantity and physical location).

Dredging studies can be conducted by the use of the lateral sediment
outflow option without any water outflow.

Bank failures with known rates of bank regression can be simulated through
the option of lateral sediment inflow without water inflow.
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1.2 BRI-STARS PACKAGE

1.2.1 Contents of the BRI-STARS Package

The package includes:

1) BRI-STARS User's Manual.
2) Two 3-1/2 inch MS-DOS formatted high-density floppy disks containing:
. Program Files:

BST50.EXE - interactive data entry module for BRI-STARS.

BSTPLOT.EXE - visual display program for BRI-STARS-generated thalweag

and water surface profile output.

BSTXSEC.EXE - conversion program for BRI-STARS-generated cross-
section output files to Corel Quattro-Pro-compatible
format for the purpose of hard-copy plotting.

NPPLUS.EXE - Notepad Plus for Windows Text Editor for the integrated

development environment.

* Resource Files:

BRISTARS.RSC - default file names for BRISTARS.
BSTPLOT.RSC - default file name for BSTPLOT.
BSTXSECT.RSC - default file name for BSTXSECT.
BSTPLOT.WSP - default demo file for BSTPLOT.

L Title Screen Files:

BSTIMAGE.SYS - title screen file for BRI-STARS.
BSTPLOT.SYS - title screen file for BSTPLOT.
BSTXSECT.SYS - title screen file for BSTXSECT.

L Help Files:

BSTHELP.HLP - BRI-STARS help file.
BSTHELP.CNT - contents file for BSTHELP.
BSTTHALW.BMP - Bitmap image used in help file.
BSTTOPO.BMP - Bitmap image used in help file.
BSTTUBES.BMP - Bitmap image used in help file.
BSTCONTNTS.BMP - Bitmap image used in help file.

. Examples:

EXMPLOO1.DAT - example problem 1 data file.
EXMPLOO2.DAT - example problem 2 data file.
WSPRO.DAT - WSPRO data used in conjunction with EXMPL002.DAT.
EXMPLOO03.DAT - example problem 3 data file.
EXMPLOQ4.DAT - example problem 4 data file.
EXMPLOOCS5.DAT - example problem 5 data file.
EXMPLO0B.DAT - example problem 6 data file.
EXMPLOO7.DAT - example problem 7 data file.
EXMPLO08.DAT - example problem 8 data file,
EXMPLO0S.DAT - example problem 9 data file,
EXMPLO10.DAT - example problem 10 data file.
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. BSTEMPLT Corel Quattro-Pro Worksheet Utility Files:

BSTEMPLT.WB2 - Input Data Generator Template for BRI-STARS.
I5INPUTH.WB2 - Input Data Generator Template for EXMPLO0S.DAT.
BSTGEN.EXE - Quattro PRO-to-BRISTARS data translator program.

1.2.2 Organization of the Package

Crganization of the BRI-STARS package is illustrated below:

Preprocessor
Programs

Main
Program

Windows 95
Program

Postprocessor
Programs

' STXSECT EXE

FENT \}as-&ne

Figure 1. Organization of the BRI-STARS package.

1.2.3 Typographical Conventions

Throughout this User's Primer, when you see Enter you should press the Enter key
(which is also called the Return key}.

In the description of procedures, the items to be typed by the user are shown in
upper case lettering. These commands can also be typed in any combination of
upper and lower case lettering.

Throughout the User's Primer the computer hard disk is always assumed to be drive
C. Drives A: and B: are assumed to be floppy disk drives.

[n the explanations pertaining to output generation, it is assumed that the printing
device is properly connected to the microcomputer and that the device driver for a
plotting device is successfully installed for the plotting package. The user is expected
to follow manufacturer's instructions in operating the printing devices to activate
appropriate internal printing styles.

1.2.4 System Requirements

The system requirements for running the BRI-STARS model on a microcomputer
are:

* 16 MB main memory (32 MB recommended).

7
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Intel Pentium 66 Mhz or higher microcomputer.

. Windows 95 Operating system.

. Super VGA (800x600 at 256 color) or higher resolution screen for displaying
computed plots.

® Graphics printer such as HP LaserJet Series 1] or better. ,

] Hard disk with enough room to hold the program, utilities, examples, and

output files (Allow at least 10 Megabytes of hard disk space for
applications).

1.3 INSTALLATION

To install BRI-STARS on the hard disk, use the automatic Windows 95/NT setup
program provided on Diskette 1. The SETUP program is a utility program which
automates the installation of BRI-STARS by creating a program and examples
directory onthe hard disk and by automatically copying the BRI-STARS model, utility
programs, example problem input data, and output files contained in Diskettes 1-2
provided with the package.

1) To run the SETUP program, place the Disk 1 into floppy drive A. From the
main Windows 95 frame select START and then RUN options. Type
AANSETUP and then press the Enter key.

2) A welcoming message describing the purpose of the program will be
displayed. To continue with the installation press the Next key.

3) At this point, the program licensing screen will be displayed. To continue
with the installation, press the Next button.

4) The user information screen requests user's name and affiliation. To
continue with the installation press the Next button.

5) The Destination Location Window requests the installation directory. To
accept the default directory of CABSTWIN95, press the Next button. To
change the directory name, press the Browse button and enter directory
name in the Path line. If the directory does not exist, it will be automatically
created.

6) Program Folder Window requests the name of the program foider the BRI-
STARS program is placed into. To accept the default folder name of BRI-
STARS, press the Next button. Otherwise enter a new name. If the folder
doses not exist, it will be automatically created.

7) The Confirmation Window requests the confirmation of installation
information entered by the user. To confirm, press the Next button. To
change the information, press the Change button and reenter information.

8) At this point, the installation program copies all files into the specified BRI-
STARS directory and prompts the user to complete installation by pressing
the Finished button.

At this point, the BRI-STARS program group is created and the BSTS0 icon is
placed in the program group. To run the program, double click this icon.
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1.4

OPERATION OF THE MODEL

The logical steps followed in the operation of the model can be listed as:

1.4.1

Input data preparation.
Execution of the model.

Generating output:

- computed formatted output.
- cross section profile output.
- water surface elevation and hydraulic cutput.

Input Data File Preparation

The BRI-STARS model operates in a batch mode in which the data needed by the
model is provided through a separate data file. This data file can be prepared in
several ways. They are:

Using an ASCII text editor (such as Wordpad provided with Windows 95 or
the Notepad Plus included in the BRI-STARS package) and by following
the guidelines provided in chapter 6 for hydraulic data, chapter 7 for
sediment data, chapter 8 for bridge scour data, and chapter 9 for
minimization procedure data.

By modifying an example problem provided in the package using an ASCII
text editor.

Using the BSTEMPLT.WB2 template worksheet provided with the BRI-
STARS package with Corel Quattro Pro for Windows.

Using the BSTDATA data entry program provided with the eartier DOS
version of the model.

1.4.2 Execution of the Model

After a successful installation, the executable BRI-STARS model and the utility
programs are downloaded either into the C:\BSTWINS5 directory on the hard disk
or into a directory defined by the user. The example data files are also copied into
the same directory.

In order to run the model, two procedures can be followed. The first procedure
involves the use of the main Windows 95 frame, and the second procedure uses the
Windows Explorer program,

Method 1 - Run BRI-STARS from the main Window:

1)
2)
3)

Select Start and then Programs.
Point to the BRI-STARS program group from the program list.
Double click on the BST50 icon.

Method 2 - Run BRI-STARS Using Windows Explorer:

1)
2)
3)

Select the directory in which BST50 is iocated.
Highlight BST50.EXE from the list of files.
Double click on the BST50 icon.
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Once the BRI-STARS model is activated, an opening screen with program
information is presented. To run BRI-STARS with the EXMPLO09.DAT file, the
following procedure is suggested:

1) Select File from the main menu.

2) Specify the input file name by selecting Input from the drop-down menu and
then by entering the desired file name (EXMPL0O09.DAT). Users may also
browse through the directory tree using the standard Windows style file
browsing utility, and may select other files by highlighting desired files.

3) Specify names for other file menu items:
. Output File - file containing results.
. X-Secs File - file containing cross sections output.
. WSP File - water surface and thalweg elevations output.
. Messages File - file containing miscellanecus messages during
execution.

By default, BRI-STARS uses the user-supplied input file name with .QUT,
XSC, .WSP, .MSG extensions for naming these files. If these defaulis are
acceptable, move to next step.

4) Select Run from the main BRI-STARS menu,

5) Observe screen output:
. Observe thalweg and water surface elevation changes.
. Observe stream tubes and velocity distributions.
. Ohbserve topographic changes during simulation.

8) If results are acceptable, generate output for reporting resuits.

7) Otherwise, edit the input file by selecting Edit / Input File from the main
BRI-STARS menu and repeat steps 4-6.

8) Continue until satisfactory results are obtained.

Atthe end of the BRI-STARS run described above, if the plotting option is requested
for generating water surface profile plots and/or change cross section plots, two data
files will be created containing plotting information. The default names for plot data
files are XSECTS.XSC and WSPROFS.WSP. The file XSECTS.XSC contains the
channel cross section information at each simulation time step, and
WSPROFS.WSP contains the water surface profile information. In order to secure
these files for future use and to provide proper identification, the user is urged to
save these files under different names at run time by specifying unique file
identification.

The procedure outlined above can be modified for different applications by altering
the names of input and output data files. Since some of the output generated by the
model could be very large, the use of floppy drives A: and B: for routing the output
from long runs is not recommended. The user should ensure that there is enough
storage space on the hard disk for the ocutput (should allow 1-2 Megabytes of hard
disk space for IPRLVL=0 for 100 time steps). As a good practice, the user is
encouraged to create separate directories for different applications and save the
output of each application in these individualized directories.

10
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1.4.3 _Generating Output

At the end of model execution, BRI-STARS results are stored in several output files.
These files can be imported into a variety of commonly available word processors,
desktop publishing programs, and spreadsheet and/or graphics packages for
presenting results with varying levels of sophistication. In general:

1) Import the ASCIl formatted output file (OUTPUT.OUT) into a word
processor to enhance the formatting of the document.

2) Usethe post-processor program BSTXSECT provided with the BRI-STARS
package to manipulate the unformatted Cross Section Output
(XSECTS.XSC)file. The BSTXSECT output can be used in conjunction with
a variety of plotting/spreadsheet packages to generate report quality cross
section plots at various simulation time steps.

3) Import the ASCIl formatted Water Surface and Thalweg Profile Output
(WSPROFS.WSP) file into a spreadsheet or graphics program to generate
tabulated profiles and water surface profile plots.

Formatted Numeric Output

The procedure for generating an output file from successful BRI-STARS run is
described in the previous section. This output file can be routed to various dot matrix
or laser printers for obtaining hardcopy printouts.

Most printers, as a default, operate using a fixed-width font on an 80-celumn page
widthin “portrait” orientation setting. BRI-STARS utilizes this default setting to format
the printouts resulting from sediment routing applications involving up to 5 sediment
size groups. For applications involving more than five sediment size groups, to obtain
a legible output, a landscape (sideways) font or a 16.6-characters-per-inch
compressed font should be used. The compressed and [andscape fonts are
available in HP LaserJet Series II™ internally. Additionally, by importing the ASCII
BRI-STARS output into word processor and by using a fixed-width font (such as
Letter Gothic or Courier fonts), users may utilize other text enhancements such as
bolding, graphic lines, etc.

Cross Section Profile Plots

In order to improve the plotting capacity of BRI-STARS, a simple approach is taken.
In this approach, the medel resuits which are stored in the file XSECTS.XSC are
transterred into a format compatible with widely used microcomputer graphics
packages.

Step 1 Run the utility program BSTXSEC to convert the format of the cross section
output file which is generated by BRI-STARS into spreadsheet program-
compatible format. The assigned file name for the intermediate file is
XSECTS.PRN to follow common file naming conventions.

Step 2 Import XSECTS.PRN into Quattro Pro for Windows or other spreadsheet
programs, and create a graph.

Step3 Generate hardcopy printouts through the spreadsheet or graphics programs.

11
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Water Surface Profile Plots
in order to generate water surface profile plots to display BRI-STARS results, a
simple procedure is followed. In this procedure, the Water Surface and Bottom

Elevations Profile file which is generated at the end of the BRI-STARS run is
imported into a spreadsheet program as an ASCIl numeric file.

To create water surface plots following a successful BRI-STARS run, the following
two-step procedure is needed.

Step 1 Import a copy of WSPROFS.WSP generated as an output intoa
spreadsheet program, and create an X-Y graph.

Step 2 Enhance and print the graph utilizing the graphics tools.

1.5 VISUAL OUTPUT FROM BRI-STARS

BRI-STARS visual output can be observed in the following screen windows:

1) Thalweg profile window.
2) Stream tubes and velocities window.
3) Topographic changes window.

1.5.1 Thalweg and Water Surface Profile Window

The thalweg and watet surface profile window displays the INITIAL (green line) and
the CURRENT (red line) thalweg profiles as the main plot on the monitor. In this
main plot, the computed water surface profile is indicated by a blue line. In the three
vertically stacked minor frames, cross sections are displayed at user selected
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Figure 2. Thalweg and water surface profile window.

i2



BRI-STARS USER'S MANUAL CHAPTER 1 - GETTING STARTED

stations. In the cross section plots, the starting bottom elevations are identified by
a green line and the current bottom elevations are shown by a red line. Depending
on user options, the water surface line is omitted, shown as a blue line, or shown as
a fill. The vertical and horizontal viewing limits of cross sections and the water
surface profile viewing boundaries are specified in the PV record.

1.5.2 Velocities and Stream Tubes Window

The velocities and stream tubes window displays the current stream tube boundaries
as the main plot on the monitor.. The color-coded contours show computed
velocities in a reach by laterally and longitudinally interpolating stream tube
velocities. In the three vertically siacked minor frames, discharge hydrographs at
stations specified in the PV records are given. The upstream and downstream reach
boundaries for screen viewing are controlled by the PV record.

g Siream Tube Plot
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Figure 3. Velocities and stream tubes windbw.

1.5.3 Topographic Changes Window

The topographic changes window displays cumulative bed elevation changes up to
the current simulation time step as the main plot on the monitor. The color-coded
bed elevation change contours show computed scour/deposition at various
longitudinal and lateral locations in the study reach. Stream tube boundaries are
superimposed onto the screen plots to indicate the location of the main flow channel.
In the three vertically stacked minor frames, bed-material size distributions are given
at selected stations. Upstream and downstream reach boundaries and the stations
for discharge hydrograph viewing are controlled by the PV record.
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1.6
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Figure 4. Topographic

ORDER OF BRI-STARS RECORDS

The BRI-STARS data file consists of a logical sequence of groups of data. These
groups are:

Title information.

Channel geometry.

Roughness.

Energy losses,

Stream tube.

Hydrologic information.
Hydraulic boundary conditions.
Sediment transport.

Pier, abutment, and contraction scour.
Printout.

Streampower minimization.

In general, BRI-STARS data files contain the following records in the order listed

below:

Title Information Records:
TT Title Records.
Geometric Data Records:

NS Number of Sections.
ST Station.

14
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ND Number of Sub-Division.
GP Global Positioning.
Xs Cross Section.

Roughness Data Records:

RN Roughness Equation.
RH {or RB) Roughness Values/Break Points.

Energy Losses Data Records:

CL Coefficients of Local Losses Record.
CE Coefficients of Expansion/Contraction Energy Losses.

Bottom Elevations Data Records:

cB Channel Bottomn.

Stream Tubes and Flow Distribution Data Records:
NT Number of Stream Tubes Record.
Hydrologic and Time Step Data Records:

IT Number of lterations Record.

QQ Discharge Record.

Ss Stage Record.

TL Station Identification for Stage-Discharge Table Record.
sSQ Stage-Discharge Table Record.

DD Discretized Discharge Record.

RC Rating Curve Record.

TQ Table of Discharge Record.

QL Lateral Water Inflow Record.

Sediment Data Records:

SO Sediment Transport Option Record.

Qs Sediment Discharge Record.

SE Sediment Transport Equation Record.
™ Water Temperature Record.

SF Number of Size Fraction Record.

SG Sediment Size Groups Record.

sD Sediment Size Distribution Record.

SB Sediment Size Breakpoint Record.

SX Size Distribution Across Channel Record.
SL Lateral Sediment Inflow Record.

Bridge Scour Data:

PS Pier Stations Record.

PE Pier Scour Equation Record.

PP Pier Scour Parameters Record.
PC Pier Equation Coefficient Record.

Screen Output Records:
PV Visual Screen Output Record.

Output File Generation Records;

15
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1.7

PR Printout Record.

PL Plotting Option Record.

PX Channel Cross Section Plotting Record.
PW Water Surface Profile Plotting Record.

] Minimization Data Records:

MN Minimization Option Record.
Ml Minimization lterations Record.
MR Bed Elevation/Width Variation Record.

DATA NEEDS FOR BRI-STARS

1.8

In order to generate a data file for a BRI-STARS simulation, the following data is
needed:

Title Information.

Geometric Data.

Hydraulic Data.

Roughness Data.

Bottom Elevations Data.

Energy Losses Data (Optional).

Stream Tubes and Flow Distribution Data.
Computational Time Step Data.
Stage-Discharge Data.

Sediment Data (Optional).

Sediment Equation. -

Sediment Inflow Hydrograph.
Sediment Size Data.

Bridge Scour Data (Optional).

Screen Output Control Data (Optional).
Output File Controi Data.

Minimization Data (Optional).

In the absence of a data group, engineering analysis may be required to extrapolate
data from similar watersheds in the geographic region and/or estimations from
similar flows.

BST-PLOT UTILITY PROGRAM

1.8.1 Introduction

The BST-PLOT (BRI-STARS Water Surface Profile Plotting) utility program is used
to animate the water surface and bottom (thalweg) profiles computed by BRI-
STARS. It can be activated at any time during the execution of BRI-STARS to view
the current water surface profile output or an existing water surface output file
generated earlier. By plotting the water surface and bottom profiles with this utility,
the water and sediment routing processes can be quickly reviewed, and the
simulation results can be visualized.

16
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The menu bar in the BST-PLOT window uses pull-down menus in accordance with
standard Windows applications. Each menu and its contents are explained in
table 1. The steps in using the BST-PLOT utility program are given in the following.

Table 1. BST-PLOT main menu and its contents.

Menu Contents Explanation
File Input File Select a file for plotting
Run Start plotting water surface and bottom profiles
Stop Stop plotting
Goto Frame Gotoa speciﬁed frame
Single Frame Advance Advance one frame
Single Frame Reverse Reverse one frame
Exit Exit BST-PLOT and go back to the BRI-STARS
main window
Edit Select All Select all contents shown on the screen
Select Graph Select graph by highlighting an area on the screen
Copy Copy the contents selected by “Select All" or “Select
Graph” into buffer
Print Print the contents stored in the buffer
View Superimpose Bottom Prof. | Supsrimpose bottomn profile plots
Superimpose Surface Prof. | Superimpose water surface profile plots
Grid On Show grid lines on the screen
Grid Off Do not show grid lines on the screen
Horizontal Axis Change the minimum, maximum, and incremental
values of horizontal axis
Vertical Axis Change the minimum, maximum, and incremental
values of vertical axis
Speed Slow Use slow spaed to plot the profiles
Normal Use the default normal speed to plot the profiles
Fast Use fast speed to plot the profiles
Status Pause Pause the plotting
Window | Full Screen Use full screen to show the profile plotting window
Status Bar Hide the status bar at the bottom of the window
Help About Information about the BRI-STARS Water Surfaca

Profile Plotting utility

1.8.2 Steps in Using BST-PLOT

Step 1 Activate the BST-PLOT utility program by choosing View from the main
menu of BRI-STARS and then choosing Animated WSP/Thalweg Profs.

Step 2 BST-PLOT uses the current water surface and bottom profile output
generated by BRI-STARS as the default input file for viewing. Users can
select a different file to view by using Input File under File menu command.

17



CHAPTER 1 - GETTING STARTED

BRI-STARS USER'S MANUAL

Step 3

Step 4

1.8.3

Choose Run under the File menu command to view the water and botiom
profiles for the selected file.

Choose Exit under File menu command to exit BST-PLOT and to return
back to the main window of BRI-STARS.

Options for BST-PLOT

To view a specified frame (time step). To view the water surface and
bottom profiles for a specified frame (time step), choose Goto Frame under
File menu, then specify the frame number in the “Goto Frame” dialog box.
Click “OK” to view the specified frame. If you click “Cancel,” the operation
will be canceled.

To view the water surface or bottom profiles one frame at a time. To
view the water surface or bottom profiles one frame at a time, you ¢an use
the Single Frame Advance or Single Frame Reverse under the File
menu. This option will advance or reverse plots by a single frame.

To superimpose the water surface or bottom profiles. The previous
water surface or bottom profile plots can be superimposed on the current
screen plot for viewing the changes from preview steps. Click on
Superimpose Bottom Prof. under the View menu to turn on or turn off the
superimpesing of bottom profiles. Similarly, click on Superimpose Surface
Prof. under the View menu to turn on or turn off the supetrimposing of water
surface profiles. By default, superimposing bottorn profiles is chosen.
Superimposing water surface profiles is not selected by default.

To show or hide grids on the screen. Choose Grid On under the View
menu to show grids on the screen, and choose Grid Off under the View
menu to hide grids on the screen.

To specify the view range. Choose Horizontal Axis under the View
menu; then enter the upstream, downstream, and incremental values of
horizontal axis in the “Horizontal Axis" dialog box. Click “OK" to change the
horizontal axis to the specified values for viewing. By clicking “Reset,” you
can set the Horizontal Axis back to the default values determined by the
program. Clicking “Cancel” cancels the operation. Similarly, choose Vertical
Axis under the View menu to change and specify the vertical range for
viewing.

To change the plotting speed. You can change the plotting speed by
using Slow, Normal, and Fast under the View menu. By clicking on Normal
under the View menu, the plotting speed will be set to the normal speed,
which is the default speed when you activate the BST-PLOT window. To plot
the water surface and bottom profiles with slower speed than current plotting
speed, choose Slow under the View menu. You can repeat click on Siow
under the View menu to reduce the plotting speed. Similarly, you can use
Fast under the View menu to increase the plotting speed. By repeat clicking
on Fast under the View menu, the plotting speed will increase
incrementally.

To print the water surface or bottom profile plotting. Use Select All or
Select Graph under the Edit menu to select the range of plotting, and then
click Copy to copy the selected plotting to the buffer. Next, click on Print to
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1.9

print the selected graph, or paste to other Window utilities, such as “MS-
Paint,” for editing.

° To use full screen plotting. Choose Full Screen under the Window menu
to show the plotting window using full screen. To hide the status bar at the
bottom of the plotting window, click on the Status Bar under the Window
menu.

o To pause the plotting. To pause the plotting, click on Pause under Status
menu. Clicking on Resume resumes the window and continues the plotting.

BST-XSECT UTILITY PROGRAM

1.9.1 Introduction

The BST-XSECT (BRI-STARS Cross Section Data Conversion) utility program is
used to convert the unformatted cross section profiles output computed by BRI-
STARS into series of x-y-z points for generating 2- and 3-dimensional cross section
plots. This utility can be activated from the main menu of BRI-STARS at the end of
a simulation run by first selecting the View option and then choosing the X-Sectn
Data Conversion option from the pull-down menu. By converting the unformatted
data into tabulated “station-distance across channel-elevation” series of points, the
model output can be used in a variety of spreadsheet and graphics program, to
display the simulation results.

Table 2. BST-XSECT main menu and its contents.

Menu Contents Explanation
File Input Flle Select a file for cross section conversion
Run Start data conversion
Exit Exit BST-XSECT and go back to the BRI-STARS main
window
Edit Input File Use bullt-in Notepad Plus to view the unformatted cross
section file
Canverted File Use built-in Notepad Plus to view the converted cross section
output file
Print Print the contents slored in the buffer

1.9.2 Steps in Using BST-XSECT

Step 1 Activate the BST-XSECT utility program by choosing View from the main
menu of BRI-STARS, and then choosing X-Sectn Data Conversion.

Step 2 BST-XSECT uses the cutrent cross section profiles output generated by
BRI-STARS as the default input file for conversion. Users can select a
different file for conversion by using Input File under the File menu
command.

Step 3 Choose Run under the File menu command to activate the conversion
process.
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Step 4 Choose Exit under the File menu command to exit BST-XSECT and to
return back to the main window of BRI-STARS.

1.9.3 Options for BST-XSECT

L To generate cross-section profiles at a station at various time steps.
To generate a series of cross section profiles at a station, select (C)hoose
Parts when prompted if (E)ntire file or parts are to be converted. Specify
the station number when prompted, and depending onthe graphics package
format, insert spaces between time steps.

. To generate cross-section profiles at all stations at various time steps.
To generate a series of cross section profiles at all stations, when prompted,
select (E)ntire file.

® To edit (or view) the converted file. Select the Edit option from the main
menu and then choose the Converted File from the pull-down menu.

BRI-STARS QUATTRO PRO EDITOR

1.10.1 Introduction

The BSTEMPLT is a Quattro Pro worksheet with specially programmed macros
(sequences of commands which automate certain procedures) for editing and
entering BRI-STARS input data. The worksheet is color-coded with cell definitions
to facilitate data entry and manipulation. The macros provided in this worksheet
allow users to generate data entry templates automatically. By following the
instructions given for each cell, users can easily enter their data into the worksheet.
If the geometry data, hydrology data, and sediment data are already in a separate
worksheet file, these data can be imported into the current worksheet by the “cut-
and-paste” facility provided by the Windows 95 environment. After entering the data
into the Quattro Pro worksheet, the information can be transferred into the BRI-
STARS input data format automatically.

The “BSTEMPL.WB2" was developed in Corel Quattro Pro for Windows. In order to
use this worksheet, Quattro Pro V6.0 or later for Windows is required.

1.10.2 Steps in Using BSTEMPLT

As shown infigure 5, the three steps in using BSTEMPLT worksheet are: BUILDING
A TEMPLATE, ENTERING DATA, and GENERATING BRI-STARS INPUT FILE.
In the first step, using the built-in macros a data entry template for the specific
problem is generated. This template reflects the basic layout of the data file with
properly ordered records. In the second step, the data for each cel! in the template
is entered manually. In the last step, following the data entry the spreadsheet
information is transferred into BRI-STARS input data format. The details of using
BSTEMPLT are given in the following.
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BUILDING A TEMPLATE
IN QUATTRO PRO WORKSHEET

ENTERING DATA
IN QUATTRO PRO WORKSHEET

GENERATING BRI-STARS
FORMAT INPUT DATA FILE

Figure 6. Steps in using BSTEMPLT.

STEP 1. BUILDING A TEMPLATE

1. Get information about your data.

a) Unit system used in the data, i.e., English units or metric units.

b) Cross sectional data information, including the number of cross
sections and the number of data points at each cross section.

c) The number of discretized data values for the stage-discharge data.

d) The number of discretized data values for the sediment discharge
data.

e) The number of discretized data values for the water temperature

f)

data.

The number of sediment size groups.

As an example, the BRI-STARS input file generated through BSTEMPLT for 15
Bridge data is listed in Examples. The data information collected for this example
problem is given in the following.

(i)
{ii)

(iii)
(iv)

v

The unit system used in the example problem is English units.

Cross sectional data information, including the number of cross sections
and the number of data points at each cross section, is listed in table 3.

The number of discretized data values for the stage-discharge data is 144.

The sediment inflow discharge at upstream boundary is 300,000 tons/day
for 144 time steps.

The water temperature is 55°F for 144 time steps.
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(vi) The number of sediment size groups is 3.

Table 3. Cross sectional data information for |15 Bridge data.

No. of No. of No. of No. of No. of No. of
Cross Data Cross Data Cross Data
Sections | Points Sections | Points Sections | Points
1 29 8 26 15 26
2 29 9 24 16 22
3 29 10 26 17 17
4 29 11 18 18 26
5 26 12 18 19 13
6 28 13 18 20 13
7 26 14 20 21 13

Open “BSTEMPLT.WB2" in Quattro Pro (Version 6.0 or later) for Windows
to start a new data entry task and save it under a different name. Leave the
original “BSTEMPLT.WB2* unchanged.

Note:  For this step, the default startup macro \0 is needed. To check your
startup macro, you may right-click on the Corel Quattro Pro title bar and
choose Application Properties from the QuickMenu or pull down the Edit
menu and choose Preferences. The window titled Startup Macro in the
Macro tab displays the startup macro. This entry must be setto \0. if it is
not \0, modify the entry and recpen the "BSTEMPLT.WB2."

Forexample, after ‘BSTEMPLT.WBZ2" is opened, you save it as "“BSTINPUT.WB2".
From now on, you will work in the Quattro Pro file “BSTINPUT.WB2".

Click the quick button | FEHRAR: &ifiH to specify the unit system. If

the unit system in cell B6 is already in the one you need, then you can skip
this step.

For the example problem, choose “English Unit System.”

Move the cursor downto the “NS” record line and enter the number of a cross
section. Then click on the quick button | GBH&ATE Biss8 BEEHEHT5H

to generate a cross sectional template for the specified humber of cross
sections.

For the example problem, you enter 21. Then click on the
yi glate ) button and choose “GENERATE AND ADJUST

SECTION TEMPLATE” next choose 'USE SPECIFIED NO. OF SECTIONS: 21",
For slower computers, this step may take a while. You should wait until finished.

Move the cursor to the “ST” record for cross section number 1, and enter
the number of data points. Then click on the quick button next to it to
automatically adjust the number of “XS” records, so that the number of “XS”
records matches the number of data points specified in “ST" record for
section 1. Before you use the quick button, make sure the cell showing
Number of Points at Station 1 is highlighted.

For the example problem, go to the cell requiring the number of data points for
cross section no. 1 and change the default value of 50 to 29.

Repeat step 5 for all cross sections to specify the number of data points and
adjust the number of “XS" records for each cross section.
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10.

1.

12.

For the example problem, you enter the number of data points given in table 3 for
other cross sections and adjust the number of “XS” record using the quick button.

Move the cursor down to the “FtH” record Then click on the quick button
AN L inorder

to automatrcally adjust the number of “RH" records for each cross section.

Move the cursor down to the “IT” record; enter the number of time iterations.

For the example problem, you enter 144 for the number of fime iterations.

Move the cursor down to the “SQ” record Then cllck on the quick button
EEsarate R AdiU T STage DISehatie Recor Ate2lto generate the stage-
discharge data template.

For the example problem, you follow the Macro Menu and choose "GENERATE &
ADJUST 'SQ'RECORD TEMPLATE.” Then choose “USE THE VALUE SPECIFIED
IN IT" RECORD: 144." You can choose "ENTER NEW VALUE” to specify a new
value when needed.

Move the cursor down to the ‘Qs” record Then click on the quick button
arBIah ‘ SRt B 2 to generate the

sedrment drscharge data template.

For the example problem, you follow the Macro Menu and choose “GENERATE &
ADJUST 'QS8*' RECORD TEMPLATE.” Then choose "ENTER NEW NUMBER FOR
SEDIMENT DISCHARGE RECQCRDS,” enter 1, and click "“OK.” Choose "USE
SPECIFIED NUMBER FOR 'QS'RECORD: 1."

Move the cursor down to the “TM” record Then click on the quick button
7 et ol 4 to generate the

temperature data template

For the example problem, you follow the Macro Menu and choose "GENERATE &
ADJUST 'TM' RECORD TEMPLATE.” Then choose "ENTER NEW NUMBER FOR
TEMPERATURE RECORDS”, enter 1, and click "OK.” Choose “USE SPECIFIED
NUMBER FOR 'TM' RECORD: 1."

Move the cursor down to the “SF” record. Then enter the number of size
fractions. Click on the quick button next to it to adjust the number of “SG”
records so that the number of "SG” records will match the number specified
in the “SF” record.

For the example probiem, you enter 3.

STEP 2. ENTERING DATA

Once the general data layout is generated, the specified data for each celi in the
worksheet is entered according to the instruction for each cell. The instruction for
each cell in the worksheet is labeled in red (required data) or green (optional data).

You can enter the data manually by following the instructions and entering
the corresponding data for each cell.

Data from an existing spreadsheet file can also be imported by the cut and
paste facility in the Windows environment into the current worksheet.
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STEP 3. GENERATING BRI-STARS INPUT FILE

The information which has been entered into the Quattro Pro worksheet needs to
be transferred mto BRI STARS mput format Thls is done by chcklng on the button

For the example problem, when you click on the quick button, BRI-STARS input file
“BSTINPUT.DAT” is ganerated. The Quattro Pro template file for I5 Bridge is provided in the
BRI-STARS package under the file name “ISINPUT.WBZ2". You can compare your template
file "BSTINPUT.WB2" for the 15 bridge data with “ISINPUT.WBZ2".

1.10.3 Notes

] Color codes used in the worksheet are as follows:

Red — data field description.

Blue — user instruction and tips.

Green — optional fields which may be left unchanged.
Black — fialds which must be filed by the user.

. The macros are stored in pages MACRO and RESOURCES. Do not use
these pages for data editing.

° If you create a block name, be sure not to overwrite existing block names.

. The default values provided in the template file “BSTEMPLT.WB2" are as
follows:

- English unit system.

— 10 cross sections having trapezoidal shape with main channel and left/
right floodplain.

50 data points for each cross section.

3 channel subsections.

Manning roughness value of 0.025.

Coefficients of contraction and expansion losses: 0.1 and 0.3.
3 stream tubes.

20 time iterations.

20 discretized water discharges.

- 20 discretized sediment discharges.

— Yang's Sediment transport equation.

— Active layer thickness muitiplier of 50.

— 20 discretized water temperatures.

— 5 size fractions in the sand size range.

1

1.11 LIST OF BRI-STARS EXAMPLES

The BRI-STARS package is supplied with a series of examples to demonstrate the
various options available in the model. The summary listing is given in table 4 with
the feature of each example.
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Table 4. Examples for BRI-STARS and their features.

Example File Explanation and Features

EXMPLOO1.DAT | ®  CSU Laboratory study

¢  Default-Screen Plotting

¢  RH record to change n=0.02 to 0.04 behind piers

¢  IT record to set convergence limit to 0.0001 ft

®  CL record to set ClL=1

®  NT record to set number of tubes to 4
EXMPL002.DAT e  Dry Creek example with WSPRO input

e [T to set convergence criteria to 0.1 ft

e  SF record to set single sediment size

e  WB to use WSPRO data directly
EXMPLO03.DAT | & Hatchie Data (USGS)

¢ 6 sediment time steps within one hydraulic time step

¢  PVrecords

&  PXrecord for generating cross section files
EXMPLO04.DAT | e CSU lLaboratory Data

®  PE, PS records for local pier scour

e PV records with zooming

¢  RH record to change n=0.02 to 0.04 behind piers

¢ Cl setto 1 at U/S station

e |T to set level of accuracy in hydraulic computations
EXMPLOOS.DAT | e CSU Data

e  CMComment record

e  TMto set temperatures to 70°F

e  Simulation of piers by altering x-sections
EXMPLO06.DAT | e  Lower Tomnillo study

*  RH to show natural channel roughness distribution

° PR to control printout

e NF, 8G, 8D records for sediment routing in graded beds
EXMPL007.DAT ] Red Fox

¢  Global positioning records
EXMPLG08.DAT e  Man-made channsl

e  RC records for multiple rating curves

. DD records for discretized discharges
EXMPLGOO0S.DAT | e  |5-Bridge data

¢  Global positioning

&  Natural river data
EXMPLO10.DAT | e  |5-Bridge data

. Date-Time function for variable time increment step
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2. STREAM TUBE MODEL FOR
AGGRADATION AND DEGRADATION

2.1

STREAMLINES

A streamline is a line to which, at each instant, the velocity vectors are tangent. This
concept is illustrated in figure 6.

v

dr Streamiine

Figure 6. Streamline definition sketch.

Since v and dr are parallel, their cross product must be zero. Expansion of the cross
product yields the equation of streamlines

co2-s (1)

where u, v, and w are the velocity components in the x, y, and z directions,
respectively. Considering two-dimensional flow, the expression for the streamlines
becomes

@ _ dy

(2)

In many flow situations the pattern of the streamline represents very closely the field
lines in a geometrically similar system. When this occurs, the analytical techniques
of the branch of mathematics known as potential flow theory can be used to describe
the flow situation. The potential flow theory assumes the quantity corresponding to
rotation is zero; therefore, the flow must be irrotational. Under these conditions, the
streamline patterns and the Bernoulli equation can be used to calculate the velocity
and pressure variations throughout the flow field.

u v

According to the mathematics of the potential flow theory, the equation of
streamlines (Eq. (2)) defines a differential equation that is exact if there exists a
function y(xy) such that
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dy = -udy + vdx (3)
The test for exactness is
_ou _ov
a9y (4)
which is the condition imposed by continuity. The total differential of y is
oy dy
dy = —Qdx + —=d
4 p. % y (5)
and so, comparing Egs. (3) and (4)
u=—%y‘£ andv:% (6)

Therefors, the x and y components of velocity can be obtained from y, defined as
the stream function. Considering Egs. (3) and (4), it is apparent that

dy =0 (7)

Therefore, streamlines are lines of constant stream function. Additionally, it can be
shown that the rate of flow between two streamlines at successive sections is the
difference between the value of the stream functions,

) -
a=[‘dy = vy -y, (8)

where g is the discharge per unit width. Physically, this can be considered the
definition of the stream function. Since the discharge between any two streamlines
is equal to the difference between them, the velocities vary inversely with the
streamline spacing. Therefore, visual inspection of the streamlines gives a qualitative
picture, and differentiation of the stream function describes a two-dimensional flow
field.

For unsteady incompressible flows, the equation of motion along a streamline is

av 2
.l_s+_a._ £+L+h =0 (9)
g ot oS \ y 2g

where t is the time; V, is the velocity component along a streamline; P is the
pressure; y is the specific weight of water; V is the velocity; g is the gravitational
acceleration; S is the distance along a streamline; and # is the hydraulic head. The
equation of motion perpendicular to a streamline is

ov
f:l_"+i. £+h =
g on\y

where £, is the force acting normal to a streamline; V, is the velocity component
normal to a streamline; « is the direction normal to a streamline; and r is the radius
of curvature of a streamline.

(10

For steady flow, Eq. (9) reduces to

2
£+L+h=[-1s (11)

Yy 2

where H, is a constant along a streamline. For steady irrotational flow, this equation
can be further simplified to
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2.2

2
£+L+h:H (12)
T2

where H is a constant throughout the fluid.

STREAM TUBES

2.3

Stream tubes are imaginary tubes bounded by streamlines. Since the discharge
between streamlines is constant, each stream tube carries a constant discharge
along its length.

Q
2!0ﬁ -] ; -’ ] EJ
= g ®| ~
1 o e o gl
~ = g &
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° 19 o p-22 12 [_'
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Figure 7. Plan view of a study reach using stream tubes.

For steady, incompressible flows, it is possible to write
2

f. + _V_ + h =H
r o 28

where H, is a constant along the stream tube. When applied to real fluids, the total
head H, is not a constant. Due to friction and other local losses, it is reduced in the
direction of flow. Along a river, it is possible to determine the variation of this
quantity. This is the basic assumption in the stream tube computation. The concept
of stream tubes is illustrated in figure 7. In this figure, the stream tubes are shown
in the plan view of a study reach.

GENERAL DESCRIPTION OF THE MODEL

' (13)

The first major component of BRI-STARS is based on a stream tube computer
model with fixed-channel width developed by Molinas (1983a) to simulate streambed
variations in rivers for which sediment and hydraulic data are limited. Using stream
tubes allows the lateral and longitudinal variation of hydraulic conditions as well as
sediment activity at various cross sections along the study reach. The object of the
model is to study complicated sedimentation problems for which there is interaction
between the flowing water-sediment mixture and the alluvial river channel
boundaries. In order to accomplish this purpase, the water surface profile and other
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hydraulic variable computations for supercritical, subcritical, and the combination of
both flow conditions must be carried out without interruption. The bed armoring and
the breaking of the armor layer are incorporated to study longer periods of flow
durations.

The stream tube computer program is a semi-two-dimensional program with the third
dimension, depth, being intrinsically incorporated into the computations. As such, it
has the basic limitations of every two-dimensional program: secondary flows cannot
be simulated. The channel is divided into a preselected number of tubes. The bed
elevation in each stream tube is allowed to move vertically up or down depending on
the flow conditions. As a result, while one section of channel is eroding, another
section might be aggrading. Depending on the number of stream tubes to be used,
the channel cross section changes are averaged across different channel
subsections of varying widths, Since the computer time and space are directly
related to the number of stream tubes to be used, the user is required to decide on
the optimum number of tubes. Bed forms are not simulated due to the lack of a
generally accepted methodology for determining them. Even though provisions are
made to expand the program to include river confluences and middle islands, at this
point these aptions are not available. The channel boundatries are fixed in the lateral
direction, and formation of meander bends cannot be simulated.

The computer model using stream tubes can be applied to a variety of river
problems. It can be used as a fixed-bed model to compute water surface profiles for
subcritical, supercritical, or the combination of both flow conditions involving
hydraulic jumps. This option allows the applications involving the computation of
water surface profiles in man-made channels with clear water, flow profiles over
spillways, or flow profiles in natural river channels where the interaction between the
sediment-water mixture and the channel bed are negligible. As a movable bed
model, the computer program can be applied to route water and sediment through
natural river channels. The use of stream tubes allows the variation of hydraulic
conditions and sediment activity hot only in the longitudinal, but also in the lateral
direction. With the selection of a single stream tube, the model becomes
one-dimensional. Average channel respense to changes in certain riverflow or
sediment conditions can be studied. With the selection of multiple stream tubes, the
model becomes two-dimensicnal. The changes in the cross section geometries in
the lateral direction can be simulated. Since the bed elevation changes are not
averaged overthe entire active channel widths as in one-dimensional models, more
realistic channel erosion or aggradation can be simulated. This option provides
valuable information where certain navigation depths have to be maintained. It can
also be used in bank stability problems to identify expected regions of bank
instabilities. The armoring process provided in the program allows study of river
sedimentation problems for longer periods of time.

The stream tube computer model (Molinas, 1883a, 1983b, 1986; Molinas, Denzel,
and Yang, 1986} for routing water and sediment is composed of three major
components: (i) backwater computations, (i} stream tube computations, and (jii)
sediment routing computations. These computational blocks are linked together as
shown in figure 8.

At each time step, first, backwater computations are carried out for the entire reach
with the channel treated as a single tube. Second, with the computed water surface
elevations, lateral locations of stream tubes at each cross section are determined.
With each stream tube treated as an independent channel, the hydraulic variables
along it are computed. Third, sediment is routed through each stream tube satisfying
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Figure 8. Flow chart for the tube computer model.
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the sediment continuity equation. At the end of these computations, bed material
compositions are revised and channel bed elevations are updated. An armoring
procedure is incorporated into the sediment routing computations. Computations are
proceeded in time through defined water and sediment discharge hydrographs.

280
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s B B

=
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Figure 9. Approximated unsteady discharge hydrograph.

2.3.1 Backwater Computations

Water discharge hydrographs are approximated by bursts of constant discharges as
shown in figure 9. During each constant discharge time block, backwater
computations are carried out without interruptions for subcritical, supercritical, ora’
combination of both flow conditions involving hydraulic jumps. The basic approach
is to solve the energy equation based on the standard-step method. The momentum
equation is used when and where there is a change from supercritical to subcritical
flow conditions involving the possibility of having hydraulic jumps. The details of
these computations are presented in several publications (Molinas, 1983a; Molinas
and Yang 1985).

These uninterrupted water surface profile computations are one of the most
significant features of the BRI-STARS mods!. It is this unique component that makes
the model applicable to water and sediment routing computations through complex
flow conditions.

2.3.2 Stream Tube Computations

The use of stream tubes in routing water and sediment through alluvial channels is
a unique feature of the BRI-STARS model. In the model, the total discharge carried
through the channel is distributed equally among the preselected number of stream
tubes. Along each stream tube, the water discharge remains constant. No lateral
inflow into individual stream tubes from neighboring tubes is allowed. Due to the
assumptions involved at a given station, water surface elevation across the channel
should remain constant. Under these circumstances, the equal discharge locations
and, therefore, lateral stream tube locations, correspond to equal channel
conveyances. Following the initial backwater computations at each station, stream
tube locations across the channel satisfying equal conveyance requirements are
determined. To do this, the channel cross section is initially subdivided into 10
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subsections of equal width. The incremental conveyance of each subsection is
computed and summed. The conveyance of each stream tube is determined by
dividing the total conveyance by the preselected number of stream tubes. The
location of each stream tube can then be determined accordingly.

2.3.3 Sediment Routing Computations

Sediment routing computations in each stream tube are performed by satisfying the
sediment continuity equation which is given as:

— s+ p—= + S—qg:() (14)

where n is the volume of sediment in a unit bed layer volume or one minus porosity.
In this program, n is set equal to a commonly used value of 0.6. A, is the volume of
sediment deposition per unit length, 4, is the volume of sediment in suspension at
the cross section per unit length. Q, is the volumetric sediment discharge, and ¢, is
the lateral sediment inflow.

In the present computer program, the change in the average suspended sediment
volume is set equal to 0 since this quantity is a function of location and flow velocity
and since the changs in velocity during a time step is assumed to be zero. Similarly,
nene of the parameters in the sediment transport function is allowed to change
during a time set.

3]
9 =0 or
ot ox dx

o, _ 40,

(15)

Then the sediment continuity equation becomes:
cA, . dQ, N

] ——n

or  dx
The sediment continuity equation is discretized as follows:
dA, n QP + P, | +P _)dZ

—2 = 17
" 4 (17)

dQs Q-V.'—Qs.’—l

dx Ax; + dx; | (18)
2

where P is the wetted perimeter; Z is the bed elevation above a certain datum; and
i is the cross-section index.

The change in bed elevation, AZ, can be obtained from the sediment continuity
equation (Eq.16) with Egs. (17) and (18), i.e.,

84t (Q,  -Q)
4z, = : : (19)
n 2P, + P, + P )(x +Ax, )

The total change in bed elevation at a given station i is computed from
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NSIZE
4z, = E 4z, (20)
k=1
where NSIZE is the number of size classes. This total bed elevation change is added
to the old bed elevation and the new channel cross section at station /to be used at
the next time iteration determined.

Figure 10. Definition of variables for computation.
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Figure 11. Bed composition accounting procedures.

The flow chart presented in figure 8 shows the process followed in computing the
changes in bed elevation. Since the location of stream tubes across the channel
changes with time and discharge, the changes in bed elevation as well as sediment
size distribution at a given station for different stream tubes are translated to
changes in bed elevation at each point across the channel.

For a given flow condition, due to a layer of large size sediment particles on the
surface of the channel bed, the bed scouring may be limited. Under this condition,
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the bed is said to be armored. Due to the armor layer formed on the surface of the
channel bed, the underlying bed material cannot be transported. The sediment
available for transport becomes limited to the amount of sediment entering the
control volume, For the given flow condition, the armor layer may be formed either
in & particular reach or over the entire study reach of river channel.

However, for flows of greater magnitude, this armor layer may be broken, and the
bed material underneath this layer may become available for transport. Armoring
events may also be experienced in a particular segment across the river channel.

( start )
3
EP =
1ITISTT1MAX « COMPUTE
! Qsixand AZy
¥
} =1,NSTUBE |«
| RrEVISEBED .
AZe <l > COMPOSITION ’( END )
Y
HYDRAULICS
A
[=1,NSTA e
A Qs
AVAILABILITY [—
K=1,NSIZE  |e LIMITED

Figure 12. Logical chart for armoring process.

Mathematical simulation of the armoring process is a complicated task due to large
combinations of possible sediment inflow conditions. A segment of river channel may be
subjected to scouring and armoring during one time step, and may experience
aggradation at the next time step. Therefore, it becomes necessary to keep an account
of bed composition at each cross section. For this purpose, the bed is conceptually
divided into layers. The active layer is the upper fayer of the bed where sediment motion
is experienced. The inactive layer (storage layer) is located beneath the active layer.

Currently, several armoring procedures are being used by various mathematical
models. Almost all these procedures divide the bed into several conceptual layers
of different thicknesses. Also, almost all these procedures utilize the active and
inactive layer concept. However, in each armoring procedure, the sediment
accounting for individual layers is handled differently. In BRI-STARS, the procedure
is based on the one presented by Bennett and Nordin (1977).
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Bed composition accounting in this procedure is accomplished through the use of
two or three bed layers. The number of layers depends on whether scouring of
deposition occurs at the cross saction during the time step. Figure 6 shows the bed
composition procedure described by Bennett and Nordin (1977) for deposition and
scouring cases. According to this procedure the thickness of the active layer is set
equal to a preselected parameter, N, times the geometric mean of the largest size
class used in the simulation. The active layer in this approach is defined as the bed
material layer that can be worked or sorted through by the action of the flowing water
in the time step, 1, to supply the volume of material necessary for erosion. Therefore,
the parameter N defining the thickness of the active layer is related to the duration
of the simulation time step. The value of parameter N should be increased for longer
time steps.

The bed armoring in the mentioned procedure is achieved by the erosion of a
particular size of material being limited to the amount of that size available in the
active layer during a time step. Bennett and Nordin utilize the term "availability
limited” to define the condition for which the sediment transport predicted by a
selected transport equation is greater than the amount of sediment available for that
size fraction. The term "capacity limited" is used to define the condition for which
there is enough bed material present in the active layer to allow the transport
indicated by the preselected sediment transport equation. Armoring is said to occur
if the bed shear stress at a cross section is too low to transport any size present in
the active layer (figure 12).

For the net deposition case, an inactive deposition layer is used. This layer is located
beneath the active layer. When the deposition of a particular size fraction of certain
thickness occurs, this thickness is added to the active layer. Also, an equal thickness
of active layer is added to the inactive deposition layer. The size composition and the
thickness of the inactive deposition layeris recomputed. Finally, the size computation
of the active layer is recomputed and the channe! bottom elevation is updated.

Due to the use of several stream tubes across the channel, the above outlined
process has been slightly altered. The location of stream tubes changes with
changing flow conditions and channel geometry. To account for bed material
composition at the end of each time step bed material composition, active and
inactive bed layer thicknesses for the stream tubes are transferred into point values
across the channel.

At the beginning of the next time step, after the location of the stream tubes has
been computed for the new flow conditions, cross sections are scanned. Points
falling within each stream tube are identified. Within each stream tube, active and
inactive layer thicknesses and bed material compositions are point averaged with
respect to the distances across the channel according to the relations:

npts
Z Py 4%
P -

m = |

(21)

ik
X

(22)

m=1

npts
2. TAL, " dx,
TAL, , =

%
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npis

Y T, Axl.]

— » Kol 23
T]L,-'k _ [ m=1 ( )

X

where P,, is the percentage of sediment in size & at station i; TAL,, and TIL,, are the
active layer thickness and inactive layer thickness corresponding to size fraction &
at station {, respectively; TAL,, ,and TIL,, ., are the active and inactive layer thickness
corresponding to point m, for size fraction & at station i, respectively; X, is the wetted
perimeter of the stream tube at station #; Ax; is the averaged distance between
adjacent points across the channel; and npts is the number of points across the
channel falling within the stream tube.

The sediment transport capacity computations in the present mathematical model
can be carried out by the use of:

Molinas and Wu (1996).

Ackers and White equation (1973).
Engelund and Hansen's equation (1972).
Yang's equations {1973, 1984).

Yang, Molinas, and Wu equation (19986).
Mevyer-Peter Miiller equation (1948).
Generic user-supplied equation.

The user is allowed to use any one of these sediment computation methods by
defining the variable ISED at the sediment input data.

Since Molinas and Wu’s, Ackers and White's, Engelund and Hansen's, Yang's, and
Yang, Molinas, and Wu's original equations compute the total load without breaking
it into size fractions, these methods have been modified. Sediment load
computations for these methods are carried for each size fraction as if the entire bed
material is composed of just one size fraction. The resulting load is multiplied by the
corresponding fraction to give the bed material load for a given size group. This
method of fractional sediment transport computations is known in the literature as
the Bed Material Fraction {(BMF) method. The details of BMF formulations are
presented in chapter 4. Also included in sediment transport equation options (in SE
record) is the newly developed Transport Capacity Fraction (TCF) method which
distributes the total load into fractional rates. This method is used in BRI-STARS in
conjunction with Molinas and Wu (1996) equation. The details and development of
the TCF method are given in chapter 4.

Sediment size distribution in the present program has been handled by the use of
preselected size classes. The user is required to specify the number, lower and
upper bounds of size classes, and the fraction of bed material falling within each size
group. The number of size groups is limited to 10 in the BRI-STARS.
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3. TOTAL STREAM POWER
MINIMIZATION

The second major component of BRI-STARS is a variable width stream tube model.
BRI-STARS can be used to decide whether the channel adjustments taking place
at a given cross section due to scouring/deposition should advance in the lateral or
vertical directions.

The basic too! for this decision-making component is the "Minimum Rate of Energy
Dissipation Theory" developed by Yang and Song (1979, 1981, 1986) and Song and
Yang (1979, 1980, 19824, 1982b), and this general theory's special case "Minimum
Stream Power Theory" used by Chang (1979, 1980a, 1980b, 1982a, 1982b, 1983)
and Chang and Hill (1976, 1977, 1982).

The Minimum Stream Power Theory {Chang, 1980b) states that

For all aliuvial channels, the necessary and sufficient condition of equifibrium
occurs when the stream power per unit length of channel, y 0S8, is a
minimum subject lo given constraints. Hence, an alluvial channel with water
discharge Q and sediment load (, as independent variables, tends to
establish its width, depth, and slope such that yQS is a minimum.

To extend the minimization procedure to channel reaches experiencing gradually
varied flows, stream power (y(05S) should be integrated along the channel. This
expression is defined as total stream power and is given by

P = fx Dy(x) dx (24)

where @(x} = yOS is the stream power at the location x along the river. This
expression can be discretized as {Chang,1982a):

N -1 + 0. :
&, =Y y[Q"S" Q’*‘S‘”] 4X, (25)

T
i=1 2

where N is the number of stations along the reach; AX, is the reach length, or
distance between stations i and i+/; and (.5, are discharge and slope at station /,
respectively.

In BRI-STARS, selecting directions for channel adjustments is accomplished by this
integral expression being minimized for total stream power at different stations.

At a given time step, if alteration of the channel widths results in lower total stream
power than raising or lowering of the channel, channel adjustments are progressed
in the lateral direction. For the opposite case, the adjustments are made in the
vertical direction.

Atcross sections where sediment erosion is predicted following the sediment routing
procedure, channel adjustments can proceed in either deepening or widening
directions. Figures 13 and 14 demonstrate the total stream power variation with
channel width and change in bed elevation for constant water discharge and
elevation (Molinas, 1984). Both channel widening and deepening reduce the total
stream power for the study reach. The selected mode of channel adjustment in the
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computer model is the one resulting in the minimum total stream power for the
reach.

CHANGING CHANNEL WIDTH AT STA. 11000
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Figure 13. Plot of channel width versus total stream power.
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Figure 14. Channel bottom elevations versus total stream power.

Simitarly, at cross sections where sediment accumulation is predicted, channel
adjustments can proceed in raising the bed by sediment deposition on the bed or
along the banks. The selected mode of channel adjustment in BRI-STARS is the
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one resulting in the minimum total stream power for the reach. In both the aggrading
and degrading channel cases, the sediment load is treated as a constriction in the
minimization. In cases where geciogical or manmade restrictions are applied to the
channel deepening or widening processes, computations are performed to
accommodate these constrictions.

The amount of channel width adjustment during a time step is determined by the
sediment continuity equation (Eq. (19)). However, for channel widening or narrowing
computations, the wetted perimeter Pin EQq. (19) is replaced by the hydraulic radius
R. Channel widening or narrowing computations are carried out in the usual way
using Eg. (19). The amount of sediment eroded from the banks from a given reach
is added into the sediment lcads entering that reach in sediment-routing
computations. This sediment load becomes influx for the downstream sections that
follow to conserve the mass balance.
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4. SEDIMENT TRANSPORT EQUATIONS

4.1

INTRODUCTION

In alluvial river modeling, the water routing component is mare reliable than sediment
routing component. While hydraulic computations may achieve a high degree of
accuracy, sediment scour/deposition estimations may be an order of magnitude in
error. As a result, the overall accuracy of simulation may be significantly reduced.
One of the reasons is due o the limitations of sediment transport capacity
estimations. The selection of an appropriate sediment transport formula in a model
is very important in order to accurately simulate the deformation process of a river.

Sediment transport is a complex subject because it involves many variables which
are often interrelated. Therefore, prediction of transport rate has not been
accomplished following a purely analytical method. All existing sediment transport
formulas have been established relying on calibration using flume and field data
collected under so-called steady uniform flow conditions. There are no universal
equations which can be used under all conditions. It is suggested that the selection
of the formulas should be based on: i} theoretical background; i} extent of testing by
original author and independent investigators; iii) extent of use by engineers and
researchers. If measured sediment transport data are available, one may select the
transport equation based on the comparison of computed transport rate with the
measured values.

Sediments in natural rivers occur in the form of nonuniform mixtures. Their transport
in open channels is more complicated than the transport of uniform sediments
because both the condition for initiation of motion of a given size of sediment and its
transport rate are affected by the presence of other sizes in the mixtures. Additional
complexities are involved in the prediction of sediment transport capacity by size
fractions. When different methods are applied to a given river, computed results may
differ drastically from each other and from actual measurements.

Based on the general considerations given above, bed-material sediment transport
equations currently included in BRI-STARS are

. Fine sand equation: Yang, Molinas, and Wu (1996).

* Sand equations: Engelund and Hansen (1972).
Ackers and White (1973).
Yang (1973).
Molinas and Wu (1996).

) Gravel equations: Meyer-Peter and Miller (1948).
Yang (1984).

. User supplied Regression equations supplied by users.
equations:

These sediment transport equations are discussed in this chapter. A comparison
using sediment transport data in natural rivers is also presented.
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4.2

For the computafion of sediment transport by size fractions, two different methods
are used in BRI-STARS in conjunction with bed-material load equations. These two
methods are

. Bed Material Fraction (BMF) method.
° Transport Capacity Fraction (TCF) method.

A brief discussion and comparison of the BMF and TCF methods is also provided
in this chapter.

BED-MATERIAL LOAD EQUATIONS

4.2.1 Fine Sediment Equations

Transport capacity of alluvial sediment by flowing water is inversely proportional to
sediment size. Therefore, transport rate in a river with fine sediment sizes is usually
very high. Large suspended sediment concentrations in heavily sediment-laden
flows, such as those experienced in the Yellow River, increase the viscosity and
reduce the fall velocity of sediment particles, which in turn increases the transport
capacity. Taking into account the effects of high sediment concentrations on fall
velocity, viscosity, and density in heavily sediment-laden flows, Yang's 1979 sand
equation was modified by Yang, Molinas, and Wu (1996) as follows

w d v,
108(Cppyp) = 3.710-0.157log] —— | -1.0971o
v 1)
W w
@
+ [1.432+0.246log[ m ]+0.12310g{—*] log( Tm .‘ft?.]
Vm CDm ys_ym wm
v o= v(y/ym)es'%c‘” 27)

w, = o(1-C )

in which

Yo = PN C,

where Cp,y, is the bed-material concentration by weight in PPM, C, is the suspended
sediment concentration by volume, including wash load, 4 is the median bed material
size, k is an exponent which varies with particle Reynolds number between 2 and 8,
S is the energy slope, V is the mean flow velacity, V, is the shear velocity, y and y,are
the specific weights of water and sediment, respectively, v is the kinematic viscosity
of water, w is the fall velocity of sediment particle d, and subscript m denotes the
water-sediment mixture.

Coefficients for the fine sediment equation were determined by multiple regression
analysis of 580 sets of Yellow River data with median diameter ranging from 0.013
mm to 0.091 mm, and suspended bed-material concentration from 0.05 to 477 kg/m?®
(50 PPM to 368,000 PPM).
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4.2.2 Sand Equations

Engelund and Hansen Equation

Engelund and Hansen (1972) applied Bagnold’s stream power concept and the
similarity principle to obtain their sediment transport equation:

fle = 018" (28)
in which
¢ = W e \[g(%ﬁﬁ (29)
’ (y;(;)d ©0)
f = 287251- (31)

where d is the median fall diameter of bed material, D is the mean flow depth, ' is
the friction factor, g is the gravitational acceleration, g, is the unit bed-material
sediment discharge by weight, s, is the specific gravity of sediment, 1, is the bed
shear stress, @ is the dimensionless transport function, and @ is the dimensionless
shear stress. Substituting (29) - (31) into (28) yields

12¢3/2
¢ -o00s-YP S (32)

v (Sg‘l)zg 1/2d

where C, is the sediment concentration by volume. The Engelund and Hansen
formula was essentially developed using flume data of Guy, Simons, and Richardson
(1966). Strictly speaking, it should be applied to streams with a dune bed in
accordance with the similarity principle. However, it may be applied to upper flow
regime with particle size greater than 0.15 mm without much loss of generality.

Ackers and White Equation

Ackers and White (1973) developed a general sediment discharge function in terms
of three dimensionless groups: D,, (sediment size}, F,, (mobility), and G,, (sediment
discharge). Based on Bagnold's stream power concept, they related the
concentration of bed-material load as a function of the mobility number F,:

| Fey)” 3
& (33

where C, is the sediment concentration by weight, C,, A, r, and m are coefficients.
The sediment mobility number is described by the parameter

|4

V*

d
CW = CASgB

_ V*n v I-n
- 34
J2dG, 1) \/ﬁlog{l—gg] (34)
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They defined the dimensionless grain diameter as

g(sg_l)}lﬂ

v?.

d_=d

ar

(35)

where 4 is bed material size. For nonuniform sediment mixtures, Ackers and White
suggested that d,; be used in replace of 4.

The values of n, A, m, and C, were obtained using 925 sets of flume data. For the
intermediate size range, d, from 110 60 (0.04 to 2.5 mm sediment), these values are

n = 1.0-0.56log(d,,)

023 614

en

ar |
9.66

A

(36)
+1.34

3
"

or
log(C,) = 2.86log(dgr) - [log(a’gr)]2 ~-3.53

The values of n, A, m, and C, for the coarse size range with d,, greater than 60 are
given as

n=00 A=017 m =15 C, = 0025 (37)

Yang’'s Sand Equation

Yang (1973) suggested that the bed-material concentration be related to unit stream
power, which is expressed as the product of the velocity and slope. Yang and
Molinas (1982) showed that the relationship between concentration and unit stream
power can be derived from basic turbulent flow theories. Yang's dimensionless unit
stream equation (Yang,1973) for sand is

w

v v (38)
N [1.799—0.40910g[w—d)v0.31410g[ *Hlo E-_ﬁ]
v [} w 113}

where the dimensionless critical velocity V, /4w at incipient motion can be expressed as

_ wd V*
108(Cpy) = 5:435-0.28610g] 22| -0.45710g] —
v

vd
25 for 12<—2470
v og 22 -0.06 Y
o= o8 v ' (39)
w
V.d
2.05 for 570
v

The Yang equation is dimensionless. Coefficients for the sand equation were
determined by multiple regression analysis of 463 sets of flume data with median
diameter ranging from 0.15 mm to 1.71 mm.
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Molinas and Wu Equation

Molinas and Wu (1996} defined a universal stream power, which was derived from
dimensionless unit stream power and the universal law of velocity distribution, as
follows

V3

" ’ (40)
(sg—l)gDco50

log L2
dy

Based on the universal stream power concept, Molinas and Wu obtained the
following bed-material load equation

1.5
c . - 1430 (0.86 + yy )y (1)

PrM 0.016 +y

By relating sediment concentration to water depth and relative roughness through
W, this equation properly takes into account the effects of depth on the transport of
sediment. It is applicable to natural rivers with sand bed. The coefficients for the
equation were determined based on 513 sets of natural river data ranging from 0.091
mm to 1.15 mm for median diameter of bed material, and from 0.25 m to 62.3 m for
flow depth.

4.2.3 Gravel Equations

Meyer-Peter and Miiller Equation

Meyer-Peter and Miiller (1948) developed an empirical equation for bed load
discharge in natural streams. The general form of the eguation in metric units is

372
k,
y( -k—] R,S = 0.047yd_+ 025p'3g) % (42)
in which
I ! _ 116 B
Dow = Vslpy + Vs = 7577 kr - 26/6190 ’ dm - Zpbkdk (43)

where g,, is the unit bed load discharge by volume, k, is the Strickler's (1923)
coefficient of bed roughness, and is equal to one divided by Manning’s roughness
coefficient n,, d,, is the grain size of bed material for which 90% is finer by dry weight,
in meters, and R, is the hydraulic radius of the bed in meters, Units of p is in t-sec/m*;
and y, y,and y. are in t/m?.

Eq. (42) can be written as follows, as indicated by Chien (1954)
@ = 8(6/-0.047)%* (44)
where 6 = yR,S/yd (k 1k = Ok Ik ).

The experiments in developing the Meyer-Peter and Miller formula were made in
laboratory flumes with widths ranging between 0.15 m and 2 m, water depth between
0.01 m and 1.20 m, effective diameter of sediments between 6.4 and 30 mm, and
specific gravity for sediments from 1.25 to over 4. This formula is therefore more
applicable to coarse sediments with little suspended load. Since the suspended load
is usually only a very small portion of the sediment in transport in grave! bed, the bed
load may be treated as total bed-material load.
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4.3

Yang's Gravel Equation

Yang (1984), following the same dimensioniess analysis and multiple regression
methods used in deriving his sand equation (Yang, 1973), derived an equation to
compute the bed-material concentration for gravel bed channels. Yang's
dimensionless unit stream power equation for gravel is

v
10g(Cppy) = 6.681 '0.63310g( “’_d] —4.81610g( -i]
14 4]

v
. [2.784 -0.305 log{ E’.‘E) - 0.28210g{ —*]
v w

The dimensionless critical velocity V,./w at incipient motion can also be computed
by Eq. (39). Coefficients for the gravel equation were determined by multiple
regression analysis of 166 sets of flume data with median diameter ranging from
2.46 mmto 7.01 mm.

[ w

(45)
log( E - E]

4.2.4 User Supplied Equations

It has been common practice to assume that the rate of sediment transport or the
magnitude of sediment concentration can largely be related to certain dominant
variables such as water discharge, velocity, the energy gradient, shear stress,
stream power, unit stream power, universal stream powet, relative roughness, the
Froude number, etc. Therefore, in cases where none of the existing sediment
transport equations give satisfactory results, regression equations relating sediment
transport to these parameters are developed. These equations use the existing data
collected from a river station and plot sediment load or concentration against water
discharge, velocity, slope, depth, shear stress, stream power, unit stream power, and
universal stream power. The least scattered curve without systematic deviation from
one-to-one correlation between dependent and independent variables is selected as
the sediment rating curve for the station. Relations thus developed are often most
reliable.

The basic form of user supplied equations in BRI-STARS is expressed as follows
0, = C,Ves D%a 0 (46)

where Q, . is the sediment load for size fraction k by weight, Q is the water discharge,
and C, - C, are user-supplied coefficients.

COMPARISON OF BED-MATERIAL LOAD EQUATIONS

There are numerous transport equations in literature to estimate sediment transport
in alluvial rivers. Comparison and evaluation of transport equations can be found in
American Society of Civil Engineers {1975}, White, Milli, and Crabbe (1975}, Alonso
(1980), Brownlie (1981), Yang and Molinas (1982), Vetter {1988), and Yang and
Wan (1991). However, the data bases used in these comparisons come mainly from
flume experiments. Therefore, the conclusions made from these comparisons may

not be approptiate for the field applications involving use of numerical modeling of
natural rivers. :

One of the most recent comparisons based on reliable field data was made by
Molinas and Wu (1996). This new comparison emphasizes the behavior of the
selected equations in natural rivers. The sediment transport data are collected from
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small, medium, and large rivers. The wide range of flow conditions selected for the
analysis is intended to show the effects of depth on the transport of sediment. Data
from medium and large rivers include those from the Amazon and Orinoco River
Systems (Posada, 1995), Mississippi River System (Posada, 1995), Atchafalaya
River at Simmesport, Louisiana (Toffaleti, 1968), Mississippi River at Tarbert
Landing, Mississippi (Toffaleti, 1968), Mississippi River at St. Louis, Missouri
(Toffaleti, 1968), and Red River at Alexandria, Louisiana (Toffaleti, 1968). The small
river data include the data from the Niobrara River near Cody, Nebraska (Colby and
Hembree, 1955), Middle Loup River at Dunning, Nebraska (Hubbell and Matejka,
1959), Rio Grande River near Bernalillo, New Mexico (Toffaleti, 1968), and Rio
Grande Conveyance Channel, New Mexico (Culbertson, Scott, and Bennett, 1972).
A summary of these data is given in table 5. The total of 513 sets of data include flow
depths in the ranges of 0.25m to 1.50m for small rivers and 1.10m to 62.33m for
medium and large rivers.

Table 6 summarizes the comparisons of the equations of Engelund and Hansen,
Ackers and White, Yang, and Molinas and Wu. The Toffaleti {1968) method is also
included in comparisons since this equation was derived mainly from field data. For
432 sets of medium and large river data compared, the Molinas and Wu equation
and Toffaleti's method give mean discrepancy ratios of 1.02 and 1.20, respectively.
The Engelund and Hansen formula gives a mean discrepancy ratio of 2.28, which
indicates that this method, on the average, overestimates the sediment transport
rate. A similar conclusion for the Engelund and Hansen formula was arrived at by
Posada {(1995). Posada found that the Engelund and Hansen formula overpredicts
the sediment transport rate by a factor of about two for deep rivers. The mean
discrepancy ratios corresponding to the Ackers and White foarmula and the Yang
formula are 0.69 and 0.86, respectively. This indicates that these two formulas
underpredict the sediment transport rate in large rivers. This result is consistent with
that of Brownlie (1981). The average geometric deviations and the mean normalized
errots listed in table 6 quantify the range of errors for the computed quantities using
various methods. The average geometric deviations are 1.62, 2.00, 2.49, 3.90, and
1.80, and the mean normalized errors are 47.8, 170.7, 61.5, 85.0, and 63.7 for
Molinas and Wu, Engelund and Hansen, Ackers and White, Yang, and Toffaleti
formulas, respectively. Among the selected equations, the best agreement between
the computed and measured values is given by the universal stream power equation
of Molinas and Wu. Toffaleti’'s method also gives reasonable predictions for medium
and large rivers. The discrepancy ratios listed in table 6 also show the accuracy of
each equation through another statistical method. The values of discrepancy ratios
indicate that the Molinas and Wu equation ranks at the top of the five equations in
all ranges.

For the 81 sets of small river data compared, the Molinas and Wu equation provides
the most reliable estimation for total bed-material load. The Engelund and Hansen,
Ackers and White, and Yang formulas, and Toffaleti's method can all predict the
sediment transport rate with reasonable accuracy.

The comparison between computed and measured total bed-material
concentrations for the five equations are also plotted in figures 15-19. Through the
above comparison, the following conclusions are reached:

1. The sediment transport equations developed based on a narrow range of
flow depth from flume experiments do not properly account for depth effects on the
transport of sediment, and they cannot be extrapoiated to large or deep rivers. The
use of dimensionless, homogeneous parameters in an equation is not sufficient to
ensure its applicability to flow conditions where depth variation are significant
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Tabte 5. Summary of river data.

Data Source Flow Flow Median Geometric | Bed-Material | No.
Discharge Depth diameter Standard | Concentration | of
(m%s) {(m) {mm) Deviation (PPM) Data
(1 (2 (3) (4) (5) (6) (7)
(a) Medium and Large Rivers
Amazon and Orinoco 8.6-235000.0 | 1.10-62.33 | 0.093-0.90 | 1.31-4.23 0.12-850 82
River Systems (Posada
1995)
Mississippi River 332.0-34100.0 | 2.92-21.8 | 0.18-0.99 | 1.32-5.53 0.23-370 85
System (Posada 1995)
Atchafalaya River at 382.3-14188.3 | 6.10-14.75 | 0.091-0.31 1.29-1.93 0.6-570 72
Simmesport (Toffaleti
1968)
Mississippi River at 4248.0-28829.8 | 6.74-16.40 | 0.18-0.33 1.38-2.0 12-260 53
Tarbert Landing
(Toffaleti 1968)
Mississippi River at St. 1512.3-21608.2 | 4.66-17.28 | 0.18-1.15 | 1.33-3.73 7-510 111
Louis (Toffaleti 1968)
Red River at Alexandria 190.3-1537.8 3.00-7.38 | 0.10-0.22 | 1.33-2.60 7.9-500 29
(Toftaleti 1968)
Total of Medium and 8.6-235000.0 | 1.10-62.33 | 0.091-1.15 | 1.29-5.53 0.12-850 432
Large Rivers
{b} Small Rivers
Niobrara River near 5.86-16.06 0.42-0.58 | 0.22-0.35 | 1.51-2.35 260-1600 19
Cody (Colby and
Hembree 1955)
Middle Loup River at 9.34-12.54 0.25-0.37 0.22-0.42 1.65-2.40 410-1830 15
Dunning (Hubbell and
Matejka 1959)
Rio Grande River near 35.1-286.0 0.33-146 | 0.21-0.39 | 1.62-1.88 460-4600 38
Bernalillo (Toffaleti
1968)
Ric Grande 25.2-36.53 0.89-1.50 | 0.18-0.29 | 1.38-1.86 910-3060 8
Conveyance Channel
(Culbertson, et al.
1972)
Total of Small Rivers 5.86-286.0 0.25-1.50 | 0.18-0.42 | 1.38-2.40 260-4600 81
(¢} All Rivers
Total of all River Data 5.86-235000.0 | 0.25-62.23 { 0.091-1.15 | 1.29-5,53 0.12-4600 513
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Table 6. Summary of comparison between computed and measured bed-material concentrations.

Author Data in Range of Discrepancy Ratio, A % (%} Average Mean Number
of Geometric | Normalized of
Formula 2 Deviation Error Data
0.75-1.25 | 0.5-1.5 | 0.25-1.75 | 0520 | R o MNE™ (%) N
(a) Medium and Large Rivers
Engelund 222 47.2 68.1 58.6 2.28 2.00 170.7 432
and Hansen
Ackers 16.2 43.8 80.7 46.7 0.69 249 61.5 432
and White
Yang 11.3 271 55.8 28.2 0.66 3.90 85.0 432
Molinas 36.3 69.7 87.1 771 1.02 1.62 47.8 432
and Wu
Toffaleti 31.2 61.8 79.4 70.6 1.20 1.80 63.7 432

{(b) Small Rivers

Engelund 2986 56.8 77.8 76.5 1.23 1.62 55.3 81
and Hansen
Ackers 18.5 70.4 95.1 74.1 0.75 1.66 40.2 81
and White
Yang 23.5 861.7 95.1 67.9 0.77 1.75 43.3 81
Molinas 51.9 84.0 95.1 87.7 0.92 1.42 33.3 81
and Wu
Toffaleti 44.4 77.8 90.1 82.7 1.08 1.50 44.8 81
(c) All Rivers
Engelund 23.4 48.7 69.6 61.4 212 1.94 152.5 513
and Hansen
Ackers 16.6 48.0 83.0 51.1 0.7¢ 2.34 57.8 513
and White
Yang 13.3 32.6 62.0 34.5 0.68 3.44 78.4 513
Molinas 38.8 71.9 88.3 79.0 1.01 1.59 45.5 513
and Wu
Toffaleti 33.3 64.3 81.1 72.5 1.18 1.75 60.80 513
= 1 1<
Notes: (i) R = C/C,, W R==3CJC,==)R
N N5
N YW cJ/C,, for C <C N|C -C
(i) o - (Hr] . e Vi = m (iv) MNE - _@_E e “m
i=1 Crm/ Crc for Cn:)Crm N 4 Crm
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2. The Engelund and Hansen, Ackers and White, and Yang formulas are all
applicable to small rivers with shallow flows. For medium and large rivers, Engelund
and Hansen formula overpredicts the transport rate, while the Ackers and White, and
Yang formulas underpredict the transport rate. For natural rivers, Toffaleti’s method
gives reasonable predictions of sediment transport rates.

3. The relationship between C,and universal stream power, ¥, represents the
sediment transport phenomena for natural rivers. The statistical analysis using 513
sets of measured data with large depth variation shows that the universal stream
power equation proposed by Molinas and Wu is the most accurate predictor for
estimating the total bed-material concentration in the sand range for all cases of
natural rivers, including medium and large, and small rivers.

TRANSPORT CAPACITY BY SIZE FRACTIONS

Investigations of sediment transport capacity by size fractions can be classified into
four groups (Wu and Molinas 1996): direct computation by size fraction method,
correction of shear stress method, bed material fraction (BMF) method, and
transport capacity fraction (TCF) method. They are described in the following.

Direct Computation by Size Fraction Method

The Direct Computation by Size Fraction Method includes those of Einstein (1950),
Laursen (1958), and Toffaleti (1968, 1969}, methods which were originally developed
to compute the sediment transport rate by size fraction for nonuniform sediment
mixtures. Generally speaking, this group of methods was found unsatisfactory in
predicting transport rate by size fractions. This is due to the complexity of transport

54



BRI-STARS USER'S MANUAL CHAPTER 4 - SEDIMENT TRANSPORT EQUATIONS

of sediment mixtures and the lack of understanding of the motion of individual size
and its effect on other sizes.

Correction of Shear Stress Method

Correction of Shear Stress Method focuses on extending a uniform sediment
transport formula or a total transport rate formula to nonuniform sediment mixtures.
In doing so, the actual shear stresses acting on each size fraction of the sediment
mixture are corrected by introducing a correction factor. Relevant contributions
following this approach are those of Ashida and Michiu (1973), Day (1980), Profitt
and Sutherland {1983), Misri, et al. (1984), and Samaga, et al. {1986a, 1986b).

Bed Material Fraction Methad

The Bed Material Fraction (BMF) Method assumes that the sediment transport rate
by size fractions can be determined by multiplying the potential transport rate with
the available fraction in the bed material, i.e.

Co = Pl (47)

in which C, is the sediment concentration of size fraction k, C, is the potential
concentration of size fraction & in the case of uniform sediment in identical hydraulic
conditions, P,, is the fraction of bed material by weight, corresponding to the size
fraction k, and & is the size fraction index. In using the BMF method given by Eq.
(47), the potential concentration can be computed with any available bed-material
formulas, such as those of Engelund and Hansen, Ackers and White, Yang, and
Molinas and Wu, developed using a single representative size of bed material. As
an example, the Engelund and Hansen formula may be used to determine the
potential bed-material concentration for size group k from

VD 1/25 32

PSR (48)
(Sg_ 1)2g IIde

C, = [pbk] [0.05

where C, is the bed-material concentration of size fraction £ by volume and d is the
representative diameter of bed material of size fraction &.

This approach has been widely used in numerical models. However, it is generally
considered to be too simple to account for the interactions of different size particles
present in sediment mixtures. Molinas and Wu (1998) showed that the computed
concentrations by size fractions are close to the measured values at the values of
d,Jdgaround 1, and the computed values diverge from the measured ones at
smallest and largest values of 4,/d,,.

Transport Capacity Fraction Method

The Transport Capacity Fraction (TCF) Method first computes the total sediment
concentration by the use of a total sediment transport equation. Then the computed
total concentration is broken into size fraction concentrations by a transport capacity
size distribution function. This concept is expressed as

Crk = pckcz ! ;pdz =1 (49)

where p,, is the fraction of sediment transport capacity by weight, corresponding to
size fraction k. The total sediment concentration C, can be determined by using the
available bed-material transport formulas mentioned above, For the computation of
transport capacity size fraction, several methods have been developed in the
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4.5

literature, such as those of Karim and Kennedy {1981), Li (1988), and Molinas and
Wu (1998).

By extending the concept of the BMF mathod and introducing a term to account for
the sheltering and exposure effects on a given size fraction due to the presence of
other sizes in the bed material, Molinas and Wu (1998) and Wu and Molinas (1996)
obtained their transport capacity size fraction formula as follows

a P
d d
Py = p (50)
dk ) dk
d,= [t + (61",

2 -2
a = -2.85exp-1000] 2| | 2
v, | 4

B =020,

in which

b {51)

¢ = 2.16F
where o, is the standard deviation of bed material size (o, =yd,/d ;). The
coefficients were determined with flume and field data ranging from 0.10 mmto 0.90
mm for median size of bed material, and from 1.25 to 3.0 for g,. This formula is
applicable to the computation of bed-material transport capacity for size fractions

falling in the sand range.

COMPARISON OF TRANSPORT CAPACITY BY SIZE
FRACTIONS

The computations of sediment transport capacities by size fractions using the BMF
and TCF methods were recently compared with flume and field data by Molinas and
Wu (1998). This comparison requires the data including both bed-material size
distribution and totat bed-material load size distribution measurements. The avaitable
data which meet the requirement are the flume data of Einstein (1978), Einstein and
Chien (1953), and Samaga, et al. (1986a, 1986b), and the field data from the
Niobrara River near Cody, Nebraska (Colby and Hembree 1955) and the Middle
Loup River at Dunning, Nebraska (Hubbell and Matejka 1959). A summary of these
data is given in table 7. Data estimating unmeasured load near the bed surface by
the use of indirect methods are not included in this paper. The complete data set
incorporates 118 measurements containing 866 data points. The median diameter
of the bed material falls in the sand range and the standard deviation is in the range
1.251t0 3.0.

According to the BMF method, the bed-material transport capacity by size fractions
can be obtained by multiplying C,, with P,,. The bed-material concentrations for
individual size fractions of sediment mixtures are computed by the use of Engelund
and Hansen, Ackers and White, and Yang equations to compute the potential
concentration, C,,, respectively. The computed results for the 118 sets of laboratory
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Table 7. Summary of laboratory and river data.

Data Source Flow Flow | Median | Geometric | Bed-Material No. of
Discharge| Depth }Diameter| Standard | Concentration | Data
(m¥sec.) | (m) {mm) Deviation (kg/m®) Sets
of Bed Size
) (2) 4) (7) (8) 9 (10)
{a) Laboratory Data
Einstein (1950) -f 0.019 | 0.089 | 0.108 1.245 1.32 29
-0.042 | -0.139 | -0.903 -2.158 -40.56
Einstein and Chien {1953) 0.043 | 0177 | 0.104 1.414 2.12 22
-0.066 | -0.237 | -0.381 -2.968 -60.21
Samaga, et al. {1986) 0.0056 | 0.056 | 0.212 1.480 3.40 33
-0.015 | -0.101 -0.404 -2.480 -10.08

(b} River Data

Niobrara River near Cody 5.86 0.421 0.215 1.514 0.26 19

(Colby and Hembree 1955) -16.06 | -0.576 | -0.349 -2.345 -1.60

Middie Loup River at Dunning 9.34 0.250 | 0.219 1.651 0.41 15

(Hubbell and Matejka 1859) -12.54 | -0.370 | -0.424 -2.403 -1.83

Total of Laboratory 0.0056 | 0.056 | 0.104 1.245 0.56 118
and River Data -16.06 | -0.576 | -0.903 -2.968 -60.21

Table 8. Summary of comparison between computed and measured bed-material
concentrations of individual size fractions.

Author Methed Data in Range of Standard Mean Number
of of Discrepancy Ratio, A" (%) ] Deviation Normalized of
Formula | Computation g Error, MNE® Data
0.75- | 05- | 0.25- | 0.5- | fieym? (%) Points
1.25 15 1 176 | 2.0 (kg/m’)
(1) () (8) 4 (5) (6) ) (8) 9
Engelund BMF 19 38 56 48 1.75 110.5 886
and
Hansen TCF 25 48 68 57 1.62 84.4 886
Ackers BMF 22 44 65 49 21.75 145.8 886
and
White TCF 24 49 74 55 1.38 66.2 886
Yang BMF 19 40 56 52 2.01 133.9 886
TCF 24 48 69 57 1.69 84.9 886
> Y (c.c,f
Notes: (i) R - €,/C, (i) o= -t — """ (i) mng - 195 3G Cm
N-1 N5 % C

In which i = data set number, k = data point number in a set, and N = total number of data points.
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Figure 20. Computed and measured bed-material concentrations for individual
size fractions by the BMF method using the Engelund and Hansen equation.
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Figure 21. Computed and measured bed-material concentrations for individual
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58



BRI-STARS USER'S MANUAL CHAPTER 4 - SEDIMENT TRANSPORT EQUATIONS

100 + l
c) Yan
o ( ) g Qttf"l'
& 10 S 1
o TR
IJEJ “AA L=yt '\ﬂé‘i’ | »
T o A Einstein
z : =
(3} ) “'f" k4
z R Einstein & Chi
w A P instain ien
o 01 PO -1 i) -
5 - ﬁ‘: o Et;%g”
o« gm0 0 B5 Samaga
o Py & A 2 e o q
3 0.01 Y “ ; :‘i V:‘I = * =
> . s
z Y S0, i Cody & Dunning
' 0.001 = = 0
G
Ak
Y
'y
0.0001 S L LI a2 E e S T e T
0.0001 0.001 0.01 0.1 1 10 100
Cimi, IN KILOGRAMS PER CUBIC METER

Figure 22. Computed and measured bed-material concentrations for individual
size fractions by the BMF method using the Yang equation.

and river data are compared with the corresponding cbserved values in figures 20-
22. In these figures, C,, and C,, are computed and measured bed-material
concentrations in kg/m?®, respectively, corresponding to the size fraction, k. It can
be seen that, even though on average the equations represent the data, a large
scatter exists between computed bed-material concentrations of individual size
fractions and measured values. The scatter is almost in the range of two
logarithmic scales for all three formulas. The ratio of computed fractions of bed-
material load to the measured fraction of bed-material load against the relative
diameter of the bed material are shown in figure 23 by the use of the Engelund and
Hansen equation. Values of P, /P, equal to 1 indicate perfect agreement.
Generally speaking, the values of P,,,/P,,, are near perfect agreement at values of
d,/d,, around 1; and the values of P,../F,,, diverge from the perfect agreement at
smallest and largest values of d,/d,,.

By applying the TCF method, the fractions of sediment transpott capacity can be
computed by Molinas and Wu equation. The ratio of computed fractions of transport
capacity to the measured fractions of bed-material foad forthe 118 sets of data are
plotted against 4, /d,, in figure 24. In can be seen that most of the points fall in
around the perfect line of P_/P,,. equal to 1.

Next, the total bed-material concentration, C, is computed by the use of the
equations of Engelund and Hansen, Ackers and White, and Yang, respectively.
Then the bed-material concentrations, C,, of individual size fractions can be
obtained by multiplying C, with P,. The results computed by the use of the
Engelund and Hansen, Ackers and White, and Yang formulas are shown in figures
25-27, and are summarized in table 8 with the 118 sets of laboratory and river data.
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Figure 23. The variation of P,/ P, versus d,/ dy, for the Engelund and Hansen
equation by the use of the BMF method.
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Figure 25. Computed and measured bed-material concentrations for individual
size fractions by the TCF method using the Engelund and Hansen equation.
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Figure 26. Computed and measured bed-material concentrations for individuai
size fractions by the TCF methed using the Ackers and White equation.
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Figure 27. Computed and measured bed-material concentrations for individual
size fractions by the TCF method using the Yang equation.

As shown in table 8, by using d,, (and d,,) for computing C, and by using the
Molinas and Wu equation for computing P,, the standard deviation between
computed and measured bed-material concentrations of individual size fractions
for the Engelund and Hansen, Ackers and White, and Yang formulas was reduced
significantly from 1.75, 21.75, and 2.01 to 1.62, 1.38, and 1.69, respectively. The
mean normalized error was also significantly reduced from 110.5, 145.8, and 133.9
to 84.4, 66.2 and 84.9, respectively.

The comparison demonstrates the limitations of the BMF method in calculating the
transport rates of individual size fractions for nonuniform sediment mixtures
because it neglects the effects due to the presence of the other size fractions.
There is considerable scatter between computed and measured transport rates for
individual size fractions. Generally speaking, the values of P_/P_, are near perfect
agreement at values of d,/d;, around 1; the values of P, /P,,, diverge from perfect
agreement at the smallest and largest values of 4, /d;,. Therefore, this method is
only acceptable from a qualitative point of view.

Combining the concept of the TCF method with the use of the Molinas and Wu
equation for the computation of the fraction of bed-material sediment transpon
capacity gives better prediction for the transport rates by size fractions. This is
because the TCF method avoids any additional error in estimating the total bed-
material load and also accounts for the effect on the transport of individual size
fraction due to the presence of other size fractions in the sediment mixtures.
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5. BRIDGE AND ABUTMENT SCOUR

If an obstruction is placed in a stream, the flow pattern in the vicinity of that
obstruction will be modified. Since the transport capacity is a function of the flow
characteristics, the transport capacity pattern will alse be modified. In an area where
the transport capacity is not equal to the rate at which material is supplied, scour or
deposition must occur.

Scour can then be defined as the enlargement of a flow section by the removal of
material composing the boundary through the action of fluid in motion.

The total scour at a river crossing is composed of three components that, in general,
are additive:

® General scour, due to long-term changes in the river bed elevation
(aggradation or degradation), which would occur whether an encroachment
is present or not.

. Contraction scour, resulting from the constriction of the waterway, either
natural or due to the bridge and its approaches.

L Local scour, a consequence of interference with flow by piers or abutments,
which accelerate the flow-creating vortices that remove the material around
them.

Laursen (1952) stated the general basic characteristics of any analysis of local
scour, as follows:

1. The rate of scour will equal the difference between the capacity for transport
out of the scoured area and the rate of supply of material.

2. The rate of scour will decrease as the flow section is enlarged.
3. There will be a limiting extent to scour.
4. This limit will be approached asymptotically.

Local scour can occur in one of two ways: clear-water scour or live-bed scour.
Clear-water scour occurs when there is no bed material movement at the upstream
of the stream crossing, but the acceleration of the flow and vortices created by the
piers or abutments cause the material to move. The bed shear stresses away from
the scour area are thus equal to or less than the critical or threshold shear stress
necessary for the initiation of particle movement. The maximum scour depth is
reached when the flow can no longer remove particles from the scour hole.

Live-bed scour (also referred to as scour with sediment transport) occurs when there
is movement of the bed material upstream of the crossing. Live-bed scour fluctuates
in response to passage of bed forms about an equilibrium scour depth. This
equilibrium scour depth is reached when, over a period of time, the amount of
material removed from the scour hole by the flow equals the amount of material
supplied to the scour hole from the upstream boundary. Figure 28 shows
diagrammatically the development of scour depth with time and the relationship
between scour depth and approach velocity. Maximum depth of scour is about 30%
larger than equilibrium depth of scour when the upstream channel bed form is
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5.1

classified as dunes. If the bed form upstream is classified as a plane bed, then the
maximum depth of scour is equal to the equilibrium depth.

Equilibrium
T Scour Depth .
. l
: - 1
2 a !
8 LiveBed 3 .
@ Clear-Water w 3\;3:; ! Live-Bed
Time Velocity i
(@) (b)

Figure 28. Scour depth for a given pier and sediment size as a function of time and
of approach velocity (Raudkivi and Suthetland, 1981).

With antidunes occurring upstream and in the bridge crossing, the maximum depth
of scour is not well known but is assumed to be about 20% greater than the
equilibrium scour depth.

LOCAL SCOUR AT BRIDGE PIERS

5.1.1 Flow Field Around a Pier and Scour Process

The dominant feature of the flow near a pier is the large-scale eddy structure, or the
system of vortices which develop around the pier. These vortex systems are the
basic mechanism responsible for the local scour at bridge piers. Depending on the
type of pier and the free-stream conditions, the eddy structure can exhibit any of
three basic vortex systems: i) the horseshoe-vortex; i) the wake-vortex; and iii) the
trailing-vortex.

In the vertical plane, the flow velocity approaches zero in the vicinity of the upstream
face of the pier, resuiting in a downward pressure gradient. This gradient drives the
downward flow of water at the upstream face of the pier. If the pressure field is
sufficiently strong, it causes a three-dimensional separation of the boundary layer
which rolls up ahead of the pier to form the horseshoe-vortex system. Then the
horseshoe vortex develops as a result of flow separation at the upstream rim of the
scour hole. This vortex extends downstream past the sides of the pier for a length
comparable to a few pier widths before it diffuses and becomes part of the general
turbulence. A pier inducing a sufficiently large pressure gradient to initiate the
process described above is defined as blunt-nosed. All other piers are referred to as
sharp-nosed. Some pier shapes, such as wedge or lenticular, may be considered
either blunt-nosed or sharp-nosed depending upon the wedge angle and the angle
of attack of the undisturbed flow.

The stagnation pressure causes not only a downward flow, but also lateral
acceleration of flow past the pier. The separation of flow at the sides of the pier
creates wake-vortices at the edge of the boundary layer. These vortices are
translated downstream with the flow and interact with the horseshoe-vortex at the
bed, causing it to oscillate laterally and vertically. The wake vortices also cause
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disturbances which lift sediment from the bed. The strength of the vortices in the
wake system varies significantly with pier shape and approach flow velocity. A
streamlined pier will create a relatively weak wake, whereas a blunt body will
produce a very strong one.

Surface roller

Horseshoe
vortex

Scouring

Figure 29. Flow pattern at a cylindrical pier (Raudkivi).

The trailing-vortex system usually occurs only on completely submerged piers, and
is composed of one or more discrete vortices emanating from the top of the pier and
extending downstream. These vortices form when finite pressure differences exist
between two surfaces meeting at a corner, such as the edge at the top of the pier.

Finally, a bow wave develops at the surface, with rotation in the opposite direction
of the horseshoe-vortex. The bow wave becomes important in relatively shallow
flows, where it interferes with the approach flow and causes a reduction in the
strength of the downward flow.

Figure 29 shows the flow pattern at a cylindrical pier. Several general characteristics
shown in this figure are common to the scour patterns around all pier shapes. The
upstream portion of the hole has the approximate torm of an inverted cone, with side
slopes equal tc the angle of repose of the bed material. Deposition which occurs in
the low velocity area behind the pier divides the downstream portion of the scour
hole into two separate tails.

5.1.2 Analysis of Scouring Parameters

The parameters which influence scour around bridge piers can be arranged into four

main groups:
1. Fluid variables:
L Density of fluid.
. Kinematic viscosity of fluid.

67



CHAPTER 5 - BRIDGE AND ABUTMENT SCOUR BRI-STARS USER'S MANUAL

2. Streamflow variables:
. Depth of approach flow.
. Mean velocity of undisturbed flow.
. Roughness of the approach flow.
3. Stream bed materials:
* Grain diameter and form.
. Grain size distribution.
® Density of the sediment.
] Cohesive properties.
4, Bridge pier variables:
L Pier dimensions.
® Pier shape.
° Surface roughness.
L Number and spacing of the piers.
. Orientation of piers to approach flow.
° Pier protection.

Because of the complexities and costs of measurement, analysis, and evaluation of
all of the above-mentioned variables, many investigators assume some restrictive

conditions:

° The differences between the laboratory and field values for density,
viscosity and acceleration due to gravity can be neglected.

L Channels can be considered sufficiently wide so that the bridge pier
does not cause significant contraction of flows.

. Alluvial noncohesive (often uniform) bed material.

L Perfectly smooth piers without scour protection systems, such as
riprap.

These assumptions and restrictions reduce the list of variables to:

L Density and kinematic viscosity of the fluid;

L Sediment diameter and density;

® Approach flow depth and mean velocity of the undisturbed flow;
. Pier width, shape, and orientation.

5.1.3 Influence of Parameters

Flow Depth

Several pier scour studies in the past have related depth of scour to the ratio of flow
depth to the pier width (v / b). Experimental and field observations of pier scour,
however, have shown that for y / b > 3 the influence of this parameter can be
neglected. Due to the complex three-dimensional pattern of flow past the pier,
analytical determination of the effect of flow depth is not possible. However,
expetrimental and field observations indicate that for shallow flow depths the depth
of scour increases with depth of fiow, The effects of flow depth on pier scour
diminish with increasing depth. For large flow depths, the depth of scour is almost
independent of depth of flow.
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Figure 30. Scour depth vs. velocity (Melville, 1984)
Pier Size

The pier size primarily affects the time needed for the local clear-water scour to
reach an equilibrium depth. Since the depth of scour varies proportionally with the
pier width, the volume of the conical-shaped scour hole formed around the upstream
half of the pier varies directly as the cube of the pier width (b?). As the size of the
pier increases, the scour volume and the time required to erode the bed around the
pier at a given shear stress level also increase.

Velocity

For the case of clear-water scour, the scour depth increases almost linearly with
velocity, with a reduction in the scour depth gradient near the maximum scour depth.

For pier scour with sediment motion, Laursen (1956) stated that the scour depth is not
a function of velocity. He explained that the strength of the vortex forming the scour hole
is a function of the mean velocity of the flow in such a way that a balance of transport
capacity upstream of the crossing and in the scour hole is maintained without a change
in the depth of scour. More recently, Melville (1984) obtained a generalized scour depth
versus flow velocity relationship (figure 30) based upon laboratory studies. These studies
showed maximum scour occurring at both the threshold condition from clear-water to
live-bed scour and at the transition to a plane-bed condition.

Sediment Size

The effect of particle size was found to depend on whether or not the particular bed
sediment forms ripples. Maximum depth of scour for nonuniform non-ripple-forming
sediments occurs at the threshold of motion condition. For uniform ripple-forming
sediments, the maximum scour depth occurs at the transition to the plane-bed
condition. The data for circular piers show that maximum value of the scour depth
to pier diameter ratio {(y/b) is 2.5.

For clear-water scour, the equilibrium depth is not affected by the particle size for
ratios of pier width to mean sediment size ( b/ D, ) greater than 25. For smaller
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values of this ratio, sediment particles forming the bed at the base of the pier are
relatively large compared to the size of the scour hole. Consequently, the erosion
process is impeded and the scour depth is reduced.

Forthe case of scour with sediment motion, Laursen and Toch (1953) stated that for
uniform sand size, since the sediment size will not have any effect on any existing
balance of the transport capacities, the equilibrium depth of scour should not be
affected by a change in sediment size.

Sediment Gradation

Raudkivi and Ettema (1977) stated that sediment gradation has a strong influence
on the equilibrium depth of clear-water scour. The sediment gradation coefficient is
s . . . . s s D84 DSO
an indicator of the sediment size uniformity, and is definedas G= 0.5| — + ok

50 16
Dy, Ds,, and D, are sediment sizes for which 84 percent, 50 percent, and 16 percent
of the sediment in the bed is finer. Another measure of sediment size uniformity is

the standard sediment size deviation, which is defined as ¢, = J Dgy ! Dy.

Raudkivi and Ettema presented a relationship between the maximum clear-water
scour depth and the geometric standard deviation of sediment sizes (figure 31). The
ordinate (K,) in figure 31 is the ratio of equilibrium scour depth in graded sediment
to that in uniform sediment. From this figure, it can be concluded that the scour in
typical river gravels with K ~3.5 is only about 20% of the depth of scour expected for
uniform sediment conditions.

a

D50 =055 mm
08+t
-
D50 = 0.85 mm
086 >
D50 = 1.90 mm
Ka
-
04 D50 =4.10mm

Figure 31. Effect of sediment gradation (Raudkivi and Ettema, 1977).

The effect of sediment gradation on the depth of live-bed scour is considerably more
complex, as illustrated in figure 30. This figure shows the normalized scour depth
versus flow velocity for nonuniform sediment (K,=8.5) and for coarse uniform
sediment. In figure 30 experimental points are not shown, but the spread of data
points was reportedly less than ( 0.2 4,/b) and even less for individual series. Since
the data on sediment gradation for live-bed scour is very limited, a conclusive
relationship between gradation and scour is yet to be determined.
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Shape of the Pier
Piers can be classified into two categories:

L Blunt-nosed piers, where a strong horseshos-vortex system—and thus the
maximum scour depth—occurs at the pier nose. If the pier is aligned with
the flow, the upstream pier shape has a strong influence on the scour depth,
whereas the pier length and the downstream pier shape have a minimal
sffect.

L Sharp-nosed piers, where the horseshoe-vortex system is very weak and
the maximum scour depth occurs near the downstream end.

Laursen and Toch (1953, 1956) found that the shape coefficient is defined as the
ratio of the scour depth caused by a particular shaped pier to the scour depth caused
by a rectangular pier. This coefficient varies with the shape of the pier as tabulated
in figure 32. From this figure, the maximum reduction in scour depth that can be
achieved by pier shape selection is approximately 30%. Selecting a simple
round-shaped pier causes only a 10% reduction in scour. It should be noted that if
the pier is not aligned with the flow, the pier shape effect may be lost.

Nose Form Length-Width Ratio K
Rectanguiar ‘ 1.00
Semicircular ( 0.90
Elliptical 2:1 C 0.80

31 < 0.75
Lenticular 2:1 < 0.80
3:1 < 0.70

Abutment
Vertical wall 1.00
Wing wall 0.80
Spill-through 0.80

Figure 32. Effect of pier shape on scour (Laursen and Toch, 1953 and 1956).

Angle of Attack

For pier shapes other than circular, the depth of local scour depends upon the
alignment of the pier with flow. The local scour depth is related to the projected width
of the pier, and this width increases with the flow angle of attack. With an increasing
angle of attack, the location of maximum scour moves along the exposed side of the
pier from the front to the rear end of the pier. The influence of the angle of attack has
been studied by Laursen and Toch {1956), who developed a correction factor for
angle of attack. They defined an empirical coefficient (K}, which is the ratio between
scour depth at an angle of attack a to that at zero angle of attack. The relation
between K, and angle of attack is given in figure 33.
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5.2

To accommodate the effects of the angle of attack, use of the projected width in pier
scour equations has also been proposed.
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Figure 33. Correction factor for angle of attack.

Bed Material Density

Some experimental studies have been carried out to determine the effect of varying
bed material densities under otherwise identical flow conditions. The conclusion
reached from these studies is that the scour depth increases with decreasing bed
material density.

Flow Duration

Maximum scour depth caused by flood events occurs in the flow recession phase
when the river bed has been eroded to its lowest level and the general sediment
transport is reduced so that clear-water scour conditions prevail. In this phase, the
rate of scour development can have an important influence on the maximum scour
depth. Theoretically, the terminal scour depth can only be reached during floods of
infinitely long duration. For flooding events of shorter duration, the time of exposure
to excess-shear conditions is important in determining the maximum scour depth.
In other words, the longer the flooding duration, the greater the scour depth caused
by the individual event. A comprehensive study of this phenomenon is not presently
available.

DESCRIPTION OF MODELS

A large number of equations for predicting scour have been proposed by various
researchers. Although the approaches and the parameters considered are varied,
some general comments on pier scour equations can be made:

. There is a difference between clear-water and live-bed scour, and a scour
aquation should specify which case it pertains to.

. For a given pier geometry, the depth of scour increases with the depth of
flow.
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® The depth of scour increases with the pier size.

* The effect of pier spacing is negligible unless scour holes from adjacent
piers overlap.

* In clear-water scour, the particle boundary shear and the critical tractive
force affect scour depth as a ratio.

® For scour by sediment transport flow, the velocity and sediment size do not
measurably matter except for low rates of sediment movement (just above
the critical tractive force}, and then the small effect is to have less scour with
a higher velocity.

A list of formulae developed to predict the anticipated depth of local scour at
intermediate bridge piers follows.

The Inglis-Poona equation {1938) is given as:

0.78
D 2/3
7‘ = 170 [51?-} (52)

where D, is the depth of scour measured from water surface (= d, + y ); b = pier
width; and g is the discharge per unit width in m%s. It is based on a series of model
tests run without general movement of the bed. The use of the discharge per unit
width in the contraction implies greater scour depths at each pier as more piers are
introduced into the cross section.

Chitale's formula (1944) is given as:

d
S = - 549Fr? + 6.65Fr - 0.51 (53)
¥

where y is the upstream flow depth and Fr is the approach flow Froude number,
which is based on the results of an extension of the original Poona model tests using
rectangular piers. Most of the tests were for the case of clear-water scour, but for
some where coarse sand was laid around the pier, the finer sand from upstream
moved down to the scoured area.

The Inglis-Lacey relationship (1949) is given as:

£

d = 0.946( %) oy (54)

where Q is the total discharge in m® /sec; fis the silt factor (= 1.76 ‘/ D, Dy, in mm);

and 4, and y are given in meters. The depth of scour relative to the water surface (d,
+ y) computed from this equation is equal {o twice the Lacey regime depth. This
relationship applies to a regime channel and ignores the pier size, shape, and
alignment.

Blench's equation (1957} is defined as:

+d 1/4
yy s 2 Lg(yi] (55)

where y, is the regime depth (= 1.48 (¢%/ F)'®); F, = 1.9yD; Disinmm; and g is
in m¥s. This equation can be obtained from the Inglis-Pcona equation if the
exponent 0.78 is changed to 0.75. The limitation of the Poona equation therefore still
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applies, and there exists a contradiction because the conditions of the Poona tests
were those of clear-water scour, whereas regime theory implies a low to moderate
=55 —

rate of sediment movement.
d 1.7
S+ 1] -1 (56)
¥ y 115y

was based on an analysis using long bridge contraction hydraulics. A balance of
sediment transport capacity in the normal and contracted sections was used in the
derivation of this equation. It is valid for subcriticat flow with a significant rate of
sediment movement. This equation represents a conservative approximation of the
pier scour by enveloping the available data. The pier scour value obtained from Eq.
(56) must be increased using the coefficients representing the effects of pier shape
and alignment, as shown in figures 32 and 33. A second relationship

d d 7/6{ /Y1712
b5 s+ L -1 (57)
¥ y A\11L5 y T

[A

The Laursen relationship (1960)

b_s5%

where 7/t = V*/120D%y'? was similarly adapted from an analysis of long
contraction. In this case, the contraction was assumed to scour to reach a boundary
shear equal to the critical tractive force for the bed material. The shear in the
approach is assumed to be less than the critical value (clear-water scour).

The Ahmad formula (1962)
d =Kq*"? -y (58)

in which K is a multiplying factor that varies from 1.9 to 3.4 depending on the pier
shape. It is based on field experience and model studies and was derived for bridges”
crossing alluvial rivers in deep sand fills.

Neill's equation (1964)

% =15 (%) v (59)

is based on physical medel data and computes the maximum scour that can occur
at any velocity. For round-nosed piers, the coefficient should be changed to 1.2,
whereas for all nonaligned shapes the coefficient 1.5 is used. For oblique piers the
width is taken as the projected width. When plotted, the predicted scour depths
computed by using Neill's equation correspond almost exactly to the first Laursen
and Toch graphic relationship {19586).

Larras found that
d,=142Kb 075 {60)

in which K is the coefficient depending on pier shape and 4, is the equilibrium scour
depth below mean bed level. K is suggested to be equal to 1 for circutar piers and
to 1.4 for rectangular piers aligned with the flow. The equation was obtained from
available scour data from various rivers following flood events.

Blench (1962) converted the original Inglis-Poona equation to
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+d 1/4
% s (-b—] (61)
Yr Y,
and Arunachalam {1965) obtained another form of the equation:
+d 1/6
Do 05| 2 (62)
Y Y,
Breusers (1964) proposed
d, = 14b (63)

for scour with continuous sediment motion for circular piers.

Hancu (1965) utilized experimental results for circular piers, and for natural sands

obtained
d 02 0.13
== 3.3(%] (%) (64)
Shen's equaticns
d
= = 11.0Fr? (65)
b
d
¢ = 34 Fp 08 (66)
b

are based on model studies conducted at CSU and elsewhere and apply to
clear-water scour. Velocity effects are considered, but sediment size effects are
excluded.

Shen, Schneider, and Karaki (1966) stated that, since the horseshoe-vortex system
is the mechanism of local scour and the strength of the horseshoe-vortex system is
a function of the pier Reynolds number, the equilibrium depth of scour should be
functionally related to the pier Reynolds number, i.e.,

d_, = flRe) (67)
Experimental work with circular piers resulted in the following relation:
d_ = 0.00073 Re %" (68)

This equation was also tested for non-circular pier shapes. If dunes are present on
the bed at the design velocity, it is suggested to add one half the expected height of
these dunes to the estimated equilibrium depth of scour to get the maximum
probable depth of scour.

Coleman (1971) analyzed available data from experiments using circular piers in

sand under conditions of continuous sediment transport. The correlation obtained
was

d 2 0.1
% . 1.49["_] (69)
b gy

where Vis the mean approach velocity; g is the gravitational acceleration.

A prediction equation was developed at CSU in 1975 for equilibrium scour depth:
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b .65
7’ = 20K, K, (;] Fr 08 (70)

The exponents were derived from laboratory data. The coefficients K, and K, are
functions of pier shape and flow angle of attack. Their values are given in tables 9
and 10 for various pier types, flow angles of attack, and pier length-to-width ratios.

Table 9. Pier shape correction factor (K,).

Type of Pier Factor

(2) Square nose
(b) Round nose

(c) Circular cylinder
(d) Sharp nose

(e) Cylinder group

B s R
cwoo=

Table 10. Flow alignment correction factor (X,).

Angle L/b=4 L/b=8 L/b=12
0 1.0 1.0 1.0
15 1.5 2.0 2.5
30 20 25 3.5
45 23 3.3 4.3
90 2.5 3.9 5.0

Angle = skew angle of flow; L = length of pier; b = pier width

The CSU equation was derived from laboratory data and is the one recommended
in FHWA's publications "Interim Procedures for Evaluating Scour at Bridges" (1988)
and "Highways in the River Environment" (Richardson et al., 1987). "Highways inthe
River Environment" also supports the use of Jain and Fisher's equation (1980) for
higher flow velocities (Fr- Fr, > 0.15):

d 05
2 - 1.86[%) (Fr - Fr,)°™ (71)

where Fr.is the critical Froude number. The equation was obtained first in a general
form as a result of dimensional analysis, and then the numeric coefficients were
determined with a multiple-linear regression analysis of experimental data.

Basak, Basamily, and Ergun (1975) performed tests with square piers in coarse
sand. The water depths were low, and for most of the tests the flow velocity was
greater than critical velocity {(V > V), where critica! velocity is the velocity beyond
which sediment motion is initiated. Since both depth and velocity were varied
simultaneously, no independent variation of parameters was obtained. The results
were correlated with the equation

d = 0.558p "% (72)

Jain (1981), using experimental data from previous studies, formulated an equation
for maximum clear-water scour around cylindrical piers:

d 03
i 1.84(%) (Fr )02 (73)

This equation is very similar to Laursen and Toch's equation, but accounts for the
effect of sediment size on scour depth through the use of Fr,.
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5.3

Baker (1981), following a theoretical and experimental study of the mechanism of the
vortex in the scour hole for V/V, < 1, arrived at the formula

d
k tanh( k, b]] [32 g3] (74)

$

b

<

in which &, and k, are functions of G = (p, - p)g D’ / {pv3); g, is a function of V/V;
g, and g; are functions of shape and incidence to the flow. _

Raudkivi and Ettema (1977, 1983) found that the maximum depth of clear-water
scour, for a cylindrical pier in a uniform grain-size sediment, in the absence of
relative flow depth or relative grain size effects, is

e _ 23 (75)
—b— B

For nonuniform sediment, this equation becomes
£ =23 K, (76)

where K, is a coefficient whose value is a function of a,.

Froehlich (1987) used multiple-linear-regression analysis to develop a prediction
equation for local live-bed scour

d %62y o4s 0.08
% _omd 2| (2] Rrodf BT L (77)
b b b D

where b ’is the pier width projected normal to the approach flow (b cosa + L sin a); o
is the angle of attack; and gis the pier shape correction factor with values of 1.3 for
a square-nosed pier, 1.0 for a round-nosed pier, and 0.7 for a sharp-nosed pier. It
should be noted that Froehlich's equation increases the computed depth of scourto
pier width ratio by a factor of safety equai to 1.0.

Melville and Sutherland (1988) presenied a flow chart that allows the calculation of
a predicied scour depth relative to the pier width as the product of six coefficients.
These coefficients are functions, respectively, of flow intensity, flow depth, sediment
size (as a ratio to the pier width), sediment gradation, pier shape and pier alignment.

DIMENSIONAL ANALYSIS

As stated in a previous section, depth of scour is a function of a number of
parameters. In general, the relationship can be expressed as

dy = flp. b, V. Dygy 0, @, @& 7 1, 8, pu V) (78)

where y is the flow depth b is the pier width; Vis the mean approach velocity; Dy, is
the mean sediment 5|ze g, is the sediment gradation; ¢ is the pier shape factor; «
is the angle of aftack; y is the submerged weight of the sediment; ¢ is the time; g is
the gravitational acceleration; p is the water density; and v is the kinematic viscosity.

The effect of viscosity is considered negligible in the scour process. By
nondimensionalizing Eq. (78), the following relationship is obtained:
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5.4

d v D Vv V2
TNy = ey L (79)
gy 7 ¥s Dy
Furthermore,
pv: pv?
= 80
y. D, (o~ 5) 8 Dy (60)

where p, is sediment density. If p, is assumed to be a constant, then this last term is
in effect a particle Froude number where the characteristic length is the mean
particle size. This term differs from the flow Froude number (= V/4/gzy) only by a
constant, and therefore can be eliminated as redundant.

Neglecting the term representing the development of the scour hole with time, Eq.
{79) can be rewritten as

d. D
?-‘ - f[ Y __V_ 0 I, . a] (81)

b gy ¥

The general form of the existing equations suggests that the relationship between
scour depth and sediment gradation is vague (only Raudkivi and Ettema [1977]
presented a relationship which takes into account the effects of ¢, but even this
gave only a maximum expected value, as a function of the unitormity characteristics
of the sediment). If the effect of o, is neglected, Eq. (80) becomes

b

Referring to the structure of most of the developed models, the functional
relationship in Eq. (80) might be expressed as

4 f2) ] 2o
Lk, Kz(-g (| 22 (83)

where % is a propartionality constant; K, is a shape factor; X, is the alignment factor;
and g, b, and ¢ are exponents to be determined through regression analysis.

d D
_Es. :f[l, Fr, —3)5—0-, ®, CCJ (82)

Taking into account the time effect, Eq. (82) becomes
¢ d
50 ( vt (84)
y b

where d is exponent to be determined through regression analysis. Eq. (82) is
implemented in BRI-STARS as a generic equation for which the user is allowed to
enter x, K, , K,, and the exponents a, b, and c.

D

d a
- "k K KQ(%) (Fr)?

LOCAL SCOUR AT ABUTMENTS

The mechanism causing local scour at abutments doesn't differ from that of local
scour at piers. The same systems of vortices take place, removing material from the
bed in the vicinity of the abutment. Therefore, the same qualitative considerations
on the nature and development of the process previously described still apply.
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Very few field data are available to help derive or test prediction models. Available
equations are mostly based on laboratory data and theoretical considerations
derived from sediment continuity laws or dimensional analysis. Abutment scour
computations in BRI-STARS are performed coupled with water and sediment routing
computations and assume that the local scour does not alter the bridge hydraulics.

5.4.1 Description of Models

Garde, et al. (1961), proposed a formula based on dimensional analysis. Neglecting
the effect of the width of the channel, sediment size, and gradation, and considering
the angle of incidence equal to 90° and a constant average drag coefficient in their
study, they obtained the following relationship for maximum scour depth:

+d
L % a0l pen (85)
y b

in which § is the contraction ratio caused by the embankment ((B - a)/B); and B is
channel width.

Liu, etal. (1961), and Gill (1972) derived the following equation for equilibrium scour
depth in sand-bed channels for subcritical flows:

d 04
R

where d, is the equilibrium depth of abutment scour measured from mean bed level;
ais the abutment and embankment length; and s is a shape factor with values of 1.1
for spill-through abutments and 2.15 for vertical abutments.

Laursen {1980) suggested two relationships for vertical wall abutments. In the case
of live-bed scour,

d d 1.7
a g5l %y -1 (87)
y y 115 y
should be used. An approximate, simplified form of Eq. (86) is also presented:
d 048
= - 1.5(_‘1] (88)
Y Y

For clear-water scour, the equation for abutment scour is given as:

[ | 7/6

_— 2 1]

d

=275 S AL Y -1 (89)

In the case of interruption of flood plain flow by the embankment-abuiment
combination, Eq. (89) reduces to:

d d 7/6
9 . 275 = LI | -1 (80)
g, y pidty

where g, is the discharge per unit width in the approach channel (Q,. /w);Q, is the
interrupted discharge on the single flood plain; y, is the approach flow depth; wis the
width of flow influenced by the abutment (is 2.75 4,).
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Froehlich (1987}, on the basis of a dimensional analysis, obtained

d a ; 0.63 0.43
= = 078K, K, | &~] Frii6 [—y—] ()" + 10 (91)
Yy y Dso
for clear-water scour, and
d ALE
= = 227K,K, (ﬁ-] Fro8 + 10 (92)
y y

for live-bed scour. In these equations, a ‘is the flow area of approach cross section
obstructed by embankment divided by depth of flow at abutment (= A,/y); K, is the
shape cortrection factor, with values of 1.0 for vertical abutments with square or
rounded corners, 0.82 for vertical abutments with wing walls and sloped approach,
and 0.55 for spill-through abutments and sloped approach embankment; K, is the
angle correction factor (= (8/90)*%); 6 is the angle of embankment to flow.

Some last quantitative remarks can be made. It is not practical to assume that the
scour depth would continue to increase indefinitely with an increase in abutment
length. Therefore a limit of a/y = 25 is assumed in using the previous equations. For
a/y> 25, "Highways in the River Environment” suggests the following relationship:

d
= =40 Fr"® (93)

y

Eq. (92) is based on field data collected at rock dikes on the Mississippi. It should
be noted that for sand beds the maximum depth of scour will be 30% greater than
the equilibrium scour depth.

The lack of field data and the variety of different cases that are possible suggest the
need for discretion in choosing the proper abutment scour equation. FHWA's
“Interim Procedures for Evaluating Scour of Bridges® is recommended as a
reference guide.

5.4.2 Effect of Angle of Inclination

When the embankment is skewed, the angle of incidence has a strong effect on the
depth of scour. if it is angled downstream, the scour depth is reduced because of the
streamlining effect. if the embankment is angled upstream, there is an increase in
the value of d. The curve presented in figure 34, obtained from Ahmad {1953),
should be used to adjust the depth of scour computed by the chosen scour equation
if the equation does not account for this parameter.
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Figure 34. Scour estimation adjustment for skew

NOTATION

SRR

The following symbols are used in this chapter:

How s e

L

3

AR
&

7T

2]

I~

< <<

] =

<

embankment length.

pier or abutment width.

channel width,

depth of scour below mean bed level.
equilibrium scour depth below mean bed level.
maximum equilibrium scour depth below mean bed level.
mean sediment size.

friction factor.

Froude number.

critical Froude number.

gravitational acceleration.

length of the pier.

discharge per unit width.

total discharge.

pier Reynolds number.

mean approach flow velocity.

critical mean approach flow velocity.

upstream flow depth.

regime depth.

angle of attack of the flow.

kinematic viscosity of the water.

water density.

bed material density.

geometric standard deviation of particle size distribution.
critical shear stress.

bed shear stress.
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6. HYDRAULIC DATA

6.1

In this section, input data requirements pertaining to channel geometry and flow
properties will be presented. First, channel geometry data and the required data records
for the computer runs wili be discussed. Second, channel roughness and loss cosfficient
data requirements will be presented. Finally, data requirements pertaining to the
discharges and the corresponding stages for water surface profile computations will be
discussed. Unless otherwise specified, all units will be in the English system.

CHANNEL GEOMETRY DATA

6.2

The various input data records are defined in Appendix B of this manual, and typical
input data for the program are given in Appendix C. For geomaetric properties data, the
distance between cross sections, channel cross section shapes, and the location of
sub-channels or subsections should be provided. Stations should be identified by their
distance from a reference downstream station. The computer program determines the
distance between two cross sections from the difference in the station identification
numbers. Channel cross sections are input by entry of the X- and Y-coordinate pairs for
each data point across the channel, starting from the left-hand side of the channel looking
downstream. The locations of channel subsections at a given station are entered by their
end points being defined going from left to right across the channel.

The data records for defining the channel geometries and station locations along the
study reach are: NS, ST, ND, and XS.

The NS record defines the number of measured stations to be used in the study. ltis the
first record following the title (TT) records. Only one NS record per job is required.

The ST records identify the location of each cross section and the number of points
defining the channel geometry at this location.

The ND record defines the number of subsections or subchannels at a given station
and their corresponding lateral locations across the river.

The XS record is used to define the channel geometry at a given station.

The ST, ND, and XS records should be provided for each measured cross section
afong the study reach.

CHANNEL ROUGHNESS AND LOSS COEFFICIENT
DATA

Following the channe! geometry data, the type of flow equation should be selected by the
variable EQROUGH being defined in the RE record. The available options are: Manining,
Darcy-Weisbach, and Chezy equations. Depending on the selection, one of these flow
roughness equations will be used for energy slope and conveyance computations.
Roughness coefficients corresponding to each point across the channel at different
stations should be provided following the RE record. These values are entered using the
RH records. Roughness coefticients for each station are entered using the RN records.
Roughness coefficients for each station should be defined starting from the furthest
upstream station and progressing in the downstream direction. For each station, up to
27 roughness values can be assigned across the channel.

Preceding Page Blanik
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6.3

The normal, critical, and sequent depth computations require representative bottom
elevations along the study reach. For the computation of these elevations, two options
are provided through the CB record. They are: THALWEG and READ. If the THALWEG
option is selected, no further information is required. For the READ option, the manually
computed channel bottom elevations must be entered with the BE record.

Next, local energy loss coefficients should be provided by the CL record. These
coefficients are for the bends, natural and man-made structures, etc., along the
study reach. The coefficient of loss is internally set equal to 0.1 for contractions and
to 0.3 for expansions. These coefficients can be selected by the user in the CE
(coefficients of expansion and contraction loss) record.

INPUTTING THE DISCHARGES AND CORRESPONDING
STAGES

The discharges and the corresponding stages to be used in the water surface profile
computations should be provided following the number of stream tube data (NT
record). The required data records for this purpose are: IT, QQ, SS, DD, SQ, TL,
TQ, RC, and NC records. Depending on the option selected in entering stage and
discharge values, some of these records are omitted.

In general, the discharges can be entered either as a table or as a series of
discretized discharges by specifying the IOPTQ value in the QQ record. The
corresponding stages can be input either in the form of a rating curve or as a
stage-discharge table by specifying the IOPTSTQ value in the SS record.

Depending on the nature and format of the available data, several options for
inputting the stage-discharge values are provided. These options are given below:

CASE 1: Discharge Hydrograph and a Stage-Discharge Rating Curve are
Available

If the discharges are given in the form of a hydrograph, a discretization procedure
is necessary. In this procedure, the user first selects a fixed duration. Next, the
hydrograph is broken into discrete steps of constant discharges. The duration of
each constant discharge event is expressed in whole multiples of the selected
duration. A sample discretization procedure is given in figure 35. in this example, the
actual hydrograph is approximated by a 1-time step of Q1, 1-time step of Q2, 1-time
step of Q3, 2-time step of Q4, 1-time step of Q5, 2-time step of Q6, and 1-time step
of Q7 discharges. These discretized discharges and the number of time steps are
input with the DD records. If the duration of the entire hypothetical event was
assumed to be 18 days, the fixed-time interval used in this example would have
been 2 days (= 18/9). Smaller time steps would result in closer approximation of the
hydrograph. However, the number of time steps to be used in the simulation, and
therefore the computation time, will be higher. Selecting the optimum number of time
steps and the degree of accuracy is dependent upon the user's experience in
discretization. Once the input hydrograph at a general station is discretized, the
corresponding stages can be computed from the given rating curve. The rating curve
in this program is assumed to be given in the form:

Stage in feet = CI (discharge in ft*/sec)” + C3 {(94)
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Figure 35. Discretization of input discharge hydrograph.

where C1, C2, and C3 are coefficients to be supplied by the user in the RC record.
If, for the example hydrograph given in figure 35, a stage-discharge rating curve:

Stage = 0.9 0% + 1000 (95)
is given at station No. 10 of a hypothetical reach, the input data records would be:

FIELD NUMBERS
o] T 1T 2 1 3 T 4 1 5 1 6 | 7 1 8 T 9 [ 10
T 3. T. 7.
Q0 DISCRETIZED DISCHARGES
SSs RATING CURVE
DD 1.  1000.
DD 1. 2000.
DD 1.  2500.
DD 2. 2700.
DD 1. 1900.
DD 2.  1500.
DD 1. 700,
NC 1.
RC  10. 0. 0.2 1000.

Note that the sum of NDAYS in field 1 of DD records is equal to ITIMAX in the IT
record.

CASE 2: Table of Daily Discharges and a Rating Curve at the Control Section
Are Availabie

In some instances, pericdic discharge records for a study reach are available in the
form of a table. The stage-discharge rating curve for the control section might also
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be available. In this case, the input stage-discharge data are entered on the IT, QQ,
S8, TQ, NC, and RC records. For the example reach described in CASE 1, the
discharge table is given as:

Days Discharge (ft® / sec)

0 500

2 1600
4 2250
8 2650
8 2800
10 2250
12 1750
14 1500
16 1250

and the stage-discharge rating curve for Station No. 10 is in the form:
Stage = 0.9 0% + 1000 (98)

the input data records wouid be:

FIELD NUMBERS
01 = 1 2 1 3 | 4 1 5 1 6 T 7 1T 8 1 98 1 10
IT 3. 1. 7.
(0;0] TABL:E OF DISCHARGES
ss RATING CURVE
TQ 500. 1600. 2250. 2650. 2800. 2250. 1750. 1500. 1250.
NC 1.
RC  10. 0.9 0.2 1000.

CASE 3: Stage-Discharge Values Are Available for the Control Section

In the case where periodic discharges and the corresponding stage values are
available for the control section in tabular format, this information is input with the
QQ, SS, IT, TL, and SQ records. The number of SQ records should be equal to the
ITIMAX value given in the IT record. For the example problem given in CASE 1, if
the discharges and stages are:

Day Discharge Stage
0 500. 1003.1
2 1600. 1003.9
4 2250. 1004.2
6 2650. 1004.4
8 2800. 1004.4
10 2250. 1004.2
12 1750, 1004.0
14 1500. 1003.9
16 1250, 1003.7
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the input data records would be:

FIELD NUMBERS
ol T 1 2 1 3 ] & T 5 T & ] 8§ | 9 | 10
IT 5. T, -
Q0 TABLE QF DISCHARGES
83 STAGE DISCHARGE TABLE
TL  10.
SQ 500. 1003.1
SQ 1600. 1003.9
SQ 2250. 1004.2
SQ 2650. 1004.4
SO 2800. 1004.4
SQ 2250. 1004.2
SO 1750. 1004.0
SQ 1500. 1003.9
SQ 1250. 1003.7
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7. SEDIMENT DATA

in this section, the input data for computing sediment transport capacities associated
with different flow and channel geometry conditions are presented. Sediment
transport capacity computations in the computer program are activated by selection
of "SEDIMENT TRANSPORT REQUESTED" in the SO record. Following the SO
record, depending upon the availability of sediment characteristics data, the user is
requested to provide some or all of the SO, QS, SE, TM, SF, SG, and SD records.
The definitions of the above mentioned records are given in Appendix B of this
manual. In the current version of the computer program, sediment transport
capacities can be determined by (1) the Molinas and Wu equation with bed material
fraction (BMF) method for fractional load, (2) the Molinas and Wu equation with
transport capacity fraction (TCF) method for fractionatload, (3) the Ackers and White
equation with the BMF method for fractional load, (4} the Engelund and Hansen
equation with the BMF method for fractional load, (5) Yang's equation with the BMF
method for fractional load, (6) the Yang, Molinas, and Wu equation with the BMF
method for fractional load, (7) the Meyer-Peter Muller equation with the BMF method
far fractional load, and (8) a generic sediment transport equation (defined through
SP record).

The above-mentioned methods were chosen because of their accuracy and the
short computational times associated with them. The sediment transport methods
to be used in the program require the water temperature data for kinematic viscosity
computations. These data are input on the TM record following the SE record. Water
temperatures are input in the form of a table with number of time iterations in the first
column and the corresponding temperatures in the second column. The total of time
iterations should be equal to /TIMAX specified in the IT record. Desired sediment
transport equations can be selected by the variable /SED in the SE record.

The thickness of the active layer (a conceptual layer in which sediment can be sorted
in a single time step) is controlled by the NALT variable in the SE record. This
variable controls the maximum allowable erosion in a given time step and is set
equal to 50D, by default. D, is the geometric mean size corresponding to the last size
group specified in the SG records.

The sediment inflow hydrograph into the study reach at the farthest upstream station
must be supplied in the form of discretized sediment discharges on QS records.
Data generation for the QS records follows exactly the same format as the DD
records described in chapter 6 and figure 35. The sediment discharge hydrograph
is first broken into discrete steps of constant discharges. The duration of each
constant sediment discharge event is expressed in whole multiples of the
preselected duration. These sediment discharges and the number of time steps are
input on the QS records. The sum of NDAY'in field 1 of QS records should be equal
to ITIMAX in the IT record.

The sediment transport equations available for routing computations are applicable
only to particle sizes of 0.0625 mm (sand) and greater. For Yang's Method of
computations, sediment routing can be performed for sediments upto 10 mm gravel
sizes. The Meyer-Peter Miller method is available for larger sediments. The
sediment gradation curve can be input through the SF, SG, and SD records following
the TM (Temperatures Record). The SF record is used to define the number of size
fractions, the SG record identifies different sediment size groups falling into sand
and gravel sizes, and the SD record is used to input the bed material size fractions
falling within each size group defined by SC records at different stations.
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Data records for inputting hypothetical sediment characteristics data are given in
table 11. The hypothetical gradation curve used in constructing table 11 is shown in
figure 36.

100

80 y/

N

60

40

Percent Finer by Weight

0.01 0.1 1 10
Grain Size in Millimeters

Figure 36. Hypothetical sediment size gradation curve.,

Table 11. Inputling sediment characteristics data by discretizing the small sediment gradation curve.

FIELD NUMBERS
0f 1 | 2 [ 3 I 4 [ 5 [~ 6 7 [ 8 N [ 10
SO SEDIMENT TRANSPORT REQUESTED
Qs 9 100.
SE 1.
™ 9. 70.
SF 10
83 0.0625 0.1250
SG0.1250 0.2500
SG0.2500 0.3750
$G¢0.3750 0.5000
SG0.5000 0.7500
SG0.7500 1.0000
SG1.0000 1.5000
5G1.5000 2.0000
SG2.0000 2.5000
SG2.5000 3.0000
8D 0.05 0.08 0.10 0.15 0.25 0.15 0.13 0.06 0.02 0.01
SD  0.05 0.08 0.10 0.15 0.25 0.15 0.13 0.06 0.02 0.01
SD 0.05 0.08 0.10 0.15 0.25 0.15 0.13 0.06 0.02 0.01
SO 0.05 0.08 0.10 ¢.15 0.25% 0.15 0.13 0.06 0.02 0.01
SD  0.05 0.08 0.10 0.15 0.25 0.15 0.13 0.06 0.02 0.01
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8. BRIDGE SCOUR DATA

8.1

BRIDGE PIER SCOUR DATA

In the presence of bridge piers in the study reach, the user is given the option to
compute tocal scour due to piers by activating pier scour computations. The user is
given the option of selecting the local pier scour equation to be used in the
simulations from a list of equations. The general overview of pier scour equations
was presented in chapter 5. Local pier scour equations available in the BRI-STARS
model are: i) CSU equation; ii} Laursen equation; iii) Froehlich equation; iv) Jain and
Fisher equation; v) generic equation. For the pier scour computations, data
pertaining to the number of stations containing bridge piers and the number of piers
at each station along with the location of pier center locations across the channel
must be supplied to the BRI-STARS model. Also, depending upon the selection of
bridge pier scour equation, additional information such as the bridge pier type and
dimensional characteristics, the properties of the approach flow, and representative
sediment size at the pier location for each individual pier must be supplied to the
model.

The records needed for pier scour computations are: PE, PS, and PP records.
These records are entered into the data file following the sediment transport data,
after SD (Sediment Size Distribution) records. The PE record defines the pier scour
equation to be used in the study and the number of stations containing piers in the
study reach. The PS record specifies the pier station numbers and the number of
piers at the corresponding stations. Finally, the PP record specifies the center
location of the piers, the width, type, approach flow angle of attack, pier length, and
the representative sediment size at the pier location. A set of Pier Scour Parameters
{PP} records are needed for each Pier Station (PS) record. For each pier station one
set of PS and PP records must be supplied.

An example set of pier records for a hypothetical reach are given in table 12 below.
The Froehlich equation for local pier scour computations is chosen in the first field
of the PE record. The number of stations containing piers are specified as (2) in the
second fisld of PE record. The first set of PS-PP records defines the first pier station
as station no. 3 {first field of PS record) containing 4 piers (second field of PS
record}. The PP records used in the first set of PS-PP records define the center
locations of the 4 piers to be at stations 10, 50, 90, 150 ft across the channel ( first
field of PP records). The width, type, angle of attack, length, and representative

Table 12. Example set of pier scour records for a hypothetical reach.

FIELD NUMBERS

0] 1 7 3 ] 4 ] 5 [ 6 [ 7 [ 8 [ 98 T 1o
PE 3.0 2.0

PS 3.0 4.0

pp 10.0 16.0 1.0 20.0 40.0 5.0

PP 50.0 10.0 1.0 20.0 40.0 5.0

PP 90.0 10.0 1.0 20.0 40.0 5.0

PP 150.0 10.0 1.0 20.0 40.0 5.0

PS 10.0 1.0

PP 10.90 10.0 1.0 20.0 43.0 5.0
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sediment size corresponding to each of the piers in station 3 are defined in fields 2-6
of PP records, respectively. The second set of PS-PP records define the station no.
10 to be the second pier station containing a single pier (fields 1 and 2 of PS record).
The pier at station no. 10 is located at station 50 ft across channel {first field of PP
record). It is 10 ft wide (second field of PP record), of type 1 (third field of PP record),
the approach flow angle of attack is 20 degrees (fourth field), the pier length is 40 ft
(fifth field), and the representative sediment size at pier location is 5 mm (sixth field).

If the optional generic pier scour equation is selected for predicting maximum
potential local pier scour, each PP record must be foliowed by a PC {Pier equation
Coefficients) record. The fields of the PC record specify values used in the generic
pier equation. Since each pier is allowed its own set of coefficients, it is possible to
use more than 1 pier scour formula across the channel. This option is useful in
cases where the variation in the geomorphology across the channel is significantand
the application of different local pier scour equations is needed. Table 13 shows an
example set of pier scour records for a hypothetical reach with user-provided pier
equation coefficients.

Table 13. Example set of pier scour records for a hypothetical reach.

FIELD NUMBERS
6] T | 2 1 3 1| 4 | 5 1 6 | 7 1 8 1 9§ [ 10
PE 3.0 2.0
PS 3.0 4.0
PP 10.0  10.0 1.0 20.0  40.0 5.0
PC 2.0 1.0 1.0 -0.65  0.43 0.0 5.0
PP 50.0 10.0 1.0  20.0  40.0 5.0
PC 2.0 1.0 1.0 =-0.65  0.43 0.0
PP 90.0  10.0 1,0 20.0  40.0 5.0
PC 2.0 1.0 1.0 -0.65  0.43 0.0 5.0
PP 150.0  10.0 1.0 20.0  40.0 5.0
PC 2.0 1.0 1.0 -0.65  0.43 0.0 5.0
PS 10.0 1.0
PP 10.0  10.0 1.0 20.0  40.0 5.
PC 2.0 1.0 1.0 -0.65  0.43 0.0 5.0
8.2 BRIDGE ABUTMENT SCOUR DATA

fn the presence of bridge abutments in the study reach, the user is given the option
to compute local scour due to abutments by activating abutment scour computations.
The user is given the option of selecting the local abutment scour equation to be
used in the simulations from a list of equations. The general overview of abutment
scour equations was presented in Chapter 5. Local abutment scour equations
available in the BRI-STARS model are: i) CSU (Liu) equation; i) Laursen equations;
and iii) Froehlich equations. For the abutment scour computations, data pertaining
tothe number of stations containing bridge abutments, and the number of abutments
at each station along with the location of abutment center locations across the
channel must be supplied to the BRI-STARS model. Also, depending upon the
selection of bridge abutment scour equation, additional information such as the
bridge abutment type and dimensional characteristics, the properties of the approach
flow, and representative sediment size at the abutment location for each individual
abutment must be supplied to the model.

92



BRI-STARS USER'S MANUAL

CHAPTER 8 - BRIDGE SCOUR DATA

The records needed for abutment scour computations are: AE, AS, and AP records.
These records are entered into the data file following the sediment transport data,
after SD (Sediment Size Distribution) records and the optional local pier scour data
records (PE, PS, PP, PC). The AE record defines the abutment scour equation to
be used in the study and the number of stations containing abutments in the study
reach. The AS record specifies the abutment station numbers and the number of
abutments at the corresponding stations. Finally, the AP record specifies the center
location of the abutments, the width, type, approach flow angle of attack, abutment
length, and the representative sediment size at the abutment location. A set of
Abutment Scour Parameters (AP) records are needed for each Abutment Station
(AS) record. For each abutment station, one set of AS and AP records must be
supplied.

An example set of abutment records for a hypothetical reach are given in table 14
below. The Laursen equation for local abutment scour computations is chosen in the
first field of the AE record. The number of stations containing abutments are
specified as (2) in the second field of AE record. The first set of AS-AP records
defines the first abutment station as station no. 4 {first field of AS record) containing
2 abutments (second field of AS record). The AP records used in the first set of
AS-AP records define the locations of the 2 abutments to be from stations O to 30
ft across the channel and from 90 to 120 ft across the channel (first two fields of AP
records). The abutment type, angle of embankment inclination, abutment elevation
at the flood plain, representative sediment size, geometric standard deviation for
sediment size, and the fine sand coencentration index corresponding to each of the

-abutments in station 4 are defined in fields 3-8 of the AP records, respectively. The

second set of AS-AP records define the station no. 10 t¢ be the second abutment
station containing a single abutment (fields 1 and 2 of AS record). The abutment at
station no. 10 has the following characteristics: it is located between stations 0 ftand
50 ft across the channel (first two fields of AP record); it is of type 1 (third field of AP
record); the angle of inclination of the approach embankment is 20 degrees (fourth
field); the abutment elevation is 1040 ft {fifth field); the representative sediment size
at abutment location is 5 mm (sixth field); the geometric standard deviation

(G = ,/DM / D, ) of the bed material is 2.3 (seventh field); and the fine sand

concentration index for estimating shear stress is medium (given as 2 in the eighth
field).

Table 14. Exampls set of abutment scour records for a hypothetical reach.

FIELD NUMBERS

0] 1 2 1 3 1 4 T 5 1 6 [ 7 T 8 [ & T 10
AE 3.0 2.0

AS 4.0 2.0

AP 0.0  30.0 1.0  20.0 1040.0 5.0 2.3 2.0

AP 90.0 120.0 1.0 20.0 1040.0 5.0 2.3 2.0

AS  10.0 1.0

AP 0.0 50.0 1.0 20.0 1020.0 5.0 2.3 2.0

8.3 CONTRACTION SCOUR DATA

For the BRI-STARS model, Laursen's contraction scour equations have been
chosen for the purpose of determining local scour due to contractions. The scour
computed from Laursen equations can be used for the purpose of comparing the
simulation results with hand calculations. Since BRI-STARS utilizes the sediment
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continuity equation in which transport capacities are determined by various
equations, it intrinsically computes the contraction scour during simulations. For
long-term simulations, if the transport equation selected for the simulation is in
agreement with Laursen's simplified transport function, the computed contraction
scour is expected to be in agreement with simulated contraction scour values.
Laursen (1980) provides contraction scour equations for two scenarios: i} live-bed
scour {(where approach shear siress is greater than critical shear stress); and ii)
clear-water scour (where approach shear stress is less than critical shear stress).

LIVE-BED SCOUR

For contraction scour in a live-bed situation, Laursen gives the following equation:

K K
h Lue | Wl | (#7)
yz ch] Wcz ﬂ]
and
RN [Average scour depth] (98)

where y, is the depth in the main channel (average); y, is the depth in the contracted
section (averags); W, is the bottom width of the main channel; W, is the bottom
width of the contracted section; @,,, is the flow in the approach channel; Q,,., is the
flow in the contracted section; n,, n, are the Manning's coefficients for the main
channel and contracted section; and K, K, are exponents for which

_6@2 +e K 6 €

b 73+ 2:7(3+e) (99)
where K, K, are computed as follows:
1. ComputeV,, = /¥, S, .
2 Compute ag, (fall velocity) for the D, size material.
3. Compute V,_/ oy .
4 If:
V..l wg <05 then e =0.25; (bed-load).
K,=0.59; K, = 0.066.
05 <V, /w20 then e =1.0; (suspended, bed-load).
K,=0.64; K, =0.21.
V..l og> 20 then e =2.25; (suspended load).

K, =0.69; K, = 0.037.

CLEAR-WATER SCOUR

Forcontraction scour in a clear-water situation, Laursen gives the following equation:

6/7 377

Wc 1

WCZ

v

120y, D2?

Y1

Y2

[variables defined above) {100)

The critical shear stress can be estimated from the figure given below for various
inflowing fine sediment concentrations.
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Figure 37. Critical shear stresses versus bed material.

BRIDGE HYDRAULICS DATA

A portion of the WSPRO (Shearman, 1990) model has been incorporated as an
option in version 3.0 of BRI-STARS. If the use of WSPRO bridge routines is
requested, the preparation of cross-section data files for BRI-STARS must comply
with restrictions imposed in WSPRO. The spacing of and the definition of
APPROACH, BRIDGE, FULL VALLEY, and EXIT cross-sections are in accordance
with WSPRO. The BRI-STARS bridge station identified in WB (WSPRQO Bridge
Station record) corresponds to the bridge {BR) section in WSPRO. The WSPRO
records which are used in version 3.0 of BRI-STARS are limited to a minimum
definition. The WSPRO records recognized in BRI-STARS are the AB, AS, BP, BR,
CD, and PW records. The comprehensive definition of input data parameters are
given in the WSPRO manual and for the sake of brevity are not reproduced in this
manual. However, the WSPRO tables for these records are reproduced in tables
15-20 below. Currently, applications are limited to a single WSPRO bridge station
in fixed geometry mode. Design mode is not supported. Other bridge stations in the
reach may be approximated using the simplified BRI-STARS pier stations. To aveid
any syntactic errors and conflicting record identification problems, the WSPRO data
are prepared separately and are stored in a different data file. If the WSPRO bridge
option is chosen, the user is prompted for the appropriate file name. An example
problem is given in appendix C.
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Table 15. Table 4.3 from the WSPRO Users Manual.

Definition of variables:

elevation) of the left and right
Required only for Type 3 openings
for defining bridge section.
slope, only ABSLPL is required.

illustration of these parameters.

AB Record

Purpose: Mandatory record to specify abutment slope(s) for Type 3
openings in design mode {(not used for other opening types in
design mode). Mandatory record to specify abutment toce
elevations for Type 2 cpenings in fixed-geometry mode (not
used for other opening tvpes in fixed-geometry model).

Format:

Columns Format Contentse
1-2 A2 AB
3-10 8x blank
11-80 free Either ABSLPL [,ABSLPR]
or *, %,  YABLT, YABRT

ABSLPL, ABSLPR — Slope (horizontal distance per foot change in

If both abutments have the same

YABLT, YABRT — Ground elevation at the toe of the left and right

abutments, respectively.
when using the design mode

See figure 4-9 for

abutments, respectively. Required only for Type 2 openings
when using fixed-gecmetry mcde (in design mode the model
determines these elevatiocns). The depths of water at the toes
of the abutments are used to compute an adjustment factor for
the coefficient of discharge. See figure 4-8 for illustration
of these parameters.
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Table 16. Table 4.4 from the WSPRO Users Manual.

AS Record

Purposge:; Header record for approach c¢roass section.

Format:
Columnse Format Contents
1-2 A2 AS
3-5 3x blank
6-10 AS SECID
11-80 free SRD [, SKEW, EK, CK, VSLOPE]

Definition of variables:

SECID — Unique cross-section identification code (see discussion of SECID is
gection 4.1),

SRD — Section reference distance. A cumulative distance, in feet, along the
stream measured from any arbitrary zero reference point {(SRD may be
negative). Unless an FL record is c¢oded for the approach section, the
difference in the full valley section SRD and the approach section SRD
is used as the flow length for computing the friction loss in the
unconstricted profile computationa. The effective flow length
(schneider, et al., 1977) is used for friction loss computations for
bridge backwater regardless of SRD or FL record data. The SRD values
for the approach section should be approximately egqual to the SRD
values of the full valley section plus the bridge width plus the bridge
length (plus the length of spur dikes if they exist). See Section 4.3
and figure 3-8 and 3-11 for additional information.

SKEW — The actual angle that cross section must be rotated to locate the
cross section normal to the flow direction. The mecdel applies the
cosine of SKEW to the horizontal dimensions of the section to compute
the correct cross-section properties. Default is zero degrees.

EK,CK ~ Coefficients to be used for expansion and contraction losses,
raspectively, in the energy equation. Thege coefficients do not apply
to the bridge backwater computations. However, they are used in the
computation of the unconstricted profile in upstream computations (for
the full valley to approach section subreach) and would be used in the
approach to bridge section subreach in downstream computations.
Default values are 0.5 for EK and 0.0 for CK or the last values input
for a previous cross section.

VSLOPE — Valley slope in feet/foot. Used for adjusting elevations of
propagated geometry data. Also used for elevation adjustmenta of
approach cross-section data used to fabricate intermediate approach
¢cross sections when the approach gection is the upstream match section
for a multiple-opening situation. Default value is either zero or the
last valley slope that was input for a previous cross section.
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Table 17. Table 4.7 from the WSPRO Users Manual.

BP Record

Purposge: Specifying relation of bridge opening horizontal datum to the
horizontal datum of road and {or) approach section(s) (only
applicable to single-opening situations).

Format:
Columns Format Contents
1-2 A2 BP
3-10 8x blank
10-80 free XREFLT [, XREFRT, FDSTLT, FDSTRT]

Definition of variables:

XREFLT — Horizontal station on the road grade or approach section which
coincides with the projection of a reference point from the bridge
section. The reference point in the bridge section is either (1)
XCONLT {or BL record) for DESIGN MODE or (2) minimum x-coordinate of
the bridge section for FIXED-GEOMETRY MODE, The reference point is
projected vertically to the road grade section and aleng a line
parallel to the flow to the approach section. XREFLT is the only
parameter needed to provide a common horizontal datum for bridge and
road grade sections. Figures 4-4 illustrates use of the BP record for
the bridge/road grade adjustment. It alsc is sufficient to use only
XREFLT for marking necessary horizontal adjustments for bridge and
approach sections when their stationing is not alined properly and (or)
when either {or both) the bridge or (and} approach sections are skewed
te the bridge/approach section adjustment,

An additional three parameters are required to account for curvilinear flow
between bridge and approach cross sections. A typical situation is illustrated
in figure 4-6. The input data for the bridge and approach sections must be
alined normal to the flow. The variable flow length due to nonparallel
gectiong is described by the additional parameters:

XREFRT — Horizontal station of the approach section which coincides with the
projection (parallel to the flow) of a right-hand reference peoint in
the bridge section. This reference point iz either {1) XCONRT (on BL
record) for FIXED-GEOMETRY MODE.

FDSTLT, FDSTRT — The flow distances measured along the left and right
projection lines, respectively.

A BP record for datum correction between the rcad grade and the bridge must be
include in the road grade input data. A BP record for datum correction between
in the bridge and approach section or to account for curvilinear flow must be
included with the approach section input data.

98



BRI-STARS USER'S MANUAL CHAPTER 8 - BRIDGE SCOUR DATA

Table 18. Table 4.8 from the WSPRO Users Manual.

BR Record
Purpose: Header record for bridge crogs section.
Format:
Columns Format Contents
1-2 A2 BR
3-5 3x blank
5-10 A5 SECID
10-80 free SRD [, LSEL, SKEW, EK, CK, USERRCD]

Definition of variables:

SECID — Unique cross-section identification code (see discussion of SECID is
section d4.1).

SRD — Section reference distance; must be assigned the same value as the
full valley section.

LSEL — Elevation of the low chord of the bridge opening. Should be coded
for fixed geometry mode if there is any chance for submerged flow. The
model cannot check for, or compute, pressure flocw without this
elevation. The model computes a low chord elevation in design mode.

An average elevaticn is computed for sloping decks. Users may override
the design mode computed value by coding LSEL. See Section 4-3 for
additicnal discussion of LSEL.

SKEW — The actual angle that the cross section must be rotated to locate the
crogs section normal to the flow direction. The model applies the
cosine of SKEW to the horizontal dimensions of the section to obtain
the correct cross-sectional properties (Default value is zero).

EK,CK — Coefficients to be used for computing expansion and contraction
losses, respectively, in the energy equaticn. These coefficients are
not used to the bridge backwater computations. They would apply to
supercritical flow computations from the bridge section to the exit
section. Default values are 0.5 for EK and 0.0 for CK or the last
values input for a previous crosgs section. '

USERCD — User-specified coefficient of discharge for a bridge. Model will
uge this override value rather than computing the coefficient of
discharge.
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Table 19. Table 4.11 from the WSPRO Users Manual.

CD Record

Purpose: Mandatory record for ALL bridge openings to specify parameters used
for computing the flow length and the coefficient of discharge for a
bridge.

Format:

Columns Format Contents
1-2 A2 BR
3-10 8x blank
10-80 free BRTYPE, BRWIDTH, EMBSS, EMBELV, WWANGL, WWWID, ENTRND

Definition of variables:

BRTYPE

Indicates the type of bridge opening, as follows:

1 — Vertical embankments and vertical abutments with or without
wingwalls {(figure 4-7).

2 — Sloping embankments and vertical abutments without wingwalls
{figure 4-9).

3 — Sloping embankments and sloping spillthrough abutments
(figure 4-8).

4 — Sloping embankments and vertical abutments with wingwalls
(figure 4-10).

BRWIDTH — Total width (in direction of flow) of the bridge deck. For type 1
openings BRWIDTH should include the length of the upstream wingwalls.
For the other types BRWIDTH should reflect only the deck dimension.

The model computes the x~-components using the values coded for EMBSS
and EMBELV.

EMBSS — Embankment side slope, expressed in the horizontal change in feet
per foot change of elevation (e.g., 3 to 1 may be expressed as 3.0 or 2
and 2 ¥ to 1 would be expressed as 2.5). Default value is 0. This
parameter must be specified for BRTYPE 2, 3, and 4.

EMBELV — Embankment elevation must be coded for BRTYPE 2, 3, and 4. A
representative elevation in the vicinity of the bridge opening should
be used when the top of the embankment is not horizontal. EMBELV and
EMBSS are used to compute the x-component (s8) of the flow length
through the bridge (see figure 4-11).

WWANGL — Wingwall angle, in degrees., Required only for type 1 openings with

wingwalleg (figure 4-7) and type 4 openings (figure 4-10). Default is
zero degrees.
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Table 19. Table 4.11 from the WSPRO Users Manual (continued).

WWWID — Wingwall width, in feet. Reguired only for type 1 openings with
wingwalls (see figure 4-7). Default is 0.

ENTRND — Radius of entrance rounding, in feet. Required only for type 1
opening with rounded entrance corners. Default is 0.

Additional notes:
BRTYPE and BRWIDTH must be coded for all opening types.
For BERTYPE 1, additional parameters may be applicable as follows:
{(a) WWANGL and WWWID (both parameters must be specified when wingwalls
are present);
{b) ENTRND (if wingwalls are not present and entrance corners are
rounded); or
(c) No additional parameters when neither wingwalls nor entrance

rounding exists.

when coding a Type 1 bridge cpening, EMBSS and EMELV should be allowed to
default.

EMBSS and EMBELV must be coded for BRTYPE 2, 3, and 4.
There are no additional parameters for BRTYPE 2 and 3.

WWANGL should be coded for BRTYPE 4.
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Fable 20. Table 4.27 from the WSPRO Users Manual.

~ PW Record
Purpose: Specify pier or pile data.

Formats
Ceolumns Format Contents
1-2 A2 PW

3 1x blank
4 Il PPCD

5-10 6x blank

10~-80 free PELV(l1), PWIDTH(l), PELV(2), PWDTH(2)...PELV{NPFW),

PWDTH (NPW)

Definition of variables:

The parenthetical notation indicates the order number, i, assigned by the
model to each PELV and PWDTH data pair; i = 1 and 1 = NPW for the lowest and
highest PELV values with NPW < 25.

PPCD — Code to indicate whether the obstruction is in the form of piers
(PPCD = 0 or blank) or piles (PPCD = 1}. The adjustment to the
coefficient of discharge for piers reguires this distinction.

PELV(i) — The elevation, in feet above the common elevatiocn datum, of
the i*®* pair of elevation-width data.

PWDTH(i) — The gross width, in feet, of all piers (or pile bents) for
the i*" pair of elevation-width data.

Figure 4-15 illustrates coding requirements for pier data. The model creates
an slevation-area relationship from the elevation-width data. Straight-line
interpolation is used to obtain pier (pile) area between specified
elevations. A ¢ongtant piler (pile) area is assumed between the highest
elevation coded and the maximum bridge opening elevation ig a fatal error.

The minimum pier (pile) data reguirement is one elevation-width pair at the
minimum elevation that pier (pile) area begina. No additional datz are
required if the gross pier (pile) width is constant for the entire elevation
range between the specified PELV and maximum bridge opening elevation (see
figure 4-15a).

If the gross pier (pile) width should happen to vary uniformly over the
elevation range between minimum and maximum bridge-opening elevations, a
geocond elevation-width pair at the maximum elevation will suffice (see
figure 4-15b).

¥or nonuniform variation of gross pier (pile) width, two elevation-width
pairs are required at each elevation where there is an abrupt change in
gross pier (pile) width.

An abrupt change can be: (1) additional piers coming into effect with
increasing elevation; (2) change in pier dimensions; and (3) loas of piers
with increasing elevation (sloping low chord). Figures 4-15¢ and 4-15d
illustrate the above features.
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9. MINIMIZATION PROCEDURE DATA

Minimization computations in the BRI-STARS are activated by setting the variable
IOPTMNin the second field of the MN record to "MINIMIZATION REQUESTED." To
bypass these computations, the "NO MINIMIZATION REQUESTED" opticn should
be used.

Once the minimization computations are activated, total stream power computations
are performed at the end of the first time step and then at the end of specified
periedic time intervals. The frequency of these computations is controlled by the
variable ITERMN in the first field of the Ml record. Depending on the application, the
user might select these computations to be spaced apart in time or at every time
step. The selection of total stream power minimization frequency is to save computer
time in applications where nc appreciable changes in channel configurations are
expected within a time block. These types of applications involve either very low
sediment transport rates or very short time intervals. The range of allowable width
and depth variation at different cross sections along a study reach is defined by MR
records. Starting from the farthest upstream station, a single MR record should be
supplied for each cross section. In cross sections where no man-made or geologicat
constraints are present, the corresponding channel boundaries can be set beyond
the existing channe! boundaries or possible scour or deposition elevations.

Geological boring data and knowledge of man-made restrictions imposed on the
study reach are required in a definition of the range of width and depth variations in
the MR records.

Table 21 presents the minimization procedure records for a hypothetical study reach.
This reach contains three stations. Existing channels extend between the lateral
locations of 50 feet and 200 feet. Station No. 2 contains a lateral constraint at 210
feet (clay plug or rock formation) on the right-hand side of the channel looking
downstream. The scour depths at station No. 3 are controlled by ancther rock
formation at the elevation 2100.0 feet. No cther channel constraints are present than
those described above. Minimization computations are requested at every fifth time
step.

Table 21. Minimization procedure data for a hypothetical study reach with three stations,

FIELD NUMBERS
0] 1 T 2 1 3 T & 1 5 [ 6 | 7 T 8 1 9§ T 10
MN MINIMIZATICON REQUESTED
MT 5. |
MR -939.  999. 0.  3000.
MR -999. 210. a. 3000.
MR -999.  999. 2100. 3000.
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10. SENSITIVITY ANALYSIS

10.1

INTRODUCTION

10.2

In the numerical modeling of river systems, a large number of parameters require
value assignments to properly carry outthe computational tasks. The values of these
parameters often lack rigorous verification, and thus require value assignments
based on heuristic knowledge of the systems. Due to a lack of regularity of real
phenomena and operating conditions in physical experiments, these parameters
may assume a varying range of acceptable values. The uncertainties in
approximating these values in engineering applications mandate the adoption of
tolerances and safety factors in order to minimize risk of design failure. These
tolerances or safety factors are often obtained by introducing parameter variability
into the system and observing the change in the system's performance. This process
is referred to as sensitivity analysis.

The general definition of sensitivity is the rate of change in an output factor with
respect to a rate of change of an input factor. The input factors used in sensitivity
analysis are grouped info two categories. The first category is input parameter
values. The sensitivity analysis may aim toward seeking the variation of output
according to variation in this category. The second category is theoretical
formulations and equations. The selection of various formulations and equations for
the solution of the problem may also be the target of sensitivity analysis.

If the sensitivity analysis indicates a low level of variation with respect to a certain
input parameter or algorithm, then the simulation model user may choose tolerance
or safety factors to reflect this cbservation. However, if the system outputs are very
sensitive to variation in a parameter, the modeler may wish to reduce variability
either by additional research (to obtain higher confidence in the value) or by
introducing the appropriate tolerance or safety factor to compensate for the
parameter uncertainty. Sensitivity information is therefore very important in the
mathematical simulation of alluvial rivers because it can reduce the burden of
additional costs associated with applying arbitrary tolerance or safety factors to all
of the modeling variables. This information can also reduce modeling data
requirements.

MATHEMATICAL FORMULATION

In the model, the objective function value can be described as a function of
independent parameters

Y, = Flty T s Xy oo 5,) (101)

in which Y, is the objective function value corresponding to a given base simulation
parameter and x; is the independent parameter. in BRI-STARS, the variations of
water surface elevation and channe! bed elevation are the objective function values.
Roughness coefficients, time steps, sediment size distribution, etc., are considered
independent parameters.

The objective function value corresponding to a perturbed parameter (x) can be
written as:
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Y, = F(xl, Xyy e X + AXy o x") (102)

in which Y, is objective function value; and 4x; is the perturbation of the parameter x,.
In this equation, the parameters other than x,. remain unchanged. Using the two
equations given above, the coefficient of sensitivity can be formulated as:

Y,
o = ’Y 2+ 100 (%) (103)

H

and
=Y -1, (104)

in which a is rate of change of the objective function value corresponding to variation
{dx;) of the base simulation parameter; and g is change of the objective function
value.

10.2.1 Base Simulation

Parameters for the base simulation are mainly determined by data observed in the
field in a certain event. In case of a lack of observed data, the base simulation may
be determined based on physical model studies or heuristic knowledge of the project
engineers,

10.2.2 Selection of Parameters

Parameters for sensitivity analysis may be selected depending upon the objectives
of simulations, useful data, etc. The parameters used in sensitivity analysis of the
sediment routing models can be grouped under two main categories: physical and
operational parameters. These parameters and their relative importance are given
in table 22.

Table 22. Parameters of the sediment routing models.

Description of Data - [Relative Importance of Data
High | Medium Low
Sediment inflow X
Discharge inflow X
. Variation of bed elevation X

Physical N . e

parameters Sediment size distribution X
Water temperature X
Cross-section geometry X
Active layer thickness X
Coefficients of losses X
Sediment transport equation X
Pier scour equation X

Operaticnal Time step X

parameters Number of stream tubes X
Number of iterations X
Stream power minimization X
Roughness equation X

106



BRI-STARS USER'S MANUAL CHAPTER 10 - SENSITIVITY ANALYSIS

10.3

10.2.3 Limitation of Parameter Variability

For the physical parameters, parameter variability can be limited to the variations
experienced in the natural or experimental channel. For the operational parameters,
the limitation of the parameter variability can be chosen through analysis, based on
the objectives of the model application. Factors which influence the determination
of time step, for example, include simulation objective, accuracy required,
computational speed of the computer, etc. The relative sensitivity of parameters can
be found by varying sach one by an equal percentage and comparing corresponding
percentage changes in output.

APPLICATION

To study the sensitivity of BRI-STARS to various modeling parameters, a series of
microcomputer runs were performed. For these runs a stable uniform reach of
Rangpur Canal, Pakistan was chosen. Using the existing cross section and
hydrolagic data, various modeling parameters were altered. The computational
results were analyzed with respect to the amount of variation in the base parameters
chosen for sensitivity analysis. Tables 23 through 26 provide a pattial list of the
computer runs performed in the course of the sensitivity analysis. In these computer
runs the effects of selecting the following parameters were studied:

Roughness coefficient.
Sediment transport equation.
Duration of simulation time step.

Number of stream tubes.

In addition to the computer runs given in tables 23 through 26, a number of test runs
to study the effects of selecting the active layer thickness and the boundary
conditions were performed. In the tables 23 through 26 the test conditions used for
comparison are referred to as "base conditions." Differences in computed results
using the altered modeling parameters from their respective base values are
presented as nondimensional percentage variations whenever possible. In several
test cases the computed results corresponding to the base conditions were very
small. For these cases, since expressing the results as percentage variations from
these near zero values overamplified the importance of the parameter under
investigation, deviations were presented as dimensional quantities.

Table 23. Sensitivity analysis runs for roughness coefficient selection.

RUN NO. DESCRIPTION

1-9 Effects of selecting Manning's n Roughness Cosfficient on water
and sediment routing results (using Yang's Sediment Transport
Equation).

10-18 | Effects of selecting Manning's n Roughness Coefficient on water
and sediment routing results (using Acker and White's Sediment
Transport Equation).

19 - 27 | Effects of selecting Manning's n Roughness Coefficient on water
and sediment routing results (using Engelund and Hansen's
Sediment Transport Equation).

*n=0.02 used as a base condition for each Sediment Transport Equation; 3 stream
tubes.
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Table 24. Sensttivity analysis runs for selecting the duration
of computational time steps.

RUN NO. DESCRIPTION
28 Duration of time step (days) = 0.125
29 Duration of time step (days) = 0.250
30 Duration of time step (days) = 0.500
31 Duration of time step (days) = 2.000
32 Duration of time step (days) = 4.000
33 Duration of time step (days) = 5.000
34 Duration of time step (days) = 6.000
35 Duration of time step (days) = 10.00
36 Duration of time step (days} = 20.00

* 1 day is used as a base condition with Yang's equation and Manning's n coefficient
of 0.02; 3 stream tubes.

Table 25. Sensitivity analysis runs for longer time (1.5- and 8-year) simulations.

RUN NO, DESCRIPTION
37 Number of time steps = 480 and duration of each time step is 1 day
38 Number of time steps = 480 and duration of each time step is 6 days

*Using Yang's equation and Manning's n coefficient of 0.02; 3 stream tubes.

Table 26. Sensitivity analysis runs for the number of stream tube selection.

RUN NO. DESCRIPTION

39 Water and Sediment Routing using 1 stream tube

40 Water and Sediment Routing using 2 stream tubes

a1 Water and Sediment Routing using 4 stream tubes

42 Water and Sediment Routing using 5 stream tubes
*3 stream tubes used as a base condition, using Yang's equation and Manning's n
coefficient of 0.02.

The results of sensitivity analysis are presented in figures 38 through 46. Figure 38
demonstrates the effects of varying roughness coefficients and sediment transport
equations. In this analysis, for each of the three sediment transport functions
available in the model, 9 runs were performed for a total of 27 computer runs. The
Manning's roughness coefficients were varied through a range from 0.005 to 0.05.
The base condition for the computer runs was chosen as n=0.020. Sediment routing
computations were conducted using three stream tubes and a single sediment size
group of 0.125 mm - 0.250 mm. In figure 38, the scour/deposition of cross sections
6000 ft, 7000 ft, 8000 ft, and 10000 ft downstream from the canal entrance were
plotted for various roughness values. These scour/deposition values correspond to
computations utilizing 60 time steps of one-day duration. Results from the analysis
are summarized as:

L] Changing roughness coefficient changes the computed scour and
deposition significantly.

L Different sediment transport equations have significant effects.

These conclusions ¢can be observed by using values corresponding to a roughness
coefficient of n=0.02. Comparing scour/deposition values at 8000 {t, Yang's equation
predicts 0.1 ft of deposition; whereas the Ackers & White equation predicts 0.27 ft
of scour and Engelund & Hansen equation predicts 0.15 ft of scour. Similar results
can be obtained throughout the entire range of roughness values.
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Figure 38. Roughness sensitivity analysis.

Figures 39 through 43 demonstrate the sensitivity of sediment routing computations
to the duration of time step utilized in numerical computations at various locations
along the study reach. The conclusions from these figures are:

] Proper selections of time steps are necessary for the convergence of
results. In figures 39 through 43 for time steps of up to 3 days computed
results are almost unaffected. For time step durations larger than 20 days
the discrepancies with the base condition of one-day time step increase with
the length of simulation {unstable and nonconvergent).

] Since the finite difference scheme used for approximating the sediment
continuity equation is an approximation method, the accuracy of the results
rely on the duration of time step even within the stable range.

L] Proper selection of simulation time step should be made following a
sensitivity analysis.
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Figure 40. Time step sensitivity analysis at Station 7000.

110



BRI-STARS USER'S MANUAL

CHAPTER 10 - SENSITIVITY ANALYSIS

Station 8000 ft; Base Condition: DT = 1 Day

150 | n
[4
N -
/ \ 160 Days Later
100 0 Day
/ ——
g o / \ 240 Days Later
@ s
d
.;: : \
g 0 M
\ \
-50 \Qn
-100
0 10 20 30 40
Computational Time Step (days)
Figure 41. Time step sensitivity analysis at Station 8000.
Station 9000 ft; Base Condition: DT = 1 Day
400 T I
AN =
200 / \ 160 Days Later
/ ——
9 / 240 Days Later
o 200 / \
on
C
£ N
% 100 i /\ \
i
o i
S—
-100
0 10 20 30 40
Computational Time Step (days)

Figure 42. Time step sensitivity analysis at Station 9000.
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Figure 43. Time step sensitivity analysis at Station 10000,

Figures 44 and 45 demonstrate the sensitivity of computed results to number of
stream tubes selected for the BRI-STARS simulation. The computer runs for
studying the stream tube sensitivity were performed using one-day time steps and
a single sediment size. The scour depths shown in figures 44 and 45 pertain to
thalweg elevations. The analysis presented in this report was based on point values
rather than total sediment volume removed from the study reach. Figure 44
demonstrates the computed scour depths at various locations along the study reach
for one, two, thres, four, and five stream tubes. Figure 45 shows the same results
in terms of relative scour variation with the number of stream tubes. The base
condition used in figure 45 for computing relative scour depths was the computed
scour depths corresponding to three stream tubes. Figures 44 and 45 show that the
number of stream tube selection is not a factor in scour depth computations. This is
highly desirable since the stream tubes are merely utilized to obtain the variation of
flow conditions across the channel for higher model output resolution. Figure 46
shows the variation of execution times with the number of stream tubes selected for
the BRI-STARS simulation. For a single sediment size, the computation times are
only 8 percent higher for simulations utilizing five stream tubes than simulation runs
utilizing only one stream tube, indicating the efficiency of the BRI-STARS’ stream
tube computations.
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10.4 CONCLUSIONS

The sensitivity analysis of the parameters used in the BRI-STARS for simulation of

a stable uniform reach of the Rangpur Canal in Pakistan reached the following

conclusions:

1. The magnitude of scour or deposition at a given cross-section is sensitive
to the selection of sediment transport equation and Manning's roughness
coefficient.

2. Proper selection of computation time step based on sensitive analysis is
important to the accuracy and convergence of the computational results.

3. The computed average depth of scour is not sensitive to the selection of
number of stream tubes.

4, The increase of number of stream tubes used in the computation does not
increase the computationa! time significantly.

10.5 CALIBRATION GUIDELINES

Any numerical modeling effort of an alluvial system is conducted in three basic
stages:

L Calibration.
. Verification.
. Prediction.
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The first stage, calibration, aims at preparing the model of the type of system to be
modeled. Any past record of water and sediment flows and/or changes in channel
gecmetry can be used in the calibration process. These past records provide the
modeler with some initiaf indication of modeling parameters important in replicating
the past behavior of the system to be modeled. A sensitive analysis as presented
above aids in determining which parameters are more important to calibrate for
modeling behavior of a particular system. For example, in a large, flat-slope river, the
downstream water surface elevation is very significant, whereas in a small, steep
channel, selection of the downstream elevation may be less crucial. Once the
significant parameters are identified, they may be calibrated (assigned values) to fit
the observed past behavior of the system. The parameters selected during
calibration must be realistic and verifiable for other flow conditions.

The second stage, verification, involved application and comparison of the model to
adifferent, known real-life case. The results of this comparison determine the validity
and quality of the calibration. Ideally, a model properly calibrated with one real-life
scenario should accurately model a different situation in the same system.
Verification rarely yields exact agreement between the medel and the real-life case,
but the level of agreement in general provides a range of confidence in calibrated
paramsters.

Finally, once the model is calibrated and verified, predictions may be made
concerning system behavior for which there are no data. This step is the goal of the
modeling effort, wherein design decisions are made. These decisions are also
subject to sensitivity analysis to determine the level of confidence of the results.

For the BRI-STARS model, the calibration procedure is conducted in two phases:
i) calibration of hydraulic parameters; and ii} calibration of sediment transport
parameters.

In phase 1, calibration of hydraulic parameters aims at defining such parameters as
channel roughness, coefficients for energy loss due to expansion and contraction
and other factors such as bend losses, and control water surface elevations. In order
to accomplish this calibration, the modeler is advised to deactivate sediment routing
computation (select NO SEDIMENT TRANSPORT REQUESTED in the SO record
and skip all sediment transport records for the simulation) and focus solely on
hydraulic computations. Any past hydraulic records {such as velocity measurements,
water surface elevation data, or high water marks) may be used for calibrating the
model. In the absence of useful data, visual descriptions may even prove ussful to
the modeler.

For phase 2, calibration of the sediment transport parameters aims at defining such
parameters as active layer thickness, optimum sediment transport equation to use,
and sediment inflow into the study reach. In order to accomplish this calibration, the
modeler must activate the sediment transport computation by selecting SEDIMENT
TRANSPORT REQUESTED in the SO record and must provide pertinent sediment
data. In the absence of reliable data, the modeler may use information from
neighboring watersheds or other similar river reaches. Sediment transport should
then be simulated and checked for numerical stability with variation in the simulation
time step and cross section spacing. These parameters were discussed in the
previous sections along with other parameters significant to model calibration. As a
general rule, to ensure numerical stability in calibration time steps, smaller active
layer thicknesses (thickness of sediment layer which can be sorted in one time step)
should be chosen {second field of the SE record). Also, for closely spaced cross
sections, smaller time steps should be chosen to allow for the detection of the
passage of a sand wave during a single time step.
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Once the hydraulic and sediment transport calibration has been accomplished, the
modeler may then move on to verification and ultimately prediction of the behavior
of the river system. In design cases where no data is available, calibration and
verification are conducted based on the realism of the simulation results. For these
cases, the sensitivity analysis plays a more pronounced role in the modeling effort.
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APPENDIX B - INPUT DATA RECORDS

In this appendix BRI-STARS input records are listed. Their general format,
sequential order, and detailed description are provided.

B.1 LIST OF DATA RECORDS

Data records used in BRI-STARS input file are listed in table 27 in alphabetical
order. The detailed information for each data record is given at the page indicated
in this table.

Table 27. BRI-STARS input records

ID__ RECORD NAME PG.
AE  Abutment Scour EquationRecord . ........ ... ... .. o 132
AP  Abutment Scour ParametersRecord . ... ... ... ... ... 133
AS Abutment StationsRecord ........... .ottt 134
BE  BottomElevationRecord ....... .. ... i, 135
CB ChannelBottom Record ......... ... it i 136
CE  Coefficients of Expansicn/Contraction Record . ................ 137
CL Coefficients of LossesRecord ............. ..., 138
CM  Comment Record (also identifiedbyan™) .................... 139
CS Contraction ScourRecord ......... .. iiiiiiiiiierinrnnnnn 140
DD  Discretized Discharges Record . ........................... 141
GP Global PositioningRecord .......... ... .. ... 142
IT Number of lterations Record ............. ... cveiiiinn.s. 143
Ml Minimization Iterations Record . ............... .. ... .. ..... 144
MN  MinimizationOptionRecord ............ ... .. ... ... ..., 145
MR  Range of Bed Elevation and Width Variation Record . ........... 146
NC  Number of Rating CurvesRecord .......................... 147
ND  Number of Subchannels/Subsections Record ................. 148
NS  Numberof StationsRecord ............ ..., 149
NT  Number of Stream Tubes Record ... ........ .o, 150
PC  Pier Equation Coefficients Record .......................... 151
PE  PierScourEquationRecord ............... ..o, 152
PL  PlottingOptionRecord ......... ... ... i, 153
PP  Pier Scour Parameters Record .............ccoviiinvnnn... 154
PR PrintoutControl Record . ........ ... .00t 155
PS  PierStations Record .............coviiiiiiiiiiiiian., 156
PV Visual ScreenQutputRecord . ...........ciiiiiiinninnnn.. 157
PW  Water Surface Profile PlottingRecord ....................... 159
PX  Channel Cross Section PlottingRecord ................v..... 160
QI Water Inflow Hydrograph Record . .............coviiinenn.s, 161
QL Lateral WaterInflowRecord .. ............cciiiiiinnninnnn. 162
QQ Discharge Record . ...vviuin ittt ie i 163
QS Sediment Discharge Record .............c.ciiiiiiinennn... 164
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Table 27. BRI-STARS input records {continued)

1D RECORD NAME PG.
RB  Roughness BreakpointRecord . ......... ... ... ... . .. ... 165
RC RatingCurveRecord ....... ... .. ... .. . . i i, 166
RE Roughness EquationRecord ........ ... .. .. ... . ... 167
RH Roughness CoefficientRecord . ..................... e 168
SB  Sediment Size BreakpointRecord ............. ..o it 169
SD  Sediment Size DistributionRecord .. .......... ... il 170
SE  Sediment Transport Equation Record ....................... 171
SF  Number of Size FractionsRecord ............ ... ... ... ... 173
SG Sediment Size GroupsRecord . . ... . i i 174
sl Sediment Inflow Hydrograph Record . ......... ..ot 175
SL  Lateral SedimentInflowRecord ............ ... ... . ... 176
SO Sediment Transport OptionRecord ........c i, 177
SP  Sediment Transport Equation Parameters Record . ............ 178
SQ Stage-Discharge TableRecord ........oiiiiiiiiiiininnnss 179
SS Stage Record .......... .t i i i i 180
ST  Cross Section Identification Record ......................... 181
SX  Size Distribution Across Channel Record .................... 182
TL  Station Identification for Stage-Discharge Table Record ......... 183
TM  Water Temperatures Record ..................coivininnn.. 184
TQ TableofDischargesRecord ............ ... oo, 185
TT TitleRecord (3) ..o vii it e e e e e 186
WB WSPRO Bridge Option Record ....... e 187
XS  Cross Section GeometryRecord . ......... . i, 188
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B.2 FORMAT OF DATA RECORDS

BRI-STARS input is supplied through a data file composed of series of 80-column-
wide records. Each BRI-STARS record contains a 2-character record identification
field and 10 fixed-width data fields. The model documentation refers to the data
fields through their numeric sequence (e.g., Field 1, Field 5, etc.).

The width of BRI-STARS records are:
Field 0 Columns 1-2 for record identification

Field 1 Columns 3-8
Fields 2-10 Columns 9-16, 17-24, 25-32, ..., 73-80
The general layout of BRI-STARS data records is shown in table 28.

Table 28. General layout of BRI-STARS data records

1 2 3 4 5 6 7 g
Column Nos.: /12345678p012345678901234567890123456789011 2345678001234567890123456789012B456789(
Fields: FIELD| FIELD | FIELD | FIELD | FIELD | FIELD | FIELD | FIELD | FIELD | FIELD
o] 1 2 3 4 5 6 7 8 9 10

Note: Blank columns in each field are treated as zeros
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B.3 ORDER OF DATA RECORDS

SS - Stage Record w

QQ - Discharge Record

Lateral Water
inflow
Hydrograph

NT - Number of Stream Tubes Record

BE* - Bottom Elevation Record

CB - Channel Bottom Record w

CL - Cosefficients of Losses Record

~
CE* - Coefficients of Expansion/Contraction Record w v

. N
RB* - Roughness Breakpoint Record )
\

RH - Roughness Coefficients Record

RE - Roughness Equation Record v

X8 - Cross Section Geometry Record

XS - Cross Section Geometry Record )

_\

ND - Number of Subchannels/Subsections Record

(GP - Global Positioning Record

ST - Cross Section Identification Record

NS - Number of Stations Record
TT - Title Record No. 3

TT - Title Record No. 2

TT - Title Record No. 1

)
N
.

(

* - Denotes an
4 optional record

. J

Figure 47. lllustration of BRI-STARS record order.
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SI* - Sediment Inflow Hydrograph Record )
SL* - Lateral Sediment Inflow Record )
SX* - Size Distribution Across Channel Record h
SB* - Sediment Size Breakpoint Record h
\
SD - Sediment Size Distribution Record /
SG - Sediment Size Groups Record )
\
SF - Number of Size Fractions Record
\\
TM - Temperatures Record
, Y
SP* - Sediment Transport Eq. Parameters Record
ﬁ\
SE - Sediment Transport Equation Record
\
QS - Sediment Discharge Record
\
SO - Sediment Transport Option Record
Table of
Discharge and
Rating Curve
Discretized
Discharges and
Rating Curve

Stage-Discharge
Pairs

* - Denotes an
optional record

Figure 47. lilustration of BRI-STARS record order (continued).
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( CM(or [*])* - Comment Record (place anywhere)
( MR* - Bed Elevation/Width Variation Record

MN - Minimization Option Record

‘\
\
MI* - Minimization Iterations Record )
x

PW* - Water Surface Profile Plotting Record
PX* - Channel Cross Section Plotting Record W Y
™
~

PL - Plotting Options Record /

PV* - Visual Screen Output Record /

PV* - Visual Screen Output Record

™

PV* - Visual Screen Qutput Record h

PR - Printout Record ) /
\‘

CS - Contraction Scour Record )
PC* - Pier Equation Coefficients Record ) %
PP/AP* - Pier/Abutment Scour Parameters Record ) J
PS/AS* - Pier/Abutment Stations Record IV
( PE/AE" - Pier/Abutment Scour Equation Record
(WB" - WSPRO Bridge Option Record )

optional record

J * . Denotes an

Figure 47. llustration of BRI-STARS record order (continued).
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B.4

DESCRIPTION OF DATA RECORDS

In this section, detaited description of individual data record used in BRI-STARS are
presented. For each record following general description and use of the record,
different data fields are identified, variable names, allowed values for these
variables, (numeric or alphabetic information), range of acceptable values, and
descriptions are given. Finally, the typical use of the record in a data file is illustrated
by an example. In the Value section of each record, a “+” indicates a nonnegative
number, a *-” signifies that a negative number should be chosen, a “+/-" means that
anonzero number should be chosen. All other values are self-explanatory (e.g., “0"
means 0, “1.1" means 1.1, etc.).
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ABUTMENT SCOUR EQUATION RECORD

Record AE—REGUIRED for L.ocal Bridge Abutment Scour Computations

The AE record defines the local bridge abutment scour equation to be used in
estimating potential local bridge abutment scour. Options that are available in the
computer model are: CSU equation, the Laursen equations, and the Froehlich

equations.
Field Variable Value Description
0 1D AE Record Identification.
1 IABUT “+” or blank Variable to select the abutment scour equation.
1 Use CSU (Liu) equation.
2 Use Laursen clear-water equation.
3 Use Laursen live-bed equation.
4 Use Froehlich clear-water equation.
5 Use Froehlich live-bed equation.
2 NABUTST “4+” Number of stations containing bridge abuiments. Maximum
value of NABUTST is number of stations.
Example:
AE 3.0 2.0
as 4.0 2.0
AP 0.0 30.0 1.0 20.0 1040.0 5.0 2.3 2.0
AP 90.0  120.0 1.0 20.0 1040.0 5.0 2.3 2.0
AS 10.0 1.0
AP 0.0 50.0 1.0 20.0 1020.0 5.0 2.3 2.0

Related Records: AS, AP
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ABUTMENT SCOUR PARAMETERS RECORD

RECORD AP—REQUIRED for Local Bridge Abutment Scour Computations

The AP record is used to define the location of bridge abutments across the channel
at a given bridge station. This record defines the various parameters (such as
abutment location, type, etc.) necessary for the computation of local scour due to
bridge abutments in various equations. The appropriate fields of the AP record are
activated depending upon the abutment scour equation in the AE record. The
number of AP records for each abutment station should be equal to NABUT defined

in the 2nd field of the Abutment Station AS record. A set of (AP) records should be
provided for each station containing bridge abutments.

Field Variable Value Description
o iD AP Record Identification.
1 ABUTLFT qf-r Left end of abutment across channel facing downstream at the
station specified in the AS record.
2 ABUTRGT  “+/-” Right end of abutment facing downstream.
3 ABUTTYP iy Abutment shape number for scour equations.
1 Vertical-wall abutment.
2 Vertical-wall abutment with wing walls.
3 Spill-through abutment.
4 THETA g Angle of inclination of approach embankment,
5 ABUTELV - Elevation of abutment at fiood plain.
6 D50 “yr Sediment size at abutment location for which 50% of the sediment is
finer by dry weight (mm).
7 SIGMAG “p? Geometric standard deviation of bed material at abutment

[=(D84/D16)").

8 SEDINDX “ypr Fine sediment concentration index to determine critical shear stress
for the Laursen equation.
0 Clear water flow (Shield's criteria).
1 Low concentration.
2 Medium concentration.
3 High concentration.
4 Very high concentration.

Example:

AE 3.0 2.0

AS 4.0 2.0

AP 0.0 30.0 1.0 20.0 1040.0 5.0 2.3 2.0
AP 90.0 120.0 1.0 20.0 1040.0 5.0 2.3 2.0
AS 10.0 1.0

AP 0.0 50.0 1.0 20.0 1020.0 5.0 2.3 2.0

Related Records: AE, AS
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ABUTMENT STATIONS RECORD

RECORD AS—REQUIRED for Local Bridge Abutment Scour Computations

The AS record identifies stations containing bridge abutments, and defines the
number of bridge abutments at these stations. The geometric and flow parameters
corresponding to the abutments are specified in the Abutment Parameters (AP)
record. The number of AS records should be equal to NABUTST value specified in
the second field of the Abutment Scour Equation (AE) record.

Field Variable Value Description
0 ID AS Record Identification.
1 ABUTST  “4” Station number containing bridge abutments. Stations are

numbered in the downstream direction, starting with the furthest
upstream station as 1.

2 NABUT “q Number of abutments at station no. ABUTST. The geometric and
flow parameters corresponding to these abutments are specified
in the appropriate fields of the Abutment Parameters (AP)
records. The maximum number of abutments allowed at a given
abutment station is 10.

Example:

AE 3.0 2.0

AS 4.0 2.0

AP 0.0 30.0 1.0 20.0 1040.0 5.0 2.3 2.0
AP 90.0 120.0 1.0 20.0 1040.0 5.0 2.3 2.0
AS 10.0 1.0

AP 0.0 50.0 1.0 20.0 1020.0 5.0 2.3 2.0
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BOTTOM ELEVATIONS RECORD

Record BE—OPTIONAL

The BE record is activated by the READ option on the CB record. This record
defines the representative channel bottom elevations at different stations along the
study reach. These bed slevations are entered in the downstream direction starting
from the farthest upstream station. For each station, only one channel bed elevation

is utilized.
Field Variable Value Description
0 ID BE Two-character Record Identification.
10 Z " Bottom elevations at different stations given as a distance from the

sea level or a set datum. Only one representative elevation at each
station is required. The number of Z values are limited to the number
of stations defined in the NS record (in feet).

Example:

BE 944.0 942.0 940.0 938.0 836.0 934.0 932.0 930.0 928.0 926.0
BE 924.0 922.0 920.0 918.0 916.0 914.0 912.0 910.0 908.0
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CHANNEL BOTTOM RECORD

RECORD CB—REQUIRED

This record defines the type of channel bottom elevation computation. Based on
these bottom elevations, differentreaches are classified as subcritical, critical, and/or
supercritical at the beginning of water surface profile computations. The two options
allowed in the program are: READ and THALWEG.

Field Variable Value Description
0 ID CB Record Identification.
1 IOPTZI “+” or blank Channel bottom elevations computation method.
1 Use thalweg elevation for bottom slope estimation.
2 Use user supplied elvs. For bottom slope estimation.
2 IOPTZ text or blank Optional if Field 1 is specified.

THALWEG Channel bottom elevation at each station is set equal to the lowest
elevation at that station. This option is recommended for study
reaches for which the mode of flow is naot known or for reaches in
which a combination of supercritical and subcritical flows is
expected.

READ Channel bottom elevations at each station are read in manually.
The user, after plotting the thalweg elevations manually, decides on
the representative bottom elevations at different stations. These
values are entered on the optional BE records. This option is
recommended for strictly subcritical or supercritical study reaches
to save computer time.

Example:

RH .020 .020 .020 .020 .020

cL 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
CB THALWEG

NT 3.0

IT 15.0 1.0 .00833
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COEFFICIENTS OF EXPANSION/CONTRACTION RECORD

RECORD CE—OPTIONAL

This record defines the expansion or contraction loss coefficients to use in hydraulic
computations. The default values of expansion and contraction loss coefficients
which are internally set to 0.3 and 0.1, respectively, can be altered through the use
of this record.

Field Variable Value Description

0 ID CE Record ldentification.

1 COEFC “+” orblank  Contraction loss coefficient value. The default value is 0.1.

2 COEFE  “+” or blank Expansion loss coefficient value. The default value is 0.3.
Example:

RH .020 .020 .020 .020 .020 .020 .020 .020 .020 .020

RH .020 .020 .020 .020 .020

CE 0.1 0.8

cL 0.0 0.0 0.0 0.0 8.0 0.0 0.0 0.0 0.0 0.0

CB THALWEG

NT 3.0

IT 15.0 1.0 .00833
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COEFFICIENTS OF LOSSES RECORD

RECORD CL-—REQUIRED

This record defines the local energy loss coefficients at various stations along the
study reach. Loss coefficient values are entered in the downstream direction starting
from the farthest upstream station. At each station, only one loss coefficient across
the channel is allowed. The number of loss coefficients along the study reach is
controlled by the variable NSTA in the NS record.

Field Variable Value Description
0 ID CcL Record ldentification.
1-10 CLOSS “4” or blank  Energy loss coefficients. One for each station, starting from the
farthest upstream station.
Example:
RH .020 .020 .020 .020 .020 .020 .020 .020 .020 .020
RH .020 .020 .020 .020 .020
cL 0.0 6.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
CB THALWEG
NT 3.0
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COMMENT RECORD

RECORD CM (or *}—OPTIONAL

This record can be used to insert comments or other information which the user
wishes to have ignored by BRI-STARS (same as the [*] record employed by

WSPROQ).
Field Variable Value Description
0 ID CM {or*) Record Identification.
1 COMMNT text or blank User comments such as station numbers, hints, and text

which can be used to identify a certain feature.

Exampie:
cM**********************THIS :[S A TYPICAL COMI‘/IENT RECORD*********************
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CONTRACTION SCOUR RECORD

RECORD CS—OPTIONAL

This record provides information to compute local scour using Laursen's contraction
scour equations. The scour computed from Laursen's equations can be used for the
purpose of comparing the simulation results with hand calculations. Since
BRI-STARS utilizes the sediment continuity equation in which transport capacities
are determined by various equations, it intrinsically computes the contraction scour
during simulations. For long-term simulations, if the transport equation selected for
the simulation is in agreement with Laursen's simplified transport function, the
computed contraction scour is expected to be in agreement with simulated
contraction scour values.

Field Variable

Value Description

0 ID Cs Record Identification.

1 ISTA “q” Station number at which Laursen's contraction scour estimate is
requested. Stations are numbered in the downstream direction, with
Station No. 1 being the farthest upstream station.

2 QRATIO “pf The ratic of main channel flow to contracted section flow (the default
value is 1.0).

3 WIDRAT “qr The ratio of bottom widths for the main channel and the contracted
section (default = 1—no contraction).

4 RNRAT “a The ratio of average Manning's Roughness coefficients for the main
channel and the contracted section (default = 1).

5 D30CNTR Y e The sediment size at the contraction site for which 50 percent by
weight of the material is finer (in mm.).

Example:
cs 7.0 1.0 1.3 1.0 2.1
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DISCRETIZED DISCHARGES RECORD

RECORD DD—OPTIONAL

This record is activated if the second and third fields of the QQ record are set equal
to "DISCRETIZED DISCHARGES." The DD record is used to input the discretized
discharges defined in time blocks. The discharge hydrograph is first approximated
by a series of constant discharges. The number of time increments in each time
interval pertaining to a constant discharge block is determined. These values are
input in a table format. The sum of all time increments should be equal to the
maximum number of time iterations, ITIMAX, defined in the IT record.

Field Variable

Value Description

0 ID DD Record !dentification.

1 NDAY g Number of time increments corresponding to a given discharge
defined in field 2. The sum of all NDAY values in DD records should
be equal to ITIMAX in the IT record (no dimension).

2 Ql “4f" Discretized discharge value for the number of time increments,
NDAY, defined in Field 1. For the duration of NDAY, the discharge
hydrograph is approximated by the constant QI value (in cfs).

Example:

IT 9.0 1.0 2.0

9 DISCRETIZED DISCHARGES

Ss RATING CURVE

PD 1.0 1000.0

DD 1.0 2000.0

DD 1.0 2500.0

DD 2.0 2700.0¢

DD 1.0 1%00.0

DD 2.0 1500.0

DD 1.0  700.0

NC 1.0

RC 10.0 0.9 0.2 1000.0
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GLOBAL POSITIONING RECORD

RECORD GP—OPTIONAL

This record is for the global positioning of channel cross sections in order to display
the actual plan views of color-coded topographic changes and stream tube/velocity
distributions. Through the GP record, plan views of the actual cross section locations
and their orientations with respect to a coordinate axis are specified. This is
accomplished by specifying series of Easting and Northing locations corresponding
to the start and end points of channel cross sections and the break-points. Each
global positioning record contains information regarding the scale used in reporting
measurements, the starting location of the plan view with respect to lateral station
across the channel, and Easting and Nerthing pairs for the start and end points of
cross sections from plan view. A minimum of two pairs of GE-GN values are
required: one pair for the starting and the other pair for the ending point of the cross
section in the plan view. In cases where the cross section follows a broken line
across the channel, the start of enly the first segment is defined by a GE-GN pair;
fram that point on only the end points of each segment is entered. The ending of a
segment is usad as the start of the next segment. GP record allows one starting, and
up to 3 ending points (3 segments).

Field Variable

Value Description

0 1D GP Record Identification.
1 GSCALE Qor Default scaling factor of 1 to be applied to all global coordinate
blank locations specified in fields 3 through 10 (GE and GN values).
g User-supplied scaling factor to be applied to all global coordinate
locations specified in fields 3 through 10 (GE and GN values).
2 GCLOC 1 Starting reference point across channel corresponding to the first
Easting and Northing coordinate pair in fields 3 and 4 (in feet).
3 GE “+/-”  Easting coordinate for the start of the first channel segment (in feet).
4 GN “y7 Northing coordinate for the start of the first channel segments (in
feet).
5,7,9 GE “4/-”  Easting coordinate for the ending points of channel segments 1, 2,
and 3, respectively {in feet).
68,10 GN “q” Northing coordinate for the ending points of channel segments 1, 2,
and 3, respectively (in feet).
Example:

ST360C.0 25.00
GP 1.0 0.0
ND 1.0 683.03

0.00 0.00 1.50 1.00
4%20.0 765.0 4680.0 1414.0
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NUMBER OF ITERATIONS RECORD

RECORD IT—REQUIRED

This record defines the number of iterations and the duration of the time step used
in the water- and sediment-routing computations. The duration of time increments
between hydraulic computations, DTIME, is determined from division of the total
duration of water discharge hydrograph (in days) by the number of iterations,
ITIMAX. The time increment between each successive sediment routing
computation is then determined by the program by division of DTIME by the number
of sediment routing computations within each hydraulic time step, NITRQS.

Field Variable Value Description
0 1D IT Record Ildentification.
1 ITIMAX o The maximum number of time iterations.
2 NITRQS 1 Perform only one sediment routing computation in each time step.
“4f The number of sediment routing computations to be performed
within each hydraulic time step. During each time step, hydraulic
conditions are assumed to remain constant. At a given time step, the
variable NITQRS allows the sediment routing computations to be
performed at intermediate times.
3 DTIME “47 Duration of time step for which hydraulic conditions are assumed to
remain constant (in days).
4 EPS Oor Default. Use 0.001 ft for convergence criteria in water surface
blank computation (in feet).
“gr User-supplied value for convergence criteria in the normal depth,
critical depth, sequent depth, and energy balance equations (feet).
5 KM 0 Default. Use 2 maximum of 20 iterations in the water surface
convergence computations.
oy User-supplied maximum number of iterations allowed in normal
depth, critical depth, sequent depth, and energy balance
computations.
Example:
CB THALWEG
NT 3.0
IT 15.0 1.0 .00833
o0 TABLE OF DISCHARGES
ss STAGE DISCHARGE TABLE
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MINIMIZATION ITERATIONS RECORD

RECORD MI-—-REQUIRED for Minimization

The MI record defines the frequency of minimization computations. If minimization
is not requested, this recard may be omitted. Total stream power computations are
performed at the end of the first time step, and subsequently, at the end of each (1
+ITERMN) time step. These total stream power minimization computations are used
in the program'’s logic to decide whether to make the channel scouring/deposition
adjustments at the proceeding ITERMN time iterations in the lateral or in the vertical
directions. In order to save computational time, minimization computations are
activated only at specified time intervals.

Field Variable Value Description

0 iD MI Record ldentification.

1 ITERMN  “4” The frequency of total stream power minimization computations.
1 Perform minimization computations at each time step.
2 Perform minimization computations at time steps 1, 3, 5, etc.

Example:

PW WATER SURFACE PROFILE PLOTS 1.

MN MINIMIZATION IS REQUESTED

MI 5.0

MR -50.0 900.0 2270.0 2310.0
MR -50.0 900.0 2270.0 2310.0
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MINIMIZATION OPTION RECORD

RECORD MN--REQUIRED

The MN record activates total stream power minimization computations. With the
selection of "NO MINIMIZATION REQUESTED," the model operates as the Stream
Tube Computer Model for routing water and sediment through alluvial channels. This
Stream Power Minimization option increases computational times substantially and
therefore should be activated following the calibration runs (to check the direction of
channel evolution).

Field Variable Value Description
0 D MN Record Identification.
1 IMN blank Unused (in earlier DOS versions).
1 Use the model only for routing water and sediment.
2 Activate stream power minimization computations.
2 IOPTMN  text If Field 1 is specified, Field 2 is OPTIONAL.

NO MINIMIZATION Use the model only for routing water and sediment.

REQUESTED
MINIMIZATION 1S Activate total stream power minimization computations.
REQUESTED
Example:
PX CHANNEL CROSS SECTION PLOTS 3.
PW WATER SURFACE PROFILE PLOTS 1.
MN MINIMIZATION IS REQUESTED
MT 5.0

MR -50.0 900.0 2270.0 2310.0
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RANGE OF BED ELEVATION AND WIDTH VARIATION RECORD

RECORD MR—REQUIRED for Minimization

This record defines the allowable range of bed elevation and width variations at each
station along the study reach for the minimization computations. If minimization is
not requested, it can be omitted. The lateral and vertical channel restrictions (such
as geological or man-made) at different locations along the study reach should be
defined on the MR records. One record for each station should be supplied starting
from the farthest upstream station.

Field Variable Value Description
0 ID MR Record ldentification.
1 XLFTI g The lateral location at the left-hand side of the channel looking

downstream beyond which no channel expansion is allowed (in ft).

-9999 No left-hand side boundary.

2 XRGHTI! “pl" The lateral location at the right-hand side of the channel looking
downstream beyond which no channel expansion is allowed (in ft).

+9999 No right-hand side boundary.

3 CBLI Qor No channel controls for scouring in the vertical direction.
blank
gl Channel bottom elevation beyond which no scouring is allowed
(in ft).
4 CBHI Oor No channel controls for deposition in the vertical direction.
blank
“af” Channel bottom elevation beyond which no deposition is allowed
{in ft).
Example:
MN MINIMIZATION IS REQUESTED
MI 5.0

MR ~50.0 900.0 2270.0 2310.0
MR -50.0 900.0 2270.0 2310.0
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NUMBER OF RATING CURVES RECORD

RECORD NC—-—OPTIONAL

This record defines the number of rating curves to be used in defining the
stage-discharge values throughout the study reach. The NC record is activated by
selecting the "RATING CURVE" option in the SS record. It is placed right before the
RC records.

Field Variable Value Description

0 ID NC Record Identification.

1 NCURVES “” Number of user-supplied rating curves.

Example:

IT 9.0 1.0 2.0

QQ TABLE OF DISCHARGES

SS RATING CURVE

TQ 500.0 1600.0 2250.0 2650.0 2800.0 2250.0 1750.0 1500.0 1250.0
NC 1.0

RC 10.0 0.9 0.2 1000.0
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NUMBER OF SUBCHANNELS/SUBSECTIONS RECORD

RECORD ND—REQUIRED

This record defines the number of channel subsections and/or the number of
subchannels at a given station and the lateral locations corresponding to these
subsections/subchannels across the river. Al the channel subsections, except the
first subsection, are confined by the lateral locations defined in this record. The first
subsection is bounded by CROSLOC(ISTA,1) and DL(ISTA,1). The computer
program allows the user to define up to ten subsections/subchannels across the river
at each station (using 9 DL values).

Field Variable Value Description
0 D ND Record Identification.
1 NDIVI “47 Number of subchannels or subsections across the river at a given

station (up to 10).

2-10 DL “q End point locations of channel subsections with respect to a given
reference location at a given station. These values are entered
starting from the left side of the channel looking downstream. The first
channel subsection is bounded by the first CROSLOC value on the XS
record on the left and the first DL value on the right (in ft).

If the river channel consists of only a main channel and no overbanks,
NDIVI is set equal to 1. DL is set equal to the last CROSLOC value on
the XS record. The channel extends between the first and last
CROSLOC values on the XS record.

If the river consists of a main channel and right overbank, NDiVI is set
equal to 2. The first DL value corresponds to the end point of the main
channel across the river. The second DL value is set equal to the last
CROSLOC value on the XS record.

In the case of a left overbank, a main channel and a right overbank,
NDIVI are set equal to 3. The first DL value corresponds to the end
point of left overbank. The left overbank is bounded by the first
CROSLOC value and the first DL value, The second DL value
corresponds to the end paint of the main channel. The main channel
is bounded by the first and second DL values. The third DL value
corresponds to the end of the right overbank section. The right
overbank extends between the second and third DL values

Example:

ST4365.0 14.0 0.0 0.0 2000.0 1.0
ND 3.0 461.0 539.0 540.0
XS 309.7 460.0 299.7 461.0 299.7 470.0 299.7 485.0 299.7 488.0
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NUMBER OF STATIONS RECORD

RECORD NS—REQUIRED

This record defines the number of measured stations to be used by the program.
The total number of stations allowed in Version 5.0 of the program is 50.

Field Variable Value Description

0 ID NS Record ldentification.

1 NSTA o Number of stations for which channel cross sections are defined.
Example:

T EXAMPLE PROBLEM

T STILVERCROFT WASH CHANNEL 100-YEAR FLOOD -~ SUPERCRITICAL FLOWS

TT JULY 1992, ALBERT MOLINAS

NS 10.0

ST4365.0 14.0 0.0 0.0 2000.0 1.0

ND 3.0 461.0 539.0 540.0
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NUMBER OF STREAM TUBES RECORD

RECORD NT—REQUIRED

The NT record defines the number of stream tubes to be used in hydraulic and
sediment-routing computations. Since the number of water surface profile and
sediment-routing computations is directly proportional to the number of stream tubes
selected, the user should use his judgment and experience in selecting the number
of tubes. For large numbers of stream tubes, the coordinate pairs defining the cross
section geometries should be spaced closely across the channel. For most studies,
the use of three stream tubes would provide adequate information across the
channel. However, the program allows the use of up to 10 stream tubes. With the
selection of one stream tube, the model treats the entire channel as a single tube.

Field Variable Value Description
0 ID NT Record Identification.
1 NSTUBE 1-10 Number of stream tubes to be used in the hydraulic and

sediment-routing computations.

2-10  PRCTFLW biank Default. Equal flow distribution in each of the stream tubes.

0-1.0 Percent flow distribution for each of the stream tubes. Sum of the
percentage flows must be equat to 1.0.

Example:

CL 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
CB THALWEG

NT 3.0 0.35 0.45 0.2

IT 15.0 1.0 .00833

00 TABLE OF DISCHARGES
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PIER EQUATION COEFFICIENTS RECORD

RECORD PC—OPTIONAL

The PC record defines the coefficients in the specified generic bridge pier equation.
This record is activated if the variable IPIER in the PE record is set equal to 5. The
fields of the PC record define the generic local scour equation, which is in the form
of:

a D,, ¥
2w ' 2

in which kappa = proportionality constant; K, = shape factor; K, = alignment factor;
alpha, beta, gamma = exponents; y = flow depth; b = pier width; D, = dominant
sediment size; Fr = Froude number[ = V/JgT/ }; V = mean approach velocity; g =
gravitational acceleration; and ds = depth of scour. If the generic pier scour equation
is selected, the user must provide a PC record for each of the piers in the study
reach. This is done by supplying a PC record after every PP (Pier scour Parameters)
record.

Field Variable

Value Description

0 ID PC Record ldentification.

1 KAPPA o User-supplied value of proportionality constant ().

2 K1 wyr User-supplied value of shape factor K1.

3 K2 Ao User-supplied value of alignment factor K2.

4 ALPHA “q” User-supplied exponent for (y /b).

5 BETA e User-supplied exponent for Froude Number, Fr.

6 GAMMA “gfr User-supplied exponent for (DM / y).

7 DM g Dominant sediment size (D50, D65, or D30).
Example:

PE 3.0 2.0

PS 3.0 4.0

PP 10.0 10.0 1.0 20.0 40.0 5.0

PC 2.0 1.0 1.0 -0.65 0.43 0.0 5.0

PP 50.0 10.0 1.0 20.0 40.0 5.0

pC 2.0 1.0 1.0 -0.65 0.43 0.0

PP 90.0 10.0 1.0 20.0 406.0 5.0

PC 2.0 1.0 1.0 -0.65 0.43 0.0 5.0

PP 150.0 10.0 1.0 20.0 40.0 5.0

PC 2.0 1.0 1.0 -0.65 0.43 0.0 5.0

PS 10.0 1.0

PP 10.0 10.0 1.0 20.0 40.90 5.0

PC 2.0 1.0 1.0 -0.65 0.43 0. 5.0
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PIER SCOUR EQUATION RECORD

RECORD PE—REQUIRED for Local Bridge Pier Scour Computations

The PE record defines the local bridge pier scour equation to be used in estimating
potenitial local bridge pier scour. Options that are available in the computer model
are: CSU equations, the Laursen equation, the Jain and Fisher equation, Froehlich
equations, or a generic bridge scour equation.

Field Variable Value Description

0 ID PE Record ldentification.

1 IPIER e Variable to choose the local bridge pier scour equation to be used.
1 Use CSU equation.
2 Use Laursen equation.
3 Use Froehlich equation for live-bed scour.
4 Use Jain and Fisher equation.
5 Use generic equation.

2 NPIERST “a” No. of cross sections containing bridge piers (limited to total

number of stations specified in NS record).
Example:

PE 3.0 2.0

PS 3.0 4.0

PP 10.0 10.0 1.0 20.0 40.0 5.0

PC 2.0 1.0 1.0 -0.65 0.43 0.0 5.0

PP 50.0 10.0 1.0 20.0 40.0 5.0

PC 2.0 1.0 1.0 -0.65 0.43 0.0

PP 90.0 16.0 1.0 20.0 40.0 5.0

PC 2.0 1.0 1.0 -0.65 0.43 0.0 5.0

PP 150.0 10.0 1.0 20.0 40.0 5.0

PC 2.0 1.0 1.0 -0.65 0.43 0.0 5.0

PS 10.0 1.0

PP 10.0 10.0 1.0 20.0 40.0 5.0

PC 2.0 1.0 1.0 -0.65 0.43 0.0 5.0
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PLOTTING OPTION RECORD

RECORD FL—REQUIRED

This record allows the user the option of creating internal files to be used later in
generating plots. These files are stored internally with the default file names TAPES
and/or TAPES. During the execution of the model, the user may select different
names for these files. These files contain the summary of hydraulic and sediment
routing computations, and may be used in plotting and tabulating the results. If the
"PLOTTING IS REQUESTED" option is selected, the user must provide both the PX
and PW records.

Field Variable Value Description
0 ID PL Record [dentification.
1 IPL blank or “+" Variable to activate the plot file generation option. This field
was unused in DOS versions.
blank Use Field 2-4 selection.
1 Use the plot file generation option.
2 Do not generate plot files.
2-4 IOPTPL NO PLOTTING Do not use the plot generation option.
IS REQUESTED
PLOTTING IS Use the plot generation option. Specify whether cross section
REQUESTED or water surface profile plots, or both, are requested in the PX
and PW records. lf this option is selected, both the PX and PW
records should be provided.
Example:
PV 5.0 0.0 0.0 0.0 0.0 0.0 1.0
PV 9.0 0.0 0.0 0.0 0.0 0.0 1.0
PL PLOTTING IS REQUESTED
PX CHANNEL CROSS SECTION PLOTS 3.
PW WATER SURFACE PROFILE PLOTS 1.
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PIER SCOUR PARAMETERS RECORD

RECORD PP—REQUIRED for Local Bridge Scour Computations

The PP record is used to define the location of bridge piers acrass the channelata
given bridge pier siation. This record also defines the various paramsters (such as
pier width, flow angle of attack, etc.) necessary for the computation of local scour
due to bridge piers in various equations. The appropriate fields of the PP record are
activated depending upon the pier scour equation in the PE record. The number of
PP records for each pier station should be equal to NPIER defined in the 2nd field
of the Pier Station (PS) record. A set of PP records should be provided for each
station containing bridge piers.

Field Variable Value Description
0 iD PP Record Identification.
1 PIERCT “pf Pier center location across channel at the bridge pier station
specified in the PS record.
2 B “q” Pier width (used in all equations).
3 PIERTYP “+” Pier shape correction factor in CSU equation.
1 Square-nosed pier.
2 Round-nosed pier.
3 Sharp-nosed pier.
4 Cylinder,
5 Group of cylinders,
4 THETA “gr Angle of attack used in Froehlich equation.
5 PLEN “q” Pier length used in Froehlich equation.
6 D50 “ph Sediment size at pier location for which 50% of the sediment is finer
{mm).
Example:
PE 3.0 2.0
PS 3.0 4.0
PP 10.0 10.0 1.0 20.0 40.0 5.0
PC 2.0 1.0 1.0  -0.65 0.43 0.0 5.0
PP 50.0 10.0 1.0 20.0 40.0 5.0
PC 2.0 1.0 1.0 -0.65 0.43 0.0
PP 90.0 10.0 1.0 20.0 40.0 5.0
PC 2.0 1.0 1.0 -0.65 0.43 0.0 5.0
PP 150.0 10.0 1.0 20.0 40.0 5.0
PC 2.0 1.0 1.0 -0.65 0.43 0.0 5.0
PS 10.0 1.0
PP 10.0 10.0 1.0 20.0 40.0 5.0
PC 2.0 1.0 1.0 -0.65 0.43 0.0 5.0
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PRINTOUT CONTROL RECORD

RECORD PR—REQUIRED

This record defines the amount of printout and the interval of printing. In the current
version of the program, four different levels of printout are provided to allow the user
to follow computations. The user can also control the interval of printing. This option
is to enable the user to get detailed information only at specified time intervals.

Field Variable Value Description

0 ID PR Record Identification.

1 IPRLVL -1 No printout pertaining to hydraulic and sediment computations.

0 Limited printout. Only water surface profile tables are generated.

1 Normal and critical depth tables in addition to Leve! 0 printout are
generated.

2 Debugging option. Alf hydraulic computations are printed to allow
the user to follow the computations.

2 INTPR o Interval of printing. If a printout is desired at each time interval,
INTPR shouid be set equal to 1. Setting INTPR equal to a very
large number has the same effect as generating no printout.

3 IPRBGN O0orblank Default. Start from time step no. 1.

g Starting time step for printout.

4 IPREND Oorblank Default. Ending time step for printout is set to ITIMAX {maximum

time step).
fgn Ending time step for printout.
Example:

s .14 .14 .14 .28 .30

sD .14 .14 .14 .28 .30

PR 0.0 5.0

PV 3.0 0.0 0.0 0.0 0.0 0.0 1.0

PV 5.0 0.0 0.0 0.0 0.0 0.0 1.0
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PIER STATIONS RECORD

RECORD PS—REQUIRED for Local Bridge Scour Computations

The PS record identifies stations containing bridge piers, and defines the number of
bridge piers at these stations. The geometric and flow parameters corresponding to
the piers are specified in the Pier Parameters (PP) record. The number of PS
records should be equal to NPIERST value specified in the second field of the Pier
Scour Equation (PE) record.

Field Variable Value Description

0 ID PS Record Identification.

1 PIERST “&” Station number containing bridge piers. Stations are numbered
in the downstream direction, starting with the furthest upstream
station as 1.

2 NPIER g7 Number of piers at station no. PIERST. The geometric and flow

parameters corresponding to these piers are specified in the
appropriate fields of the Pier Parameters (PP) records. The
maximum number of piers allowed at a given pier station is 10.

Example:

PE 3.0 2.0

PS 3.0 4.0

PP 10.0 10.0 1.0 20.0 40.0 5.0

PC 2.0 1.0 1.0 -0.65 0.43 0.0 5.0
PP 50.0 10.9 1.0 20.0 40.0 5.0

PC 2.0 1.0 1.6 -0.65 0.43 0.0

PP 90.0 10.0 1.0 20.0 40.0 5.0

PC 2.0 1.0 1.0 -0.65 0.43 0.0 5.0
PP 150.0 10.0 1.0 20.0 40.0 5.0

PC 2.0 1.0 1.0 -0.865 0.43 0.0 5.0
PS 10.0 1.0

PP 10.0 10.0 1.0 20.0 40.0 5.0

PC 2.0 1.0 1.0 -0.65 0.43 0.0 5.0
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VISUAL SCREEN OUTPUT RECORD

RECORD PV—OPTIONAL

This record specifies the boundaries of the three stacked cross section plot windows
appearing on the right-hand side of the screen. These windows provide the user a
visual means of monitoring the progress of computations during the execution of the
model. They also allow the user to qualitatively inspect the results of scouring/
deposition computations through time without generating extensive hard-copy plots
and printouts.

The cross-section plot windows indicate two [ines: the original channel cross section
and the computed cross section at a given time step. A separate program status
window indicates the simulation time step. The plotting procedure in the model is
compatible with existing graphics hardware (VGA, Super VGA, and above).

In the absence of graphics capability, the model turns-off screen plotting. in the
presence of a graphics card, the user may choose between graphic- and text-mode
output (in order to speed up simulaticn) by specifying the appropriate value of
ISCTYP variable in the 6th field.

Field Variable Value Description
0 1D PV Record Identification.
1 ST “gf-" Station for which a cross section plot window is requested.
2 XMIN 0 Compute the minimum X-position across the channel.
gt Use the user-supplied left boundary across the channel,
3 XMAX 0 Compute the maximum X-position across the channel.
- Use the user-supplied right boundary across the channel.
4 YMIN 0 Compute the minimum bottom elevation across the channel for
station ST.
e Use the user-supplied minimum bottom elevation across the
channel.
5 YMAX 0 or blank Compute the maximum bottom elevation across the channel.
“qn Use the user-supplied maximum bottom elevation across the
channel.
6 ISCTYP 0 or blank Graphics card is present (VGA and above).
1 Use text-mode graphics irrespective of the graphics capability.
7 IUPST 0 or blank Default. Use station no. 1 as the upstream boundary of the

thalweg profile plot on screen.
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Field Variable Value Description
1-50 User-supplied upstream station number bounding the thalweg
profile plot.
8 IDWST 0 or blank Default. Use the furthest downstream station as the lower
boundary of the thalweg profile plot.
1-50 User-supplied downstream station number bounding the thalweg
profile plot.
9 WTRLV 0 or blank Default. Do not indicate the water surface line in the channel for

the cross-section screen plots.

1 Draw the water surface line across the channel in the cross
section screen plots.

2 Show the water surface line across the channel as a FiLL in the
cross section screen plots.

Example:

SD .14 .14 .14 .28 .30

PR 0.0 5.0

PV 3.0 0.0 0.0 0.0 0.0 0.0 1.0
PV 5.0 0.0 0.0 0.0 0.0 0.0 1.0
PV 9.0 0.0 0.0 0.0 0.0 0.0 1.0
PL PLOTTING IS REQUESTED

PX CHANNEL CROSS SECTION BLOTS 3.

PW WATER SURFACE PROFILE PLOTS 1.
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WATER SURFACE PROFILE PLOTTING RECORD

RECORD PW—OPTIONAL

This option is activated by "PLOTTING IS REQUESTED" in the PL record. The PW
record allows the user to generate water surface profile plots at desired time
intervals. Upon the selection of this option, the data required for generating plots are
extracted at the specified time intervals and stored internally in the default file name
FILES. During the execution of the program, the user may rename FILE9. This file
contains summary information for each station. The location of stations,
corresponding thalweg, water surface elevations, and velocities are stored in free

format.
Field Variable Value Description
0 ID PW Record Identification.
1 - blank Not used.
2-5 IOPTPL2 WATER Water surface profile plotting.
SURFACE
PROFILE
PLOTS
Y e Use the user-supplied left boundary across the channel.
6 INTPL2 0 Do not generate water surface profile plots.
>0 Generate water surface profile plots at time intervals of INTPL2,
7 IPL2BGN 0 Default. Use time step number 1 as the first time step for water
surface profile plotting.
>0 User-supplied time step value for initiating water surface profile
plotting.
8 IPLZEND © Default. Use time step ITIMAX as the last time step for water
surface profile plotting.
>0 User-supplied time step value for ending water surface profile
plotting.
Example:
PL PLOTTING IS REQUESTED
PX CHANNEL CROSS SECTION PLOTS 3.
PW WATER SURFACE PROFILE PLOTS 1.
MN MINIMIZATION IS REQUESTED
MI 5.0
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CHANNEL CROSS SECTION PLOTTING RECORD

RECORD PX—OPTIONAL

This option is activated by "PLOTTING IS REQUESTED" in the PL record. The PX
record allows the user to generate cross section plots at desired time intervals. Upon
the selection of this option, the data required for generating plots are extracted at the
specified time intervals and stored internally under the default file name FILES.
During the execution of the program, the user may rename FILES. This file contains
summary information for each station. The location of stations, the number of points
defining the channel geometries, and the pairs of bottom elevation-location across
channel values corresponding to these data points are stored in free format.

Field Variable Value Descripticn
0 ID PX Record Identification.
1 - blank Not used.
2-5 IOPTPL1 CHANNEL  Channel cross section plotting.
CROSS
SECTION
PLOTS
6 INTPL1 0 Do not generate cross section plots.
>0 Generate cross section profile plots at time intervals of INTPL1.
7 IPLIBGN 0 Default. Use time step number 1 as the first time step for cross
section plotting.
>0 User-supplied time step value for initiating cross section plotting.
8 IPL1IEND 0 Default. Use time step ITIMAX as the last time step for cross
section plotting.
>0 User-supplied time step value for ending cross section plotting.
Example:
PV 9.0 0.0 0.0 0.0 0.0 0.0 1.0
PL PLOTTING IS REQUESTED
PX CHANNEL CROSS SECTION PLOTS 3.
PW WATER SURFACE PROFILE PLOTS 1.
MN MINIMIZATION IS REQUESTED
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WATER INFLOW HYDROGRAPH RECORD

RECORD QI—REQUIRED for Lateral Water Inflow

The QI records are used to input the lateral water inflow hydrographs at given
stations. The lateral inflow stations are specified through the use of QL. records.
Water discharge values entered in fields 1 through 10 of each Ql record correspond
to discharges for each of the simulation time steps. The total number of discharge
values entered using QI records should be equal to the ITIMAX value which is
defined in the IT record. In case of no later water inflow, QI records can be omitted.
The water discharges specified in the fields of QI records are in cubic feet per
second.

Field Variable Value Description

0 ID Qi Record |dentification.

1-10 QLATERL “+/” Water inflow values corresponding to various simulation time steps
(cubic feet per second).

Example:

T 15.0 1.0 .00833

CM **** ENTER DISCHARGES STARTING FROM U/S STATION - INFLOW AT STA. 5... **%

QL 1.0 5.0

TL 1.0

QI2750.0 4500.0 6100.0 7000.0 6600.0 6000.0 4200.0 2950.0 2250.0 1550,

QI1450.0 1100.0 850.0 750.0 700.0

TL 5.0

QT 500.0 600.0 700.0 800.0  900.0 1000.0 1100.0 1200.0 1100.0 1000.

QI 500.0 400.0 300.0 200.0 100.0

00 TABLE OF DISCHARGES

SS STAGE DISCHARGE TABLE

TL 10.0

$Q 3250. 2283.50

5Q 5100. 2284.90

SQ 6800. 2286.05

8Q 7800. 2286.30

SQ 7500. 2286.40
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LATERAL WATER INFLOW RECORD

RECORD QL—REQUIRED for Lateral Water Inflow

QL records are used to indicate the lateral water inflow stations within the study
reach. In case of no lateral water inflow they can be emitted. The fields 2 through 10
of the first, and 1 through 10 of the second and following QL records contain station
numbers for which water inflow hydrographs are to be input. The maximum number
of water inflow stations are fimited to the total number of stations used in the
simulation.

Field Variable Value Description

0 ID QL Record ldentification.

1 ANL “pr Number of water inflow stations.

2-10 LATERAL “+” Station numbers indicating lateral water inflow stations. If the

(1-10 after value of ANL in field 1 exceeds 8, more than one record will be

first QL needed.

record)
In the second QL record and thereafter, Field 1 is also used for
entering lateral inflow values.

Example:

IT 15.0 1.0 .00833

CM **** ENTER DISCHARGES STARTING FROM U/S STATION -~ INFLOW AT STA. 5... ***

QL 1.0 5.0

TL 1.0

QI2750.0 4500.0 6100.0 7000.0 6600.0 6000.0 4200.0 2950.0 2250.0 1550.

QI11450.0 1100.0 850.0  750.0 700.0

TL 5.0

QI 500.0 600.0 700.0 800.0 900.0 1000.0 1100.0 1200.0 1100.0 1000,

QI 500.0  400.0 300.0 200.0 100.0

Q0 TAELE OF DISCHARGES

ss STAGE DISCHARGE TABLE

TL 10.0

SQ 3250. 2283.50

SQ 5100. 2284.90

S0 6800, 2286.05

SO 7800. 2286.30

SQ 7500. 2286.40
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DISCHARGE RECORD

RECORD QQ--REQUIRED

This record defines the discharge input options. The discharge values can be
entered either in tabular form as daily discharges, or in time blocks as discretized
discharges. The program allows up to 1000 discharge values. The number of
discharges to be used for a given study is limited by the variable ITIMAX in the IT

record.

Field Variable Value

Description

0 ID QaQ Record Ildentification.
1 QQ blank or “+” Variable to activate the plot file generation option. This field
was unused in DOS versions.

blank Use Field 2-4 selection.
1 Use TABLE COF DISCHARGES option.
2 Use DISCRETIZED DISCHARGES option.

2-4 IOPTQ  TABLE OF The discharges are entered in tabular form. Discharge values
DISCHARGES corresponding to each time step are provided.
DISCRETIZED The discharges will be entered in time blocks as discretized
DISCHARGES discharges.

Example:

NT 3.0

T 15.0 1.0 .00833

QQ TABLE OF DISCHARGES

8s STAGE DISCHARGE TABLE

7L 10.0
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SEDIMENT DISCHARGE RECORD

RECORD QS—REQUIRED for Sediment Transport

The QS record defines the sediment discharges entering the study reach at the
farthest upstream station. These sediment discharges are entered as a series of
constant bursts of discharges. The sediment discharge hydrograph is first
approximated by a series of constant discharges. The number of preselected
computational time increments in each time interval pertaining to a constant
sediment discharge block is determined. These values are input in a table format.
The sum of all time increments should be equal to the maximum number of time
iterations ITIMAX defined in the IT record.

Field Variable Value Description

0 iD Qs Record identification.

1 NDAY “p Number of time increments corresponding to the sediment
discharge defined in field 2. The sum of all NDAY values in QS
records should be equal te ITIMAX in the IT record
(dimensionless).

2-4 Qsl TABLE OF Discretized sediment discharge value for the number of time

DISCHARGES increments, NDAY, defined in field 1. For the duration of
NDAY, the sediment discharge hydrograph is approximated by
the constant QSI value (in tons per day).
Example:

S0 800. 2280.25

S0 SEDIMENT TRANSPORT IS REQUESTED

Qs 15.0 0.0

SE 1.0

™ 15.0 70.0
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ROUGHNESS BREAKPOINT RECORD

RECORD RB—OPTIONAL

The RB record specifies the roughness breakpoint locations across the channel and
the associated roughness values at a given station. Roughness breakpoints are
points at which the coefficient of roughness exhibits a distinctive change in value.
Generally, such breakpoints are observed in natural channels at the junction of flood
plains with the main channel, with higher roughness values occurring on the flood
plains and lower roughness values occurring in the main channel regions. The RB
record allows users to specify up to § roughness breakpoints and the associated
roughness values at a station. Only one RB record is allowed for each station along
the study reach. Stations are numbered in the downstream direction, with station
number 1 being the furthest upstream station. The focation of roughness breakpoints
across the channel are relative to the left-hand side of the channel facing
downstream. Location definitions follow the same specifications as the channel
geometry points across the station.

Field Variable Value Description

0 ID RB Record Identification.

1,3,5, RBV “y Roughness value associated with the roughness breakpoint
7,9 in the following field of the RB record.

2,4,6, RBX “4” Roughness breakpoint across channel. The roughness

8,10 coefficient for the channel segment bounded by the first RBX

value and the start of the channel is assigned the first RBV
value in the RB record.

For the following segments, the roughness coefficient for the
channel points following within consecutive RBX values are
assigned the RBV value associated with the right-hand value
of the segment.

Points falling beyond the last RBX value are assigned the
last RBV value.

Example:
RB 0.04 100.0 0.025 200.0 0.04  400.0

For this record, the channel cross-section points falling between the beginning of the channel and the 100 ft
station across the channel {facing downstream) are assigned a roughness value of 0.04. Points falling within
the segment 100.0 and 200.0 ft across the channel are assigned a value of 0.025, and the channel points
falling between locations 200.0 and 400.0 ft across the channel are assigned the value of 0.04.
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RATING CURVE RECORD

RECORD RC—OPTIONAL

This record identifies the station number for which the rating curve is given and also
for definition of the coefficients of the stage discharge function. The assumed
stage-discharge function is in the form of;

Stage in feet = C1(Discharge in ft*/sec)®? + C3

The coefficients C1, C2, C3 are expected to be derived by the user following a data
analysis. This option is activated by the "RATING CURVE" option in the SS record.
The number of rating curves provided for the study reach should be defined in the
NC record just before the RC record.

Field Variable Value Description

0 ID RC Record Identification.

1 ISTA “y¥ Station number for which the rating curve is provided. Stations are
numbered starting from the upstream-most station. The
interpolated cross sections are included in the numbering process.

2 c1 “4f" Value of the coefficient C1.

3 c2 “af Value of the coefficient C2.

4 C3 “pf Value of the coefficient C3.

Example:

IT 9.0 1.0 2.0

00 TABLE OF DISCHARGES

ss RATING CURVE

TQ 500.0 1600.0 2250.0 2650.0 2800.0 2250.0 1750.0 1500.0 1250.0

NC 1.0

RC 10.0 0.9 0.2 1000.0
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ROUGHNESS EQUATION RECORD

RECORD RE—REQUIRED

This record is used to select the roughness equation to be used throughout the
hydraulic computations. The available options are the Manning, Darcy-Weisbach, or
Chezy equations.

Field Variable Value Description

0 1D RE Record Identification.

1 - blank Not used.

2 EQROUGH text The flow equation to use in relating roughness to velocity.
MANNING  Use Manning's flow equation with Manning's roughness

coefficients.
DARCY Use Darcy-Weisbach equation with Darcy's friction factors.
CHEZY Use Chezy's equation with Chezy's resistance cosfficients.
Example:

X8 278.0 520.0 278.0 525.0 280.0 530.0 282.0 535.0 286.0 545.0

XS 290.0 555.0 290.3 562.0 290.% 576.0 291.0 605.0 290.0 635.0

RE MANNING

RH .020 .020 .020 020 .020 .020 .020 .020 .020 L020

RH .020 .020 .020 .020
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ROUGHNESS COEFFICIENT RECORD

RECORD RH—REQUIRED FOR EACH STATION

This record defines the channel roughness at given station coefficients, friction
factors, or resistance coefficients which correspond to the roughness equation
selected on the RE record. Roughness values at a station are entered across the
channel for each data point defining the geometry at that cross section. The
computer model limits the number of roughness values at a station to 27. RH
records for each station are entered starting from the farthest upstream station and
progressing in the downstream direction.

Field Variable Value Description
0 ID RH Record Identification.
1-10 RN “” Roughness coefficients at station STA corresponding to each data

point across the channel used in order to define the geometry. At
each station up to 200 BN values are allowed.

Example:

Xs 290.¢ 555.0 290.3 562.0 290.9 576.0 291.0 605.0 290.0 635.0
RE MANNING

RH .020 .020 .020 .020 020 .020 .020 .020 .020 .020
RH .020 .020 .020 .020
RH .020 .020 .020 .020 .020 .020 .020 .020 .020 .020
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SEDIMENT SIZE BREAKPOINT RECORD

RECORD SB—OPTIONAL

This record is utilized to input the sediment size variation across the channel at a
given station. Breakpoints at which sediment size gradation lines distinctively change
are indicated in the fields of the SB record. For each of the SBX values identified in
the SB record, an SX record must be supplied.

Field Variable Value Description
0 1D SB Record Identification.
1-10 SBX “47 Locations of breakpoints in sediment size gradations across the

channel at a given station.

Example:

SF 3.0

8G 0.250 0.500

5G 0.500 1.000

SG 1.000 2.000

8B 100.0 400.0

SX 0.33 0.33 0.33
SX 0.25 0.50 0.25
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SEDIMENT SIZE DISTRIBUTION RECORD

RECORD SD—REQUIRED

The SD record inputs the bed material size fractions falling within each size group
defined by SG records at different stations along the study reach. An SD record
should be provided for each cross section starting from the farthest upstream
station. The number of SD records should be equal to the total number of cross

sections.

Field Variable Value Description

0 ID SD Record Identification.

110 P 0sP<1 Bed material size fraction falling within each of the NF size groups.
The P value in the first field corresponds to the smallest size group
defined in the SG records. The number of P values on each SD
record is determined by the variable, NF, in the SF record.

Example:

SG .60 1.80

SG 1.80 5.00

spD .14 .14 .14 .28 .30

SD .14 .14 .14 .28 .30

s .14 .14 .14 .28 .30
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SEDIMENT TRANSPORT EQUATION RECORD

RECORD SE—REQUIRED for Sediment Transport

This record defines the sediment transport method or equation to be used in the
sediment load computations. Options that are available in the computer model are:
(1) the Molinas and Wu equation with bed material fraction (BMF) method for
fractional load, (2) the Molinas and Wu equation with transport capacity fraction
{TCF) method for fractional load, (3) the Ackers and White equation with the BMF
method for fractional load, {4) the Engelund and Hansen equation with the BMF
method for fractional load, (5) Yang's equation with the BMF method for fractional
load, (6) the Yang, Molinas, and Wu equation with the BMF method for fractional
load, (7) the Meyer-Peter Miller equation with the BMF method for fractional load,
and (8) a generic sediment transport equation. For the generic sediment transport
equation option, the user is required to provide the coefficients C1-C6 for the
equation

Q,; = C1{VZ(S)% ()™ (D)™ (Q)° (105)

in which Qs,i = sediment load for size group i in tons/day (by dry weight); V = velocity
in ft/sec; St =friction slope in ft/ft; d = depth in ft; Di = geometric mean sediment size
corresponding to size group i in mm; and Q = discharge in cfs. These coefficients
are defined by the user through the SP records.

Field Variable Value Description
0 ID SE Record [dentification.
1 ISED “a” Variable to choose the sediment transport equation or method to be
used.
1 Use Molinas and Wu (1996) equation with the BMF method for
fractional load (natural rivers and sand sizes only).
2 Use Molinas and Wu (1996) equation with the TCF method for
fractional load (natural rivers and sand sizes only).
3 Use Ackers and White (1973) equation with the BMF method for
fractional load (sand sizes only).
4 Use Engelund and Hansen (1972) equation with the BMF method for
fractional load (sand sizes only).
5 Use Yang's (1973, 1984) equation with the BMF method for
fractional load (sand and grave! sizes).
6 Use Yang, Molinas, and Wu (1996) equation with the BMF method
for tractional load (silt and fine sand sizes).
7 Use Meyer-Peter Miiller (1948) equation with the BMF method for
fractional load (sand, gravel, and larger sizes).
8 Use a generic sediment transport equation in the form of Eq. (105).

171



APPENDIX B - INPUT DATA RECORDS

BRI-STARS USER'S MANUAL

Field Variable Value Description

2 NALT Oorblank Use the default active layer thickness of 50*D{NF) where D(NF) is
the geometric mean sediment size corresponding to the size group
NF specified in the SF record.

“yP User-specified multiplication factor for defining the thickness of the
active layer given by: TAL = NALT*D{NF).
Example:

S0 SEDIMENT TRANSPORT IS REQUESTED

Qs 15.0 0.0

SE 1.0 50.0

T 15.0 70.0

SF 5.0

sG 0.062 0.125

$G 0.125  0.250

SG 0.250 0.500

5G 0.500 1.000

SG 1.000 2.000
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NUMBER OF SIZE FRACTIONS RECORD

RECORD SF—REQUIRED

The SF record defines the number of size fractions to be used in the sediment
transport capacity computations. In the computer program the number of size
fractions is limited to 10.

Field Variable Value Description

0 ID SF Record Identification.

1 NF 1<=NF<=10 Number of size fractions to be used in the sediment transport

capacity computations.

Example:

SE 1.0

™ 15.0 70.0

SF 5.0

sG .08 .29

sG .29 .50

56 .50 1.0

s¢ 1.0 2.0

SG 2.0 4.0
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SEDIMENT SIZE GROUPS RECORD

RECORD SG—OPTICONAL

The SG record defines the sediment size groups to be used in the sediment
transport capacity computations. With 8G records, up to 10 sand (also gravel, if
Yang's Method is used) size groups can be defined. These records are ordered with
increasing sediment sizes. For each size fraction, one SG record is required. The
number of SG records is limited by the variable NF (number of size fractions) in the

SF record.

Field Variable Value Description

0 iD 8G Record Identification.

1 DRL g7 Lower bound of the size group i {i=1,NF} {in millimeters). The
lowest allowable size is 0.0625 mm.

2 DRU “g Upper bound of the size group i (i=1,NF) (in milimeters). The
highest allowable size is 2 mm for Ackers and White and 10 mm
for Yang's Method.

Example:

SE 1.0

™ 15.0 70.0

SF 5.0

sG .08 .29

SG .29 .50

SG .50 1.0

8¢ 1.0 2.0

s¢ 2.0 4.0
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SEDIMENT INFLOW HYDROGRAPH RECORD

RECORD SI—REQUIRED for Latera! Sediment Inflow

The Sl records are used to input the lateral sediment inflow hydrographs for a given
stream tube at a given station. The lateral sediment inflow stations are specified
through the use of SL records. Sediment discharge values entered in each Sl record
correspond to lateral sediment inflow values for a given time step. Fields 1 through
10 in 8l records contain sediment discharges in cubic feet corresponding to various
size groups specified in SG records. The total number of Sl records needed for a
given lateral inflow station is:

(Total number of time steps) x (Number of stream tubes)

The order of Sl records follow the increasing order of stream tubes. In other words,
the first ITIMAX (total number of simulated time steps specified in the IT record)
number of St records corresponds to the first stream tube, the second ITIMAX
number of Sl records corresponds to the second stream tube, and so on. In case of
no lateral sediment inflow, S| records can be omitted. The sediment discharges
specified in the fields of Sl records are in cubic feet per second.

Field Variable Value Description

0 ID Sl Record Identification.

1-10 QSLATRL “q? Lateral sediment inflow values corresponding to various size groups
specified in SG records {cubic feet).

Example:

CM  **** GEDTMENT INFLOW AT STATION 5 - FIRST 5 VALUES FOR TUBE NO.1 ***

SL 1.0 5.0

TL 5.0

SI 160.0  100.0 100.0 100.0 ~ 100.0

8I 200.0  200.0 200.0 200.0  200.0

SI 200.0 200.0 200.0 200.0  200.0

SI 200.0 200.0 200.0 200.0 200.0

SI 300.0 300.0 300.0 300.90 300.0
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LATERAL SEDIMENT INFLOW RECORD

RECORD SL—REQUIRED for Lateral Sediment Inflow

SL records are used to indicate the lateral sediment inflow stations within the study
reach. In case of no lateral sediment inflow they can be omitted. In fields 2 through
10 of the first, and 1 through 10 of the second and foliowing, QL records contain the
station numbers for which sediment inflow hydrographs are to be input. The station
numbering convention assumes the furthest upstream station to be station 1. The
maximum number of sediment inflow stations are limited to the total number of
stations used in the simulation.

Field Variable Value Description

0 1D SL Record ldentification.

1 ANL “t Number of sediment inflow stations.

2-10 LATERLS “+ Station numbers indicating lateral water inflow stations. If the
(1-10 after value of ANL in field 1 exceeds 9, more than one record is
first SL needed.

record)

Example:

CM  *%%* SEDIMENT INFLOW AT STATION 5 - FIRST 5 VALUES FOR TUBE NO.1 ***

SL 1.0 5.0

TL 5.0

SI 100.0 100.0 100.0 100.0  100.0

SI 200.0 200.0 200.0 200.0 200.0

SI 200.0 200.0 200.0 200.0 200.0

SI 200.0 200.0 200.0 200.0 200.0

SI 300.0 300.0 300.0 300.0 300.0
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SEDIMENT TRANSPORT OPTION RECORD

RECORD SO—REQUIRED

This record activates sediment transport computations. These computations are
carried out at each time step with the computed hydraulic parameters.

Field Variable Value Description

0 ID SO Record Identification.

1 - - Not used.

2-5 SEDOPT SEDIMENT Activate sediment transport equations.
TRANSPORT
REQUESTED
NO SEDIMENT Do not use sediment transport equations.
TRANSPORT

Example:

SQ 950. 2280.50

SQ 800. 2280.25

S0 SEDIMENT TRANSPORT IS REQUESTED

s 15.0 0.0

SE 1.0

™ 15.0 70.0
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SEDIMENT TRANSPORT EQUATION PARAMETERS RECORD

RECORD SP—OPTIONAL

This record is used to provide the coefficients C1-C6 for the user-supplied generic
sediment transport equation:

Q,; = C1 (N2 (S)® (% (D) (Q*®

in which Q,, = sediment load for size group i in tons/day (by dry weight); V = velocity
in ft/sec; S; = friction slope in ft/ft; d = depth in ft; Di = geometric mean sediment size
corresponding to size group iin mm; and Q = discharge in cfs. For each size group,
one SP record must be supplied. This equation assumes that the given size group
is the only sediment group present in the bed. BRI-STARS internally multiplies the
load resulting from this equation by the fraction of the bed material associated with
the given size group (defined in the SD records).

Throughthe use of SP records, different sediment equations for different size groups
can be selected. Doing this, however, requires conversion of particular equations to
power forms through regression analysis.

Field Variable Value Description

0 ID SP Record Identification.

1 ISIZE Y Sediment size group number i. The size group number specified in
this field corresponds to the sediment size groups specified
through the SG cards.

2 C1 g Coefficient for the generic sediment transport equation.

3 c2 “y Velocity (V) exponent.

4 c3 P Friction siope (S;} exponent.

5 Cc4 g Hydraulic depth (d) exponent.

6 Ccs e Discharge (Q) exponent.

Example:

SE 5.0

SP 1.0 0.1333 3.32 0.0 -1.30 -0.61 1.0

SP 2.0 0.1333 3.32 0.0 -1.30 -0.61 1.0

SP 3.0 0.1333 3.32 0.0 -1.30 -0.61 1.0

™ 15.0 70.0

SF 3.0

SG .08 .29

s¢ .29 .60

56 .60 5.00
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STAGE-DISCHARGE TABLE RECORD

RECORD SQ—OPTIONAL

The SQ record defines a sequence of discharges and the corresponding stage
values to be used at different time steps. This option of stage and discharge
tabulation is activated by both the "TABLE OF DISCHARGES" in the QQ record and
the "STAGE DISCHARGE TABLE" inthe SS record. The number of stage-discharge
pairs is limited by the variable ITIMAX defined in the IT record. In order to use this
option, the station number for which the table is given should be defined in the TL
record. The number of stage discharge pairs which can be entered is limited by the

users hard disk space.

Field Variable Value

Description

0 1D sQ Record Identification.
1 QQ oy Discharge value (cfs).
2 STAGE “a? Stage value corresponding to QQ defined in field 1 (in f1).
3 DATE IYR:IMO:IDAY  Starting date of hydrograph step. IYR, IMO, IDAY are 2-digit
{or blank) integer values of year, month, and day corresponding to the
start of flows at discharge Q.
4 TIME IHR:IMIN:ISEC  Starting time of hydrograph using 24-hour clock. IHR, IMIN,
(or blank) ISEC are 2-digit integer values of hour, minute, and second
(optional) corresponding to the start of flow at discharge Q.
5 DT “4r Computational time increment for the time period specified by
consecutive SQ (Date-Time) values.
(0 or blank) Use the time increment value specified in IT record.
Example:
IT 15.0 1.0 .00833
QQ TAELE OF DISCHARGES
ss STAGE DISCHARGE TABLE
TL 10.0
S¢Q 3250, 2283.50
SQ 5100. 2284.90
SQ 6800. 228B6.05
SQ 7800. 2286.30
SQ 7500. 2286.40
SQ 7000. 2286.00
SQ 5300. 2284.85
SQ 4150. 2284.05
5Q 3350. 2283.30
5Q 2550. 2282.55
SQ 1950. 2281.95
S0 1500. 2281.40
5Q 1150. 2281.05
S5Q 950. 2280.60
5Q 800. 2280.25
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STAGE RECORD

RECORD SS—REQUIRED

This record defines the stage input options at control sections. The available options
use either a stage-discharge rating curve or a table of stage versus discharge
values. The number of stage values is limited by the number of time iterations.

Field Variable Value Description

0 D SS Record |dentification.

1 - blank Not used.

2-3 IOPTSTQ text Specify method of providing stage values at the boundaries.
RATING A stage discharge rating curve relationship in the form of:
CURVE Stage = C1 (Discharge}» C2 + C3

is provided. The values of C1, C2, and C3 are defined in the
RC record. Stage is in feet and discharge is in cubic feet per

second.
STAGE Use Darcy-Weisbach equation with Darcy's friction factors,
DISCHARGE
TABLE
Example:
QQ TABLE OF DISCHARGES
Ss STAGE DISCHARGE TABLE
TL 10.0

3Q 3250. 2283.50
SQ 5100. 2284.90
SQ 6800. 2286.05
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CROSS SECTION IDENTIFICATION RECORD

RECORD ST—REQUIRED

This record identifies the location of each cross section and the number of points
defining the channel geometry at this location. The cross sections are entered in the
downstream direction starting from the furthest upstream station.

Field Variable Value Description
0 ID ST Record Identification.
1 STA ol Station identification. Location of the cross section expressed in
terms of distance from a downstream reference station, in feet.
2 NPTS “y” Number of coordinate pairs to define the geometry of the cross
section at the station STA.
3 ISWITCH 0 Current station, STA, is not a control section. Water surface
elevation is not given.
1 Station STA is a control section. Water surface elevation is defined
either as a given elevation or as a rating curve.
4 ITYP “a7 Index to identify type of control.
0 if ISWITCH is equal to 0.
1 If ISWITCH = 1 and the channel control is a natural control.
2 If ISWITCH = 1 and the channel control is a lake.
3 If ISWITCH = 1 and the channel control is a weir.
4 if ISWITCH = 1 and the channel control is a gate.
5 BEC 0 Leave the given bed elevations across the channel at station STA
unchanged.
“gf Add the constant elevation BEC to the given bed elevations across
the channel at station STA (in f1).
6 XSWF 1 Leave the given lateral locations of the data points across the river at
station STA unchanged.
He Apply the muiltiplication factor XSWF to the lateral location of data
points across the river at station STA.
Example:
ST3865.0 14.0 0.0 0.0 2000.0 1.0
ND 3.0 461.0  539.0  540.0
X5 307.5 460.0 297.5 461.0 297.5 470.0 297.5 485.0 297.5 488.0
Xs 297.5 490.0 297.5 495.0 297.5 500.0 297.5 505.0 297.5 510.0
X$ 297.5 515.0  2987.5 530.0 297.5 539.0 307.5 540.0
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SIZE DISTRIBUTION ACROSS CHANNEL RECORD

RECORD SX—OPTIONAL

This record is used to input sediment size distribution across channel at a given
station at various ground elevation points. The number of SX records needed for a
given station is determined by the number of ground points used to define the cross
section at that station. User is expected to supply the exact number of SX records
for each of the desired stations. For stations where such resolution is not available
or not necessary, SD (Size Distribution) records can still be used. In other words, SD
and SX records can be combined in the definition of the bed material along the study

reach.
Field Variable Value Description
0 ID SX Record ldentification.
110 PNN 0-1.0 Bed material size fraction falling within each of the NF size groups.

The PNN valued in the first field corresponds to the smallest size
group given in the SG records. The number of PNN values in each
SX record is determined by the variable NF (no. of size groups) in
the SF record.

The number of SX records needed for each station (cross section)
is equal to the number of ground elevation points at that section.

SX records can be used along with SD records in the same data
set,

Example:

SF 3.0

SG 0.250  0.500

SG 0.500 1.000

SG 1.000  2.000

CM **#*#wkxkk* %4« *SGTATION 1 SEDIMENT SIZE DISTRIBUTION DATA******k#k%
SB 100.0 400.0

sX 0.33 0.33 0.33

SX 0.25 0.50 0.25

CM ¥ *¥kkkkk4 %« ¥ *GTATION 2 SEDIMENT SIZE DISTRIBUTION DATA** %% x
5D 0.4 0.4 0.2
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STATION IDENTIFICATION FOR STAGE-DISCHARGE TABLE RECORD

RECORD TL—OPTIONAL

This record identifies the station number for which the pairs of stage-discharge
values are given using SQ records. The station number corresponding to a cross
section is determined by the number of cross sections upstream from that location
including the current cross section.

Field Variable Value Description

0 ID TL Record Identification.

1 ITABLE My Station number for which pairs of stage-discharge values are

(1 <ITABLE < given. Stations are numbered starting from the

NSTA) upstream-most section.

2 SQMTHD 0 (or blank) Stage-discharge pairs defined in the SQ records averaged
values for the time interval specified by consecutive SQ
record.

1 Stage-discharge pair defined in the SQ record are point
vatues measured at the time specified on each SQ record. In
this method, in the time interval falling between two
measurements, linear variation of stage and discharge is
assumed and these interpolated values are used in
simulations.

3 DTUNITS DAYS (or blank}  Unit of computational time increments in SQ records is days.

HOURS Unit of computational time increments in SQ records is hours.

MINUTES Unit of computational time increments in SQ records is
minutes.

SECONDS Unit of computational time increments in SQ records is
seconds,

Example:

00 TABLE OF DISCHARGES

SS STAGE DISCHARGE TABLE

T, 10.0

$Q 3250. 2283.50

SQ 5100. 2284.90

SQ 6800. 2286.05
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WATER TEMPERATURES RECORD

RECORD TM—REQUIRED for Sediment Transport

The TM record defines water temperatures corresponding to each time iteration.
These temperatures are input in tabular form with the number of time iterations
occupying the first column and the corresponding temperatures, the second column.
The format of the TM record is identical to DD records used in discretizing water
discharge hydrograph. Therefore, if the water temperatures are given in terms of a
hydrograph, TM records can be generated following the procedure outlined in
Chapter 6 for discretized discharges.

Field Variable Value Description

0 ID ™ Record Identification.

1 NDAY " Number of time iterations for which water temperature is equal

to TEMP value specified in field 2.

2 TEMP “pr Water temperature in degrees Fahrenheit.
Example:

SQ 950. 2280.60

SQ 800. 2280.25

so - SEDIMENT TRANSPORT IS REQUESTED

Qs 15.0 0.0

SE 1.0

™ 15.0 70.0
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TABLE OF DISCHARGES RECORD

RECORD TQ—OPTIONAL

The TQ record defines a sequence of discharges to be used at different time steps.
This option of discharge tabulation is activated by selecting both the "TABLE OF
DISCHARGES" in the QQ record and the "RATING CURVE" in the SS record. The
stage values corresponding to the tabulated discharges are computed using the
stage-discharge function defined in the record SQ. The number of tabulated
discharge values are limited by the variable ITIMAX defined in the IT record.

Field Variable Value Description

0 ID TQ Record Identification.

110 QQ “p Discharge values corresponding to each time step. The number of
discharge values is limited to ITIMAX, defined in the IT record. In
the program unlimited number of discharges as can be entered
using TQ records (in cfs).

Example:

IT 9.0 1.0 2.0

9¢] TABLE OF DISCHARGES

ss RATING CURVE

TQ 50G0.0 1600.0 2250.0 2650.0 2800.0 2250.0 1750.0 1500.0 1250.0

NC 1.0

RC 10.0 0.9 0.2 1000.0
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TITLE RECORD

RECORD TT—REQUIRED

This record defines the title of the study. Each job is identified with three TT records
inserted at the beginning of the data set. The date of the study, purpose, and the
source of data should be indicated in these title records to specify the data set for
future references.

Field Variable Value Description
0 iD TT Record identification.
1.7 TITLE text Data set identification should include date, source 6f data, and

purpose of study. The titles should be centered in TT records as
they are requested to appear in the computer piots and the printout.

Example:

TT EXAMPLE PROBLEM FOR THE BRI-STARS MODEL

TT SILVERCROFT WASH 100 YEAR FLOOD FLOWS - LATERAL WATER & SED. INFLOW
T JULY 1992, ALBERT MOLINAS

NS 10.0

ST4365.8 14.0 0.0 0.0 2000.0 1.0
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WSPRO BRIDGE OPTION RECORD

RECORD WB—OPTIONAL

This record, placed following sediment data and just before pier scour data, directs
BRI-STARS to use WSPRO bridge routines. The fields of this record identify the
station number of the WSPROC bridge cross section and the name of the file
containing the WSPRO data records for the bridge.

Field Variable Value Description
0 1D wB Record Identification.
1 BRASTA  “4+/" Bridge station number for which WSPRO hydraulic

computations are desired.

2 BRFILE alphanumeric  Up to 64 character name of file containing information needed
to perform WSPRO hydraulic computations. The path of the
file may be included as a part of the name. If the path name is
not included, BRI-STARS will assume that the file is in the
current directory.

Example:

SD 1.000

sSD 1.000

SD 1.000

WB 3.0 WSPRO.DAT
PR 1.0 1.0

187



APPENDIX B - INPUT DATA RECORDS BRI-STARS USER'S MANUAL

CROSS SECTION GEOMETRY RECORD

RECORD XS—REQUIRED

This record defines the channel geometry at a given station. The channel is
described by pairs of lateral location and bed elevation values across the width. The
data points should be entered starting from the left-hand side of the channel looking
downstream and should progress towards the right-hand side.

Field Variable Value Description

0 D RB Record dentification.

1,3,5, BOTTOM  “#-” Bottom elevations of the data points defining the channe! geometry
7.9 across the river at station STA. Maximum number of BOTTOM

values at a given station is limited to 200 (in ft).

2,4,6, CROSLOC “4/-” Lateral ocations of the data points defining the channel geometry
8,10 across the river at station STA. Maximum number of CROSLOC
values at a given station is limited to 200 (in ft).

Example:

sT 0.0 25.0 0.0 0.0 2000.0 1.0

ND 3.0 390.0 555.0 635.0

XS 291.0 0.0 291.0 390.0 290.5 418.0 290.3 433.0 290.0 445.0
¥s 287.0 455.0 284.0 465.0 281.0 475.0 278.0 485.0 278.0  490.0
XS 278.0 495.0 278.0 500.0 278.0 505.0 278.0 510.0 278.0 515.0
XS 278.0 520.0 278.0 525.0 280.0 530.0 282.0 535.0 286.0 545.0
Xs 290.0 555.0 2980.3 562.0 290.9 576.0 291.0 605.0 290.0 635.0
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APPENDIX C - EXAMPLE INPUT FILES

The BRI-STARS package is supplied with'a set of 10 examples to demonstrate the various
options available in the model. The summary listing is given in table 4 with features of each
example. In appendix C, printouts of input data files are provided for three of the example
applications. These listings show typical format of BRI-STARS input files and introduce some
of the commonly used records and their sequential positioning within data files.

The input files selected for listing are:

L Dry Creek, near Barren Hills example with WSPRO input
(EXMPL0O02.DAT and WSPRO.DAT)

. Colorado State University Hydraulics Laboratory study of Schoharie Creek bridge
pier scour
(EXMPLOG5.DAT)

] Lower Tomillo Creek, Big Bend National Park, Texas
(EXMPLO06.DAT)
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C.1 DRY CREEK, NEAR BARREN HILLS EXAMPLE WITH WSPRO
INPUT (EXMPL002.DAT and WSPRO.DAT)

Main BRI-STARS data file for Dry Creek near Barren Hills (EXMPLO02.DAT):

TT DRY CREEXK NEW BARREN HILLS

TT SIMPLE BRIDGE EXAMPLE, FIXED GEOMTRY MODE

T ALBERT MOLINAS, APRIL 1990

NS 5.0

Ak k kR KKK KRR RN KRR KK AR AR R AN RF* QTAPION 1 AFKF AR A AR A AR A AR AR R AR KA AR A I A A A F ok Kk kk
ST 49000 25.0 0.0 0.0 0.50 1.00

ND 1.0 575.0

Xs81106.7 0.00 1105.70 75.00 1104.80 140.00 1100.10 165.00 1096.60 185.0
Xs1098.3 225.00 1097.50 235.00 1097.40 245.00 1093.70 275.00 1093.7C 290.0
X51094.4 310.00 1094.40 330.00 1097.10 345.00 1098.00 350.00 1097.50 370.0
Xs81096.9 390.00 1095.80 405.00 1095.80 435.00 1094.50 450.00 1094.00 465.0
X81097.1 485.00 1099.20 490.00 1100.00 515.00 1102.00 550.00 1109.00 575.0
Ak khkhkkhkhkhkhhbkddhrdhhhh kit hhhdtd STATION 2 (APPROACH) ERE SRR A E SRS RS R EE SRS ESERE LSS
ST 48100 25.0 0.0 0.0 0.00 1.00

ND 1.0 575.0

Xs81106.7 0.00 1105.70 75.00 1104.80 140.00 1100.10 165.00 1096.60 185.0
Xs51098.3  225.00 1097.50 235.00 1097.40 245.00 1093.70 275.00 1093.70 290.0
Xs1094.4 310.00 1094.40 330.00 1097.10 345.00 1098.00 350.00 1097.50 370.0
XS1096.9 390.00 1095.80 405.00 1095.80 435.00 1094.50 450.00 1094.00 465.0
X81097.1 485.00 1099.20 490.00 1100.00 515.00 1102.00 550.00 1109.00 575.0
LE R R RS EESEEEEEESEEEEEESEEEESS STATION 3 (BRIDGE) hhdhhhhhhhhhhhhdhhhdhhrhhhodrdr
ST 47900 9.0 ¢.0 0.0 0.00 1.00

ND 1.0 137.01

Xs81108.3 0.00 1105.50 0.00 1099.20 16.00 1093.10 50.00 1093.30 68.0
X51093.5 95.00 1097.10 117.00 1104.30 137.00 1106.%0 137.00

AR AR AR R ERELEEEEEEE LRSS SRS S STATION 4 (EXIT) LR EEE R EEESE SRS S S ES R R R EEERERERES

ST 47750 26.0 0.0 0.0 0.00 1.00

ND 1.0 549.0

X81107.6 0.00 1105.9¢0 70.00 1104.50 145.00 1099.50 161.00 109%6.40 187.0
X31098.1 223.00 1097.50 233.00 1097.10 243.00 1094.60 258.00 1093.60 273.0
XS51093.6 288.00 1094.20 308.00 1094.40 328.00 1096.90 344,00 1097.80 350.0
¥81097.3 367.00 1096.70 390.00 1095.60 407.00 1095.60 433.00 1094.30 447.0
¥51093.8 465.00 1096.90 486.00 1099.00 489.00 1099.50 515.00 1102.00 549.0

Xs1108.0 567.00

LA AR RS L AR LRSS SRR EREEEEEER SRS STATION § *** A dh kA ddh A A Ak kA kAR A AN AR IR A RN kA

ST 47500 26.0 1.0 1.0 0.00 1.00

ND 1.0 567.0

X51107.6 0.00 1105.90 70.00 1104.50 145.00 1099.50 161.00 1096.4C 187.0
Xs1098.% 223.00 1097.50 233.00 1097.10 243.00 1094.60 258.00 1093.60 273.0
X51093.6 288.00 1094.20¢ 308.00 1094.40 328.00 1096.90 344.00 1097.80 350.0
Xs1087.3 367.00 10%96.70 330.00 1095.60 407.00 1095.60 433.00 1094.30 447.0
Xs81093.8 465.00 1096.9C 486.00 1099.00 48%.00 1099.50 515.00 1102.00 549.0
X31108.0 567.00

LEEE R RSB EEEEEE SRS S E SR EE SRR ROUGHNESS DATA S . ]

RE MANNING

AAK KKK R AR IR EK IR KKRK Ik Rk kkkhdk QUATTON 1 A Ak F kb hkkhhkh kA kAR kR Ak h kR Rk kR Rk Ak ko
RHO0.0400 0©.0400 0.0400 0.0400 0.0400 ©.0400 0.0400 0©.0400 0.0400 0.040
RHO.0400 0.0400 0.0400 0.0400 ¢.0400 0.0400 0.0400 0.0400 0.0400 ©.040
RHO.0400 0.0400 ©.0400 0.0400 0.0400

FAKAKXEXAFAKKKKK KK KRR Kk h ok ¥ % STATTION 2 (APPROACH) * XA+ #hakh ki hhhkk Ak kAR A KA A KKK
RHO.0400 0.0400 0.0400 0.0400 0.0400 0.0400 0.0400 0.0400 0.0400 0.040
RHO.0400 0.0400 0.0400 0.0400 0.0400 0.0400 0.0400 0.0400 0.0400 0.040
RHO.0400 0.0400 0.0400 0.0400 0.0400

EEEEER R AR AR L LS TR EE R EE TRy STATION 3 (BRIDGE) khkhhhhhhhdhhhdhdhdhhhkhohhrihrkh

RHC.0400 0.0400 0.0400 0.0400 0.0400 0.0400 0.0400 0.0400 0.0400

LA AR SRR R s R R R R R R S R STATION 4 (EXIT) LRSS RS RS SR ES S ESESE TS EE TR EY)

RHO.0400 0.0400 0.0400 0.0400 0.0400 0.0400 0.0400 0.0400 0.0400 0.040
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RHO.0400 0.0400 0.0400 0.0400 0.0400 0.0400 0.0400 0.0400 0.0400 0.040
RHO.0400 0.0400 0.0400 ©£.0400 0.0400 0.0400

(R R SR AL TSRS SR EL AR EREERSEESES ] STATION 5 KX EAA A KA A kA h A h A AR XA A A AT A A A bbbk hdk
RHO.0400 0.0400 0.0400 ©0.0400 0.0400 0.0400 0.0400 0.0400 0.0400 0.040
RHO.0400 0.0400 0.0400 0.0400 0.0400 0.0400 0.0400 0.0400 0.0400 0.040
RH0.0400 ©0.0400 ©.0400 0.040C 0.0400 0.0400

Kkkkhkkkkkk kA Nk kX *k k%% COEFFICIENTS OF LOSSES DATA *hs ks kkkkhkkhhhhkkk kN dkhhkk %
CLO.0000 ©0.0000 1.2000 0.0000 0.0000

CB THALWEG

NT 3.0

IT 16.0 1.0 0.10000

Q0 TABLES OF DISCHARGES
ss STAGE-DISCHARGE TABLE
TL 5.0 '

KEXKRKA KKK ARK KKK KKK KX KA NS ¥ ¥DISCHARGE-STAGE DATA DPATRS * K *h %k kK k sk sk hd ok ok hk k k& &k %
SO 52001104.400
SQ  52001104.400
SQ  52001104.400
SQ  52001104.400
SQ@  52001104.400
S0 52001104.400
SQ 52001104.400
SO 52001104.400
5Q 52001104.400
S0 52001104.400
SQg 52001104.400
80 52001104.400
SQ 52001104.400
SQ  52001104.400
SQ 52001104.400
8Q 52001104.400

LR AR A SR E LR LR SRR LSS LR R RS SEDIMENT ROUTING DATA ****kdkkhdkhkhhhhhdhdhdrkadd

SC SEDIMENT TRANSPORT IS REQUESTED
Qs 16.0 0.00

SE 1.0

™ 16.0 60.00

SF 1.0

5G 0.300 0.500

5D 1.000

Sp 1.000

5D 1.000

sSb 1.000

SD 1.000

LA RS AR EEE LSS RIS X EREXEER ST ] WSPRC INTERFACE DATA **kkkdkkkdddhdkdkhhdrddrrddihdodhdnsk
WB 3.0 WSPRO.DAT

LA RS AR A SRR EREEREE LSS ELEE Y PRINTOUT AND PLOTTING DATA Thhkhkhhkhdkhhhkdhhrbhhhrdnki
PR 1.0 1.0

PV 2.0 0.0 0.0 0.0 0.0 0.0 1.0 5.0 2.0 10.0
PV 3.0 0.0 0.0 0.0 0.0 0.0 1.0 5.0 2.0 10.0
PV 4.0 0.0 6.0 0.0 0.0 0.0 1.0 5.0 2.0 10.0
PL PLOTTING IS REQUESTED

PX CHANNEL CROSS SECTION PLOTS 1.0

PW WATER SURFACE PROFILE PLOTS 1.0

MN NO MINIMIZATION IS REQUESTED
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WSPRO input data file (WSPRO.DAT) for the single-opening bridge in fixed-geometry mode referenced in
EXMPLO02.DAT, WP record:

T1
T2
T3

XS
*

*
*

*

Qo ®1g %
=

* i-g * g * ¥ 3

o}
o

0 BEXIT

FULLV

BRIDG

APPRO

DRY CREEK NEAR BARREN HILLS
SIMPLE BRIDGE EXAMPLE, FIXED-GEOMETRY MODE
WSPRO MANUAL, P. 157 EXAMPLE NO. 2
47750
EXIT CROSS SECTION
GR DATA (X-Y COCRDINATES) ARE DEFINED IN BRI-STARS FILE...
N DATA (MANNING N-VALUE) DEFINED IN BRI-STARS DATA FILE...
47800
FULL VALLEY
47900 1118.3 30
SRD L:SEL SKEW (HEADINGS FOR BR RECORD)
BRIDGE SECTION (FIXED-GEOMETRY MODE)
GR RECORDS ARE DEFINED IN BRI-STARS FILE...
PIER DATA - ELEV, WIDTH PAIRS
1094,2.3 1105.3,2.3 1105.3,6 1118.3,6

BRTYPE BRWDTH EMBSS EMBELV
2 60.4 1.0 1121.5

ABUTMENT TOE ELEVATIONS (TYPE 2 ONLY)
* * 1105.5 1104.3

48100

APPROACH SECTION

GR DATA SPECIFIED IN BRI-STARS DATA FILE..
225.
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C.2 CSU HYDRAULICS LABORATORY STUDY OF SCHOHARIE
CREEK BRIDGE PIER SCOUR (EXMPLO005.DAT)

TT SCHOHARIE CREEK PHYSICAIL, MODEI, PIER SCOUR EXPERIMENTS AT CSU

7 16 CFS RUN IN 8-FT WIDE EXPERIMENTAL FLUME. SLOPE=0.055 %

T C. SANTORO AND A. MOLINAS (COMMENT RECS AND SCREEN PLOTTING)
CM******************************************************************************
gﬁ***g;gii********************** 1ST STATION Xk kdkxrtddhkhbhhkdkhhhkdhkhkhhbhkhkhhkhhkthh xRtk kitxk
ST 41.0 19.0 0.0 0.0 100.00 1.00

ND 1.0 8.0

XS 10.0 0.00 0.031é 0.0 0.031s6 0.50 0.0316 1.00 0.031e 1.50
X50.0316 2.00 0.031e 2.50 0.031s 3.00 0.031s 3.50 0.0316 4.00
X50.031s6 4,50 0.0316 5.00 0.031s 5.50 0.0316 6.00 0.0316 6.50
X80.0316 7.00 0.0316 7.50 0.0316 7.99 10.00 8.00
CM*****************i************ 2ND STATION kkkkhkhkkhkdhrhhhdhdhbhkrhkhkdhhhbdhkdkhddtxh
ST 34.0 13%.0 0.0 0.0 99.9961 1.00

ND 1.0 8.0

Xs 10.0 0.00 0.0316 0.01 0.0316 0.56 0.0316 1.00 0.0316 1.50
X50.0316 2.00 0.031e 2.50 0.0316 3.00 0.0316 3.50 0.0316 4.00
Xs80.0316 4.50 0.0316 5.00 0.031le 5.50 0.031¢ 6.00 0.0316 6.50
Xs80.0316 7.00 0.0316 7.50 0.0316 7.99 10.00 8.00
CM*****************************i 3RD STATION A S ES AR SR R SRS R R R R R R R R AR RS R R R RS
ST 26.0 1%.0 0.0 0.0 99.%918 1.00

ND 1.0 8.0

Xs 10.0 0.00 0.0316 0.01 0.0316 0.50 0.0316 1.00 0.0316 1.50
x80.031¢6 2.00 0.031s 2.50 0.0316 3.00 0.031¢ 3.50 0.0316 4.00
X350.0316 4.50 0.0316 5.00 0.0316 5.50 0.0316 6.00 0.0316 6.50
X50.0316 7.00 0.031l6 7.50 0.0316 7.99%9 10.00 8.00
CM****************************** 4TH STATION R RS R R E LR SR SR SRR R EREEEEREETEEEEEEEE S
ST 24.0 19.0 0.0 0.0 99.9907 1.00

ND 1.0 8.0

Xs 10.0 0.00 0.031s 0.01 0.0316 0.5¢ 0.0316 1.00 0.0316 1.50
X80.0316 2.00 0.0316 2.50 0.0316 3.00 0.031s 3.50 0.0316 4.00
X50.0316 4.50 0.0316 5.00 0.0316 5.50 0.031s 6.00 0.0316 6.50
Xs0.031%6 7.00 0.0316 7.50 0.0316 7.99 10.00 8.00
CM****************************** STH STATION R EEER S SR ES S S SRR SRR RS R LRSS TR LRSS
sT 22.0 22.0 0.0 0.0 100.00 1.00

ND 1.0 8.0

X8 10.0 0.00 0.0212 0.01 0.0212 0.50 0.0212 1.00 0.0212 1.50
Xs50.0212 2.00 0.0212 2.50 0.0212 3.00 0.0212 3.35 0.0212 3.68
Xs 10.0 3.69 10.00 4.27 0.0212 4.28 0.0212 4.65 0.0212 5.00
Xs80.0212 5.50 0.0212 6.00 0.0212 6.50 0.0212 7.00 0.0212 7.50
X50.0212 7.%9 10.00 8.00

CM****************************** GTH STATION kbR hk kb hhkhkrhhhkhbdrhbhhkdhkhkhkhkdtik
sT 20.0 22.0 0.0 0.0 99.9989 1.00

ND 1.0 8.0

Xs 10.0 0.00 0.0212 0.01 0.0212 0.50 0.0212 1,00 0.0212 1.50
X50.0212 2.00 0.0212. 2.50 0.0212 3.00 0.0212 3.35 0.0212 3.68
Xs 10.0 3.69 10.00 4.27 0.0212 4,28 00,0212 4.65 0.0212 5.00
X80.0212 5.50 0.0212 .00 0.0212 6.50 0.0212 7.00 0.0212 7.50
X50.0212 7.99 10.00 8.00

CM****************************** 7TH STATION hhkkhhhkkbhkrkhkddrhkhhkhhkhhkrhhhbhdhhkkdhidikh
ST 19.0 22.0 0.0 0.0 99.9981 1.00

ND 1.0 8.0

Xs 10.0 0.00 0.0212 0.01 0.0212 0.50 0.0212 1.00 0.0212 1.50
Xs80.0212 2.00 0.0212 2.50 0.0212 3.00 0.0212 3.35 0.0212 3.68
Xs 10.0 3.69 10.00 4.27 0.0212 4.28 0.0212 4.65 0.0212 5,00
Xs80.0212 5.50 0.0212 6.00 0.0212 6.50 0.0212 7.00 0.0212 7.50
X80.0212 7.99 10.00 8.00

CM***********i****************** 8TH STATION EEE RS EEEEEREEE SRS £ R R R R R R Y
sT 17.0 19.0 0.0 0.0 99,9869 1.00

ND 1.0 8.0

X5 10.0 0.00 0.0316 0.01 0.031e 0.50 0.0316 1.00 0.0316 1.50
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Xs0.03186 2.00 0.0316 2.50
¥s0.0316 4.50 0.0316 5.00
Xs0.0316 7.00 0.0316 7.50
CM******************************
sT 0.0 19.0 1.0 1.0
ND 1.0 8.0

Xs 10.0 .00 0.031s 0.01
X50.0316 2.00 0.0316 2.50
Xs0.0316 4.50 0.0316 5.00
X50.0316 7.00 0.031s 7.50
RE MANNING

CM**hkhhhhhkhkkh kAR kR k kAR hkkkh kR
RHO.0200 0.0200 0.0200 0.0200
RHO.0200 0.0200 0.0200 0.0200

CM******************************

RHO.0200 0.0200 0.0200 0.0200
RH0.0200 0.0200 0.0200 0.0200
CMFH *h kR Rk Rk kR kAR R kAR R AR IR RN AN Ak
RHO.0200 0.0200 0.0200 0.0200
RHO.0200 0.0200 0.0200 0.0200
OM*hhhkhr kA hkhhhh kR hhhk ko hhhx
RHO.0200 ©0.0200 0.0200 0.0200
RHO.0200 0.0200 0.0200 0.0200

[l LEEEEEEEEEEAEEERELEEEREREEEEESE]

RHO.0200 0.0200 0.0200 0.0200
RHO.0200 0.0200 0.0200 0.0200
RHO.0200 0.0200

CM****i‘*************************

RH0.0200 ©£.0200 0.0200 0.0200
RHO.0200 0.0200 0.0200 0.0200
RH0.0200 0.0200

CM**hkhhhkhhkhkkkkkhkhkkkkkkkk k&
RHO.0200 0.0200 0.0200 0.0200
RHO.0200 0.0200 10,0200 0.0200
RH(0.0200 0.0200

CM**Fhhkrkk R hkhkkhkhkkkhk kb kkkkhkk
RHO.0200 0.0200 0.0200 0.0200
RH(0.0400 0.0400 0.0400 0.0400
CMF ke hk sk hhk ok ko kkkhkxkkkkokkkkok k%
RHO.0200 0.0200 0.0200 0.0200
RHO.0200 0.0200 0.0200 0.0200
CM**dhkkhhkkkhhhkkhhhkkhkhhhrhrhhk
CL 0.0 0.0 0.0 1.0
CB THALWEG

NT 4.0
IT 48.0
Q0
88
TL

1.0 0.0069 0.0001
TABLE OF DISCHARGES
STAGE DISCHARGE TABLE
9.0

0.031e 3.00 0.0316 3.50 0.0316 4.00
0.0316 5.50 0.031e 6.00 0.0316 6.50
0.0316 7.99 10.00 8.00

9TH STATION IR E AR EEERAR AL AL ERERRELELEEEREESS]

99.9774 1.00

0.0316 0.50 0.0316 1.00 0.0316 1.50
0.0316 3.00 0.031le 3.50 0.031s 4.00
0.0316 5.50 0.031¢ 6.00 0.0316 6.50
0.0316 7.99 10.00 8.00

lST STATION Kkkkhhkhakhhhhkhhhkrhahhhhhdhhrrrddht

0.0200 0.0200 0.0200 0.0200 ©0.0200 0.0200
0.0200 ©.0200 0.0200 0.0200 0.0200
2ND STATION hhkkkhkhkhkhkhrhkrodhrhbrhhrbdhkhhrhrrhkhh
0.0200 0.0200 0.0200 0.0200 0.0200 0.0200
0.0200 0.0200 0.0200 0.0200 0.0200
3RD STATION hhkhhkkhkhhhhhhhhhdbdbhdhortrrrhhkrdhrrrhs
0.0200 0.0200 0.0200 0.0200 0.0200 0.0200
0.0200 0.0200 0.0200 0.0200 0.0200

A4TH STATION **kkkdhdhrhrhkkrhhhkhhhbrhhddhrrrhrhid

0.0200 0.0200 0.0200 0.0200 0.0200 0.0200
0.0200 0.0200 ©.0200 0.0200 0.0200
STH STATION ****khkhkhkkhhrhdhrhhkhhdhhhhhdhhkhk
0.0200 0.0200 0.0200 0.0200 0.0200 0.0200
0.0200 0.0200 0.0200 0.0200 0.0200 0.0200

6TH STATION *#*dkdkdhddkdhrdhdhArkdhrrrdhdrrharas

0.0200 0.0200 0.0200 0.0200 0.0200 0.0200
0.0200 ©0.0200 0.0200 0.0200 0.0200 0.0200

T7TH STATION hhhkkkhkhkdhrh bbbk hdhderrrohdr

0.0200 0.0200 0.0200 0.0200 0.0200 0.0200
0.0200 0.0200 0.020C 0.0200 0.0200 0.0200
BTH STATION **A*hkkdhhhkxkhhhhhkk ko ke hhhd A ko w ok ok de ke
0.0200 0.0200 0.0400 0.0400 0.0400 0.0400
0.0200 0.0200 0.0200 0.0200 0.0200
OTH STATTON *hhkkdrkokdhhkokdkdkkhhdehdddokhfkk 4ok kk kkk
0.0200 0.0200 0.0200 0.0200 0©.0200 0.0200
0.0200 0.0200 0.0200 0.0200 0.0200
LOSS COEFFS **kkk ke kX hh ke kA kk kA XA A KR A KK KA & &K £ K
0.0 0.0 0.0 0.0 0.0
20.0

CM*rhkkhkdkhdhhkkkhhhhhhdkhkhdkkk DISCHARGE_STAGE DATA PAIRS Ahhkdkkkhkhhkhk bk hAdhhkhohdhh

100.419
100.649
100.839
100.949
100.949
100.949
100.949
100.949
100.949
100.949
100.949
100.949
100.9489
100.849
100.949
100,943
100.949

80 4.0
sg 8.
sQ 12,
s5Q  16.
sg 16,
50 16.
sQ  16.
80 1s.
sQ 16,
5Q 1s.
5Q
S0
5Q
5Q
5Q
SQ
5Q

OO0 TOOOOOOOO
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SO 16.0 100.949
SO 16.0 100.949
SO 16.0 100.949
S0 16.0 100.949
sQ 16.0 100.949
SO 16.0 100.949
SO 16.0 100.949
SO 16.0 100.949
SQ 16.0 100,949
SO 16.0 100.949
SO 16.0 100.949
SQ 16.0 100.949
sQ 16.0 100.949
SQ 16.0 100.949
SO 16.0 100.949
SO 16.0 100.949
SO 16.0 100.949
SO 16.0 100.949
SO 16.0 100.949
SO0 16.0 100.949
SQ 16.0 100.94%9
SQ 16.0 100.949
sQ 16.0 100.949
SO 16.0 100.949
SO 16.0 100.949
SQ 16.0 100.949
SO 16.0 100.949
S0 16.0 100.949
SQ 16.0 100.949
sQ 16.0 100.949

SQ 16.0 100.949

CM****************************SEDIMNT ROUTING DATA*****************************

S0 SEDIMENT TRANSPORT REQUESTED

Qs 48.0 0.

SE 1.0 10.

™ 48.0 70.

SF 6.0

sG0.0625 0.5000

SG0.5000 1.0000

$G1.0000 2.0000

5G2.0000 4.0000

SG4.0000 6.0000

$G6.0000 16.0000

sb 0.000 0.000 0.172 0.510 0.248 0.07
sp 0.000 0.000 0.172 0.510 0.248 0.07
Sp 0.075 0.049 0.097 0.461 0.248 0.07
sp 0,075 0.049 0.097 0.461 0.248 0.07
SDh 0.075 0.049 0.097 0.461 0.248 0.07
SD 0.075 0.049 0.097 0.461 0.248 0.07
sSD 0.075 0.049 0.097 0.461 0.248 0.07
SD 0.075 0.049 0.097 0.461 0.248 0.07
SD 0.075 0.049 0.097 0.461 0.248 0.07
cM

CM**rxxdkdkdkdkdxrxhkr k¥ k k5 * X *DRINTOUT AND PLOTTING DATA® & % k3 ok ok ok ok ok ok ok ok ok ok ok ok ok sk b ok
CM

PR 0.0 24.0 1.0 48.0

B T R Rt R R R e IR s 2232222222222 T
cM STA XMIN. XMX YMN YMX IVIDEO UPSTR DWNSTR WTR LINE VMAX
kA hkhrkd bk hhkhkhkkhbhhkrbkhbhhkhhhhkrdhbd b kA rdhhdhhkhkhdhkbhrhkthhh kb ko bkt dardrdk
BV 4.0 0.1 7.9 99.70 100.20 0.0 1.0 9.0 2.0 3.0
PV 6.0 0.1 7.9 99.70 100.20 0.0 1.0 9.0 2.0 3.0
PV 8.0 0.1 7.9 99.70 100.20 0.0 1.0 8.0 2.0 3.0
PL PLOTTING IS REQUESTED

PX CHANNEL CROSS SECTION PLOTS 4.0 1.0 48.0

PW WATER SURFACE PROFILE PLOTS 1.0 1.0 48.0

MN NO MINIMIZATICON REQUESTED
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C.3 LOWER TORNILLO CREEK, BIG BEND NATIONAL PARK, TEXAS

(EXMPLO006.DAT)
Tl LOWER TORNILLO CREEK - BIG BEND NATIONAL PARK, TEXAS
T2 X-SECTIONS INPUT FROM UPSTREAM TO DOWNSTREAM
T3 PROVIDED BY DR. LARRY ARNESON, FHWA
NS 29.0
ST 19430 22 0.0 0.0 0.0 1.0
ND 1.0 2397
Xs 2070 1.0 2060 36 2058 40 2056 123 2056 257
X5 2054 311 2054 500 2054 691 2054 900 2054 1100

X5 2054 1300 2054 1440 2054 1583 2052 1597 2052 1812
X5 2052 2027 2050 2033 2050 2100 2050 2243 2050 2385
XS 2060 2391 2070 2397

ST 18750 18 0.0 0.0 0.0 1.0

ND 1.0 2496

Xs 2060 1.0 2056 212 2054 330 2052 426 2050 30
Xs 2050 650 2050 850 2050 1074 2048 1318 20456 1348

X5 2046 1500 20456 1688 2044 1752 2044 2000 2044 2200
XS 2044 2448 2050 2478 20860 2496

ST 18100 19 0.0 0.0 0.0 1.0

ND 1.0 2250

XS 2050 1.0 2048 94 2046 160 2044 280 2044 500
Xs 2044 718 2042 744 2040 762 2040 940 2038 954

Xs 2038 1100 2038 1300 2038 15086 2040 1614 2040 1800
Xs 2040 2086 2042 2110 2044 217¢ 2050 2250

ST 17470 23 0.0 0.0 0.0 1.0

ND 1.0 2454

Xs 2050 1.0 2040 24 2036 44 2036 84 2034 288
Xs 2032 370 2032 500 2032 600 2032 750 2032 854
X5 2034 908 2034 1100 2034 1300 2034 1469 2034 1638

X5 2036 1648 2038 1796 2040 1894 2042 1988 2044 2080
XS 2046 2196 2048 2324 2050 2454

ST 16870 22 0.0 0.0 0.0 1.0

ND 1.0 2042

XS 2040 1.0 2032 24 2030 76 2028 172 2028 210
XS 2026 218 2026 400 2026 600 2026 816 2028 212

Xs 2028 1100 2028 13G0 2028 1400 2028 1520 2030 1556
X5 2030 i672 2030 1788 2032 1818 2034 1898 2036 1952
XS 2038 2024 2040 2042

ST 16200 23 0.0 0.0 0.0 1.0

ND 1.0 1890

XS 2032 1.0 2030 2 2022 16 2022 88 2020 94
X3 2020 100 2020 200 2020 300 2020 406 2022 470
X5 2022 600 2022 700 2022 800 2022 964 2024 9270

X52024.3 1100 2024.86 1300 2025.5 1546 2024 1606 20286 1714
XS 2028 1770 2030 1856 2032 1890

ST 15480 17 0.0 0.0 0.0 1.0

ND 1.0 1758

XS 2030 1.0 2020 8 2014 16 2014 150 2014 320
Xs 201s 328 2016 500 2016 664 2018 732 2018 800
X5 2018 900 2018 1100 2018 1324 2019.2 1550 2020 1696
XS 2022 1732 2030 1758

ST 14750 25 0.0 0.0 0.0 1.0

ND 1.0 1732

Xs 2020 1.0 2018 14 2016 52 2015.2 96 2014 120
Xs 2008 220 2008 379 2008 538 2008 642 2008 746
Xs 2010 756 2010 866 2008 872 2008 1008 2010 1100

X8 201¢ 1208 2010 1320 2010 1398 2010 1498 2012 1538
Xs 2012 1618 2014 1674 2016 1718 2018 1728 2020 1732

ST 13910 18 6.0 0.0 0.0 1.0

ND 1.0 1572

X5 2014 1.0 2012 58 2010 70 2002 108 2002 300
Xs 2002 500 2002 680 2002 818 2000 870 2000 1000
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Xs 2000 1142 2002 1170 2002 1321 2002 1472 2004 1520
XS 2006 1548 2008 1558 2014 1572

ST 13310 15 0.0 0.0 0.0 1.0

ND 1.0 1388

Xs 2010 1.0 2000 54 1986 72 1995.94 200 1995.86 400
X51995.8 600 1295.7 758 1995.8 900 1996 1046 1994 1136
Xs19%84.1 1258 1996 1258.2 2000 1298 2002 1338 2010 1388
ST 12740 25 0.0 0.0 0.0 1.0

ND 1.0 2602

Xs 2010 1.0 2000 42 1999.32 200 1988.48 400 1987.62 600
Xs81996.6 800 1995.5 1000 19985.07 1200 19%4.54 1326 1994 1452

X5 1990 1538 1990 1712 1990 1726 1990 1776 1990 1798
Xs 1990 1858 1992 1864 1992 1918 1990 1924 1990 2062
Xs 199%0 2200 1990 2357 1990 2514 2000 2528 2010 2602

ST 12010 13 0.0 0.0 0.0 1.0

ND 1.0 1426

Xs 2000 1.0 1990 14 1988 18 1986 38 1984 58
Xs 1984 200 1984 400 1984 600 1984 800 1984 1000
X8 1984 1236 1990 1252 2000 1426

ST 11410 17 0.0 0.0 0.0 1.0

ND 1.0 1608

Xs 2000 1.0 1990 26 1982 60 1980 170 1980 264
Xs 1978 268 1978 350 1978 500 1978 700 1978 900

X5 1978 1000 1978 1186 1980 1196 1980 1350 1980 1510
%5 1990 1568 2000 1608

ST 10640 17 0.0 0.0 0.0 1.0

ND 1.0 1372

Xs 1990 1.0 1980 18 1970 32 1870 200 1970 400
Xs 1970 521 1970 642 1972 666 1972 800 1972 994

X5 1974 1068 1974 ileé 1974 1264 1972 1298 1972 1358
XS 1980 1362 1990 1372

ST 10050 16 0.0 0.0 0.0 1.0

ND 1.0 1034

Xs 1980 i.¢0 1970 8 1968 14 1966 18 1966 150
Xs 18966 278 1966.9 464 1968 528 1968 685 1968 763.5
X8 1968 842 1966 878 1966 962 1968 966 1970 994
Xs 1980 1034

ST 9340 17 0.0 0.0 0.0 1.0

ND 1.0 1026

XS 1980 1.0 1970 20 1964 40 1964 98 1962 128
Xs 1960 164 1960 282 1960 400 1960 592 1958 666
Xs 1958 722 1960 796 1960 856 1962 866 1962 958
X5 1964 996 1980 1026

sT 8720 15 0.0 0.0 0.0 1.0

ND 1.0 1154

X5 1966 1.0 1964 82 1962 188 1961.3 322 1960 402
Xs 1958 434 1956 446 1954 486 1954 596 1955 770
X8 1954 936 1952 982 1952 1062 1954 1068 1966 1154
ST 8170 18 0.0 0.0 0.0 1.0

ND 1.0 1218

Xg 1960 1.0 1956 100 1954 214 1952 406 1950 506
XS 1948 514 1948 550 1950 612 1950 700 195¢ 826
Xs 1948 840 1948 979 1948 1118 1950 1124 1956 1138
X3 1956 1180 1958 1212 1960 1218

ST 7350 16 0.0 0.0 0.0 1.0

ND 1.0 1460

Xs 1960 1.0 1950 116 1948 150 1946 164 1944 180
XS 1944 204 1944 372 1942 378 1942 490 1942 600
XS 1942 800 1942 1000 1942 1200 1942 1412 1950 1426
Xs 1960 1460

ST 6550 19 0.0 0.0 0.0 1.0

ND 1.0 1650

Xs 1850 1.0 1940 20 1938 26 1938 173 1938 320
Xs 1936 330 1934 338 1934 450 1936 566 1936 700
X5 1936 900 1936 1100 1936 1330 1938 1334 1938 1410
Xs 1938 1606 1940 1616 1942 1634 1950 1650

ST 5930 20 0.0 0.0 0.0 1.0
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ND 1.0 2024

Xs 1950 1.0 1540 26 1934 56 1932 112 1231.56 200
Xs81930.6 400 1930 51lé 1930 658 1930 800 1930 1000
Xs 193¢ 1200 1930 1400 1930 1642 1932 1648 1934 1704
X8 1936 1720 1936 1848 1938 1958 1940 2006 1950 2024
ST 5160 21 0.0 0.0 0.0 1.0

ND 1.0 1840

X8 1940 1.0 1930 10 1924 26 1922 48 1922 200
X5 1922 400 1922 560 1922 720 1922 778 1922 842

Xs 1922 1014 1922 1086 1922 1162 1922 1222 1924 1282
XS 1926 1292 1928 1402 1930 1584 1932 1658 1934 1718
Xs 1936 1840

ST 4490 18 0.0 0.0 ¢.90 1.0

ND 1.0 2288

XS 1930 1.0 1920 26 1916 32 1316 196 191e 270
Xs 1816 318 1916 534 1916 750 1918 762 1918 916
Xs 1920 976 1920 1088 1920 1200 1320 1400 1920 1600
X5 1920 1800 1920 2036 1930 2288

ST 3850 17 0.0 0.0 0.0 1.0

ND 1.0 2170

XS 1820 1.0 1910 18 1910 200 1310 343 1910 486
X51910.2 600 1910.6 800 1911 1036 1912 1048 1812 1200

Xs 1912 1381 1912 1562 1914 1698 1914.8 1828 1916 1966
Xs 1918 2074 1918.2 2170

ST 3110 17 0.0 0.0 0.0 1.0

ND 1.0 2030

Xs 1916 1.0 1910 8 1904 14 1904 200 1904 400
XS 1904 554 1906 562 1906 850 1906 985 1906 1120

Xs 1508 1196 1909 1308 1910 1420 15812 1580 1913 1713
Xs 1914 1846 1916 2030

ST 2200 20 0.0 0.0 0.0 1.0

ND 1.0 1996

Xs 1908 1.0 1900 30 1898 36 1896 40 1896 200
X5 1896 400 1896 600 1896 768 1898 772 1898 900

XS 1898 1026 1900 1038 1900 1068 1960 1144 1902 1270
Xs 1903 1417 1904 1564 1905 1671 1906 1778 1908 1996

ST 1520 17 0.0 0.0 0.0 1.0

ND 1.0 2184

X8 1900 1.0 1890 14 1890 200 1830 400 1890 600
XS 1890 752 1892 768 1882 200 1882 1072 1894 1126

Xs 1894 1300 1894 1468 1894 1556 1894.5 1744 1886 1830
Xs 1898 2028 1900 2184

ST 500 18 0.0 0.0 0.0 1.0

ND 1.0 2044

XS 1894 1.0 1890 18 1884 34 1882 108 1882 200
Xs 1882 400 1882 600 1882 800 1882 978 1884 990

XS 1884 1100 1884 1316 1886 1364 1886 1560 1888 1666
XS5 1890 1846 1892 1952 1894 2044

8T 1.0 17 1.0 1.0 0.0 1.0

ND 1.0 2226

X5 1830 1.0 1880 8 1878 14 1878 100 1878 300
Xs 1878 500 1878 700 1878 900 1878 928 1880 942

Xs 1880 1150 1880 1384 1882 1458 1884 1626 1886 1626.1
X5 1888 2062 1890 2226

RE MANNING

RH .050 .050 .050 .05¢0 .050 .050 .050 .050 .030 .050
RH .050 .050 .050 .050 .050 .050 .032 .032 .032 .032
RH .050 .050

RH .050 .050 .050 .050 .050 .050 .050 .050 .050 .050
RH .050 .050 .032 .032 .032 .032 .050 .050

RH .050 .050 .050 .050 .050 .050 .050 .032 .032 .032
RH .032 .032 .032 .032 .032 .032 .050 .050 .050

RH .050 .050 .050 .050 .032 .032 .032 .032 .032 .032
RH .032 .032 .032 .032 .032 .050 .050 .050 .050 .050
RH .0%0 .050 .050

RH .050 .050 .050 .032 .032 .032 .032 .032 .032 .032
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RH .032 .032 .032 .032 .050 .050 .050 ,050 .050 .050
RH .050 .050

RH .050 .050 .050 .032 .032 .032 032 .032 .032 .032
RH .032 .032 .032 .032 .050 .050 .050 ,050 .050 .050
RH .050 . 050 .050

RH .050 . 050 . 032 .032 .032 .050 .050 .050 .050 .050
RH .050 .050 .050 . 050 .080 .050 .050

RH .050 .050 .050 L0580 .050 .032 .032 .032 .032 .032
RH .050 .050 .050 . 050 .050 .050 .050 .050 .050 .050
RH .050 .050 .050 .050 .050

RH .050 .050 .050 .032 .032 .032 .032 .032 .032 .032
RH .032 .032 .050 .050 .050 .050 .050 .050

RH .050 . 050 .032 .032 .032 .032 .032 .032 .032 .032
RH .032 .032 .050 . 050 . 050

RH .050 Q50 .050 .050 .050 .050 L0580 .050 .050 .032
RH .032 .032 .032 .032 .032 .032 .032 .032 .032 L 032
RH .032 .032 .032 .050 .050

RH .050 .050 050 .050 .032 .032 .032 .032 .032 .032
RH .032 .050 .050

RH .050 .050 .050 .050 .050 .032 .032 .032 .032 .032
RH .032 .032 .050 .050 .050 .050 .050

RH .050 .050 .032 .032 .032 .032 .032 .050 .050 . 050
RH .050 .050 .050 . 050 .050 . 050 .050

RH .050 .050 .050 .032 .032 .032 .050 .050 .050 .050
RH .050 . 050 .050 . 050 .050 .050

RH .050 . 050 .050 . 050 .050 032 .032 .032 .032 .032
RH .032 .032 .032 .050 .050 .050 . 050

RH .050 .050 .050 . 050 . 050 .050 .050 .032 .032 .032
RH ,032 .032 .032 .032 .050

RH .050 .050 .050 .050 .050 .032 .032 .032 ,032 .032
RH .032 .032 .032 . 050 .050 .050 .050 . 050

RH .050 .050 . 050 .050 .050 .050 .050 .032 .032 .032
RH .032 .032 .032 .032 .050 . .050

RH .050 .050 .050 .050 .050 .032 .032 .032 .032 .032
RH .032 .032 ,032 . 050 . 050 . 050 . 050 .050 . 050

RH .050 .050 .050 .050 . 050 .050 .032 .032 .032 .032
RH .032 .032 .032 .050 .050 .050 .050 . 050 .050 .050
RH .050 .050 .050 .032 .032 .032 .032 .032 .032 ,032
RH .032 .032 .032 .032 .050 .050 .050 .050 .050 050
RH .050

RH .050 .050 .032 .032 .032 .032 L032 .032 .050 .050
RH .050 . 050 .050 .050 . 050 .050 .050 050

RH .050 .032 .032 .032 .032 .050 .050 .050 .050 .050
RH .050 . 050 .050 .050 .050 .050 . 050

RH .050 .050 .032 .032 .032 .032 .050 . 050 .050 .050
RH .(050 . 050 .050 .050 .050 . 050 .050

RH .050 .050 .032 .032 .032 .032 .032 .032 .032 050
RH .050 . 050 .050 .050 .050 .050 .050 .050 .050 .050
RH .050 .032 . 032 .032 .032 . 032 . 050 .050 . 050 .050
RH .050 .050 .050 .050 .050 .050 .050

RH .050 .050 .032 .032 .032 .032 .032 032 .032 .032
RH .050 . 050 . 050 .050 .050 .050 .050 .050

RH .050 .032 .032 .032 .032 .032 .032 .032 .032 .032
RH .050 .050 . 050 .050 .050 .050 .050

CL 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
CL 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
CL 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

CB THALWEG

NT 3.0

IT 60.0 1.0 .004167

Q0 TABLE OF DISCHARGES

s8s STAGE DISCHARGE TABLE

L 29.0

5Q 7000 1879.40
SQ 7000 1879.40
SQ 7000 1879.40
80 7000 1879.40
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S0
5Q
5Q
5Q
50
5Q
5Q
5Q
5Q
5Q
5Q
3Q
5Q
5Q
s5Q
50
5Q
sQ
50
5Q
5Q
5Q
80
5Q
5Q
5Q
SO
5Q
5Q
50
8Q
5Q
50
50
8Q
5Q
5Q
SQ
le
5Q
50
80
5Q
5Q

5Q
SQ
50
80
SQ
5Q
50
50
sQ
SQ

S0
Q5
SE
™
SF
5G
SG
SG
SG
5G
sG

7000

7000

7000

7000

7000

7000
21000
21000
21000
21000
21000
21000
21000
21000
21000
21000
35000
35000
35000
35000
35000
35000
35000
35000
35000
35000
35000
35000
35000
35000
35000
35000
35000
35000
35000
35000
21000
21000
21000
21000
21000
21000
21000
21000
21000
21000

7000

7000

7000

7000

7000

7000

7000

7000

7000

7000

60.0
1.0
60.0

.075
.200
.500
1.00
2.00
5.00

TRANSPORT REQUESTED
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SG 10.00 30.00
SG 30.00 80.00

SD .14 .22 .16 .15 .08 .08 .08 .09
sD .14 .22 .16 .15 .08 .08 .08 .09
SD .14 .22 .16 .15 .08 .08 .08 .09
SD .14 .22 .16 .15 .08 .08 .08 .09
SD .14 .22 .16 .15 .08 .08 7 .08 .09
sh .14 .22 .16 .15 .08 .08 .08 .09
sD .14 .22 .16 .15~ .08 .08 .08 .09
sD .14 .22 .16 .15 .08 .08 .08 .09
sD .14 .22 .16 .15 .08 .08 .08 .09
SD .14 .22 .16 .15 .08 .08 .08 .09
sD .14 .22 .16 .15 .08 .08 .08 .09
SD .14 .22 .16 .15 .08 .08 .08 .09
SD .14 .22 .16 .15 .08 .08 .08 .09
SD .14 .22 .16 .15 .08 .08 .08 .09
38D .14 .22 .16 .15 .08 .08 .08 .09
SD .14 .22 .16 .15 .08 .08 .08 .09
SD .14 .22 .16 .15 .08 .08 .08 .09
SD .14 .22 .16 .15 .08 .08 .08 .09
SD .14 .22 .16 .18 .08 .08 .08 .09
SD .14 .22 .16 .15 .08 .08 .08 .09
sD .14 .22 .16 .15 .08 .08 .08 .09
SD .14 .22 .16 .15 .08 .08 .08 .09
sD .14 .22 .16 .15 .08 .08 .08 .09
sD .14 .22 .16 .15 .08 .08 .08 .09
SD .14 .22 .16 .15 .08 .08 .08 .09
SD .14 .22 .16 .15 .08 .08 .08 .09
sD .14 .22 .16 .15 .08 .08 .08 .09
SD .14 .22 .16 .15 .08 .08 .08 .09
SD .14 .22 .16 .15 .08 .08 .08 .09
PR 0.0 15.0 1.0 60.0

PV 2.0 0.0 0.0 0.0 0.0 0.0

PV 4.0 0.0 0.0 0.0 0.0 0.0

PV 11.0 0.0 0.0 0.0 0.0 g.0

PL PLOTTING IS REQUESTED

PX CHANNEL CRCSS SECTION PLOTS 15,

PW WATER SURFACE PROFILE PLOTS 1.

MN NO MINIMIZATION REQUESTED
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BRI-STARS USER'S MANUAL APPENDIX D - SIMULATION OF 15 BRIDGE SITE

APPENDIX D - BRI-STARS SIMULATION
OF CALIFORNIA I5 BRIDGE SITE

D.1

The California 15 Bridge site is located at the Los Gatos Creek study reach
downstream from |-5. Severe scouring happened in this study reach during the flood
on March 11, 1995. This study aims at estimating the contraction scour at the
California 15 bridge site during the flood by applying BRI-STARS with limited
available data. Figure 48 is the plan view of the study reach. The locations of the
eight cross sections and the high water edges measured by U.S. Geological Survey
(USGS) on March 20 and 21, 1995, are shown in this figure.

SELECTION OF SIMULATION DATA

The data needed for the numerical simulation of the study reach can be classified
into the following categories: i) channel geometry data, ii) roughness and energy
losses data, iii} hydrelogy data, and iv) sediment data.

The available channel geometry data are the channel cross sectional data measured
after the flood on March 20 and 21, 1995. There are four measured cross sections
(USGS sections nos. 9, 8, 7, and 8} at upstream of the bridge and four measured
cross sections (USGS sections nos. 3, 2, 1.5, and 1) at the downstream of the
bridge. Locations of the measured cross sections are shown in figure 48. The cross
section profiles of these measured sections are plotted in figures 49-56. It is
assumed that these cross sections represent the boundary conditions before the
flood. There are no cross sections measured at the bridge location. Two cross
sections are generated for the bridge contraction using USGS sections nes. 6 and
3 and the plan view (figure 48) of the reach. These two generated cross sections are
shown in figures 57-58.

Figure 59 is the plan view of the location of cross sections used for simuiation. in this
figure, cross sections nos. 12 and 13 are the two cross sections generated for the
bridge location; cross sections nos. 1-3 and 20-21 are propagated cross sections
extending the existing bottom slope using sections nos. 4 and 19 (USGS sections
nos. 9 and 1), respectively. Sections 5, 7-8, 10, 15, and 18 are cross sections
interpolated using the corresponding upstream and downstream measured sections.
These cross sections are also listed in table 29.

The available hydrology data is the hydrography measured at D.W.R. Station, Los
Gatos Creek at Eldorado Avenue, shown in figure 60, and the high water surface
elevation shown in figure 61. From figure 60, it can be seen that the time duration of
the flood that occurred in March 11, 1995, was about one day. The average peak
flow discharge is about 20,000 cfs (cubic feet per second) according to the
estimation of J. Sterling Jones (Federal Highway Administration). From figure 61, it
can be seen that the high water surface elevation at station no. 19 (USGS station no.
1) is about 450.5 feet. The water surface elevation at downstream control station no.
1, which is 1000 feet downstream from section 19 (USGS station no. 1), was
determined to be 448.5 feet.

There are no available roughness and energy losses data. The Manning roughness
values in the main channel of the reach are about 0.04, according to J. Sterling
Jones' estimation. The local energy loss coefficients at bridge location are calibrated
according to the high water surface shown in figure 61.
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D.2

The bed material size was determined to be 0.2-0.3 millimeters, according to J.
Sterling Jones. The inflowing sediment discharge into the study reach was
determined to be 300,000 tons per day (6,000 parts per million) through calibration.

Table 29. Measured, interpolated, and propagated cross sections.

Cross Distance along USGS Measured Interpolated or
Section No. the Channel (ft) Section Propagated Section
1 3600.0 Propagated
2 3200.0 Propagated
3 2800.0 Propagated
4 23985 SEC-9
5 2187.0 Interpolated
<] 1976.5 SEC-8
7 1740.0 Interpolated
8 1502.0 Interpolated
9 1265.5 SEC-7
10 1098.0 Interpolated
11 932.4 Interpolated
12 830.5 Interpolated
13 675.5 Interpolated
14 543.0 SEC-3
15 412.0 Interpolated
16 281.5 SEC-2
17 221.2 SEC-1.5
18 110.2 Interpolated
19 0.0 SEC-1
20 -5000.0 Propagated
21 -1000.0 Propagated
NUMERICAL SIMULATION

An input data file is generated according to the information discussed above. The
listing of this data file is given in section D.3. In the simulation, a total of 21 cross
sections, including 8 USGS measured sections, 2 bridge sections, and 11
interpolated and propagated sections, are used. The number of discretized stage-
discharge values is 144, and the time increment is 0.00694 day (10 minutes). For the
sediment routing, the Molinas and Wu formula is used to compute the sediment
transport rates. The model output is given in section D.4 and computed water
surface and bottom profiles at time steps 1, 48, 96, and 144 are plotted in figure 62.
In this figure, the variations of water surface and bottom profiles versus time are
shown.

Simulation results by BRI-STARS indicate severe scouring due to bridge contraction
for the simulated flooding event. Upstream from the bridge, sediment is deposited
at the initial phase of the flooding due to the blockage of flows by the contracted
bridge opening. This deposition is reduced with the progress of time and finally is
reverted to scouring. Maximum scour occurs at the bridge location; the maximum
simulated scour depth is about 9 feet.
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Figure 48. Plan view of the study reach at California 15 bridge.
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Figure 52. USGS measured cross section no. 6.
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Figure 54. USGS measured cross section no. 2.
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Figure 56. USGS measured cross section no. 1.
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Figure 58. Generated cross section for bridge location at 675.5 ft.
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212



BRI-STARS USER'S MANLUAL APPENDIX D - SIMULATION OF 15 BRIDGE SITE

Bridge Sections
458 - | ,»7 9

SEC9  sECs

SEC-7 T
SEC-6

450 -
—&— Right Bank =—ae=—|.eft Bank

High Water Surface Elevation, feet

448 -

446 ] T T T T
-2000 -1500 -1000 -500 0; 500 1000 1500
X Direction, feet

Figure 61. High water surface elevation measured on March 20 and 21, 1995.

—=— Beginning - +-  After 8 hrs —<— After16 hrs—e=— After 24 hrs

425 I t ¥ I

2500 2000 1500 1000 500 0
Distance along the Channel, in feet

Figure 682. Water surface and bottom prcfiles at different times

213



APPENDIX D - SIMULATION OF |5 BRIDGE SITE BRI-STARS USER'S MANUAL

D.3 LISTING OF INPUT DATA FILE (EXMPL009.DAT)

T ﬁridge Scour Example with Global Positioning and Date-Time

TT Natural Channel With Constriction and Bridge on I5 in California
T Data surveyed on March 20, 1995. Simulation by Wu and Molinas

NS 21.0

CM****************************STATION NO. 1 (2R AR R AR RS SR SRR SREREEERE )

8T3600.0 29.00 0.00 0.00 1.50 1.00

GP 1.0 6.0 4920.0 765.0 4680.0 1414.0

ND 1.0 693.03

%5460.36 0.00 458.44 76.19 455.51 131.29 455.06 166.30 458.16 214.42
Xs8456.74 232.66 455.06 234.14 453.71 254.01 452.74 257.94 453.43 265.87
Xs8454.25 301.37 455.23 302.30 455.23 317.66 452.32 318.35 450.85 378.23
XS5449.23 378.43 448.64 430.03 448.91 521.50 448.38 526.82 447.43 591.61
Xs448.17 594.93 450.34 5%7.00 450.99 597.70 448.91 633.85 451.63 640.99
X5453.48 651.65 454.95 654.61 455.41 673.05 461.57 693.03
CM‘A‘***************************STATION NO. 2 RS A SRS S S S S E RS R L EE R R R R SR ESERE R RS LS L
ST3200.0 29.00 0.00 0.00 1.00 1.00

GP 1.0 0.0 4520.0 765.0 4280.0 1414.0

ND 1.0 693.03

Xs5460.38 0.00 458.44 76.19 455.51 131.29 455.06 166.30 458.16 214.42
XS456.74 232.66 455.06 234.14 453.71 254.01 452.74 257.94 453.43 265.87
Xs454.25 301.37 455.23 302.30 455.23 317.66 452.32 318.35 450.85 378.23
X58449.23 378.43 448.64 430.03 448.91 521.50 448.38 526.82 447.43 591.61
X5448.17 594.93 450.34 597.00 450.99 597.70 448.%91 633.85 451.63 640.99
XS453.48 651.65 454.95 654.61 455.41 673.05 461.57 693.03
CM****************************STATION NO. 3 *dkkkkhdhhhhdhhbhhhddhrrrhdhhrhdddrrrrn
8T2800.0 29.00 0.00 0.00 0.50 1.00

GP 1.0 0.0 4120.90 765.0 3880.0 1414.0

ND 1.0 683.03

X38460.36 0.00 458.44 76.19 455.51 131.29 455.06 166.30 458.16 214 .42
XS456.74 232.66 455.06 234.14 453.71 254.01 452.74 257.94 453.43 2&5.87
XS454.25 301.37 455.23 302.30 455.23 317.66 452.32 318.35 450.85 378.23
X5449.23 378.43 448.64 430.03 448.91 521.50 448.38 526.82 447.43 591.61
Xs5448.17 594.93 450.34 597.00 450.99 597.70 448.91 633.85 451.63 640.99
XS5453.48 651.65 454.95 654.61 455.41 673.05 461.57 693.03

CM****************************STATION NO 4 LR SRR AR AR EE ST EEEEEE L E RN

8T2398.5 29.00 0.00 0.00 0.00 1.00

GP 1.0 0.0 3722.0 765.0 3481.0 1414.0
ND 1.0 8693.03
X8460.36 0.00 458.44 76.19 455.51 131.29 455.06 166.30 458.16 214.42

Xs5456.74 232.66 455.06 234.14 453.71 254.01 452.74 257.94 453.43 265.87
X5454.25 301.37 455.23 302.30 455.23 317.66 452,32 318.35 450.85 378.23
X8449.23 378.43 448.64 430.03 448.91 521.50 448.38 526.82 447.43 591.61
X5448.17 594.93 450.34 59%7.00 450.9% 597.70 448.91 633.85 451.63 640.99
X5453.48 651.65 454.95 654.61 455.41 673.05 461.57 693.03
CM****************************STATION NO. 5 AR A AR R AR R EEEER S EE R L EE RS EEEE R R RS BTN
ST2187.0 26.00 0.00 0.00 0.00 1.00

GP 1.0 0.0 3B1¢.0 737.0 3260.0 1357.0C

ND 1.0 6£21.50

X5458.60 0.00 456.48 48.40 455.26  96.79 453.59 145.19 454.24 193.58
Xs8450.90 216.72 450.59 239.87 449.50 263,01 448.35 286.16 447.79 309.30
X5447.77 332.44 447.60 355.59 448.02 378.73 447.57 401.88 447.36 425.02
X5447.16 448,16 448.80 471.31 448.23 494.45 451.13 517.60 455.03 540.74
¥8458.51 563.88 458,79 575.41 458.96 586.93 459.27 598.45 458.94 609.98
XS8458.61 621.50

CM********ir-k******************STATION NO. 6 Ahkhkkhkhkhhkhhdhkhhkdhkkhdkhhkdkhkhkrkhkhkhbhhbkddk
ST1876.5 28.00 0.00 0.00 0.00 1.00

GP 1.0 0.0 3298.0 708.0 3038.0 1300.0

ND 1.0 646.8%6

X5459.98 0.00 458.90 20.83 456.76 78.97 454.10 84.39 453.56 124.84
X8453.25 166.64 451.48 168.08 450.06 174.65 449.57 231.54 449.33 256.32
X5447.04 258.84 446.75 318.05 445.89 338.89 447.28 340.41 447.09 356.11
X5446.83 358.37 446.71 397.03 446.62 431.89 446.95 468.11 449.83 466.92
X8449.69 499.16 454.60 505.05 455.47 531.90 456.22 562.82 455.04 564.89
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X5455.79 576.01 457.52 581.75 455.67 646.86
CM****************************STATION NO. AR AR AL L LML EREELELELELELELEEERLSS
8T1740.0 26.00 0.00 0.00 0.00 1.00

GP 1.0 0.0 3074.0 529.0 2826.0 1570.0

ND 1.0 1017.84

XS5457.76 0.00 455.17 59.79 452.90 119.57 452.59 179.35 452.93 239.14
XS448.07 263.56 448.06 287.98 448.00 312.40 446.94 336.82 446.22 361.25
Xs5446.03 385.67 445.70 410.09 446.19 434.51 445.97 458.93 445.95 483.35
X5447.24 507.78 447.67 532.20 448.22 556.62 450.41 581.04 453.93 605.46
XS460.00 629.88 460.00 707.48 460.00 785,07 460.00 862.66 460.00 940.25
Xs460.00 1017.84

CM****************************STATION NO. 8 EEEEE SRS RS SR NESEERERESEEESESEEESE RS S
ST1502.0 26.00 0.00 0.00 0.00 1.00

GP 1.0 0.0 2850.0 350.0 2614.0 1840.0

ND 1.0 1424.70

X58457.08 0.00 453.12 86.40 451.91 172.81 451.68 259.22 452.62 345.62
X5446.09 371.65 446.11 397.67 446.10 423.70 446.03 449.72 445.4% 475.75
XS445.23 501.77 444.99 527.79 445.20 553.82 445.14 579.84 445.18 605.87
XS447.84 631.8% 448.65 657.92 449.54 683.94 451.07 709.97 453.12 735.99
X8460.00 762.02 460.00 894.55 460.00 1027.09 460.00 1159.63 460.00 12%2.16
X5460.00 1424.70

CM*****i—**********************STATION NO‘ 9 khhkhhhkhhkhkhhkhkhkhhhkhkhhkhhhhhhkhkhkhhhhddk
5T1265.5 24.00 0.00 0.00 0.00 1.00

GP 1.0 0.0 2627.0 170.0 2402.0 2110.0

ND 1.0 1941.87

X3466.63 0.00 459.80 22.78 453.10 200.392 451.08 220.07 450.75 469.36
X5452.30 564.31 444.30 567.36 444.10 579.28 444.24 658.73 445.24 665.50
Xs5444.33 737.99 444.22 787.13 444.44 845.41 447.50 846.77 449.86 901.35
X5451.39 935.06 460.00 1006.19 460.00 1020.13 460.00 1038.37 460.00 1063.79
Xs460.00 1172.91 460.00 1850.97 460.00 1855.57 460.00 1941.87
CM****************************STATION NO. 10 **xFkaxxddhhhhhdhhhrhdhhrdohrdrdhdrs
ST1098.0 26.00 0.00 0.00 0.00 1.00

GP 1.0 0.0 2430.0 437.0 2301.0 2241.0

ND 1.0 1748.18

X5458.51 0.00 455.88 56.09 455.79 112.18 455.72 168.28 456.47 224.37
X5451.07 251.56 449.76 278.76 443.66 305.95 444.09 333.15 443.89 360.35
Xs8443.70 387.54 443.61 414.74 443.55 441.93 443.44 469.13 443.29 456.32
Xs5445.16 523.52 445.64 550.71 446.14 577.91 446.60 605.11 447.21 632.30
Xs5460.00 659.50 460.00 877.23 460.00 1054.97 460.00 1312.71 460.00 1530.44
XS460.00 1748.18

OMr*kkddkkddkhkhhdhhahhhkddkkdkdk* I IPAMTON NO., 11 *F* 5 ddxdrkhdhhhhhhhhrhdhhhhhhdhhdhds
ST 932.5 18.00 g.00 0.00 0.00 1.00

GP 1.0 0.0 2234.0 704.0 2200.0 2372.0

ND 1.0 296.32

X5460.860 0.00 454.02 66.18 449.93 73.01 443.12 81.28 442.88 175.70
X8442.15 269.94 441.32 365.87 442.10 401.22 444.46 416.66 445.87 417.84
X5446.27 425.57 460.00 428.46 460.00 588.42 460.00 734.79 460.00 960.15
X5460.00 1117.07 460.00 1531.42 460.00 1668.32
CM****************************STATION NO. 12 hhkkhkhkhkhhkhkkhkhkdrdhhkhbhdhkrkrdhhkhdhkhhdkdkk
ST 830.5 18.00 0.00 0.00 0.00 1.00

GP 1.0 0.0 2140.0 800.0 2140.0 1400.0

ND 1.0 600.00

X8460.00 0.00 460.00 214.50 441.50 215.00 441.50 220.00 441.50 230.00
X5441.50 240.00 441.50 250.00 441.50 260.00 441.50 270.00 441.50 280.00
X5441.50 230.00 441.50 300.00 441.50 310.00 441.50 320.00 441.50 330.00
XS8441.50 339.50 460.00 340.00 460.00 600.00
CM****************************STATION NO. 13 LA AR R AR RS LSRR LR EE S
ST 675.5 18.00 0.00 0.00 0.60 1.00

GP 1.0 0.0 1950.0 800.0 1950.0 1400.0

ND 1.0 600.00

X5460.00 0.00 460.00 214.50 441.00 215.00 441.00 220.00 441.00 230.00
X5441.00 240.00 441.00 250.00 441.00 260.00 441.00 270.00 441.00 280.00
¥8441.00 290.00 441.00 300.00 441.00 310.00 441.00 320.00 441.00 330.00
X5441.00 339.50 460.00 340.00 460.00 600.00
CM**********************i—*****STATION NO., 14 #*dkkrxhihkhkhhhhhhhhhhhhhhhhhhrdkdrd
ST 543.0 20.00 0.00 0.00 0.00 1.00

GP 1.0 0.0 1872.0 884.0 1798.0 1245.0
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ND 1.0 502.00

X8459.27 0.00 453.83 48.00 450.66 89.08 441.87 90.57 440.90 105.20
X5440.78 127.89 440.83 167.85 441.36 185.85 440.74 186.94 440.84 213.97
XS440.56 216.29 440.26 225.84 440.40 231.14 439.53 244.05 442.96 246.43
Xs448.19 271.12 450.98 299.24 451.44 353.45 453.76 369.88 456.47 502.00
CM****************************STATION NO. 15 hhkhkhhkdrhkhkkh kA b rhr vk hdrkdhkdrhhdhrhhdhi
ST 412.0 26.00 0.00 0.00 0.00 1.00

GP 1.0 0.0 1736.0 917.0 1654.0 1232.0

ND 1.0 414.77

Xs453.27 0.00 451.89 20.83 451.40 41.66 450.16 62.48 443.72 83.31
X5442.03 95.39 440.54 115.48 440.61 131.56 440.59 147.64 440.75 163.72
¥X8440.43 179.81 440.38 195.89 440.06 211.97 440.05 228.06 442.49 244.14
X8444.76 260.22 446.28 276.31 449.62 292.39 449.94 308.47 450.26 324.55
X5454.62 340.64 455.91 355.46 456.21 370.29 456.52 385.12 456.82 399.94
XS457.13 414.77

CM****************************STATION NO. 16 LEE AR E R RS R AT R R E LSS E RS LR RS LR S
sT 281.5 22.00 0.00 0.00 0.00 1.60

GP 1.0 0.0 1600.0 950.0 1510.0 1220.0

ND 1.0 369.44

X38456.42 0.00 452.07 14.03 445.71 18.10 449.29 41.41 450.15 61.50
X5448.82 93.84 446.52 103.07 445.58 106.33 444.13 112.16 443.12 120.68
%8440.00 121.85 440.42 142.28 440.40 162.15 440.17 193.58 439.77 236.52
¥8438.91 277.72 440.64 284.17 441.35 290.13 442,60 305,53 447.89 309.67
X5449.25 353.81 457.78 369.44

CM****************************STATION NO’ 17 khkkkhkhkhhkkhhkhkhkikhhhrhhkhkhkhkhhkkhhhhkithihk
ST 221.2 17.00 0.00 0.00 0.00 1.00

GP 1.0 0.0 1572.0 842.0 1440.0 1220.0

ND 1.0 397.69

XS5457.54 0.00 449.32 18.10 448.62 70.10 446.27 84.92 444.85 86.40
X5442.63 92.64 439.24 93.50 43%.32 115.01 439%9.55 116.40 435.85 200.43
Xs5439.33 228.23 441.34 240.13 443.48 275.61 447.20 288.01 449.72 319.55
X5448.97 351.06 463.40 397.69

CM****************************STATION NO. 18 LA A A A AR TR SRR EE RS AR LRSS RS ZS
ST 110.2 26.00 0.00 0.00 0.00 1.00

GP 1.0 0.0 1459.0 835.0 1349.0 1140.0

ND 1.0 309.04

Xs8448.72 0.00 448.72 13.51 448.08 27.02 446.58 40.53 442.54 54.04
X5438.98 66.18 438.95 78.32 439.02 90.47 438.98 102.61 438.94 114.75
X5438.98 126.90 439.20 139.04 439.48 151.18 439.70 163.32 440.44 175.47
X5441.27 187.61 441.72 199.75 442.51 211.90 444.96 224.04 445.29 236.18
X8445.29 248.33 444.71 260.47 445.07 272.61 448,29 284.75 453.60 296.90
X5459.97 309.04

CM****'A'****i’******************STATION NO. 19 hkhkhkhkhkhkhhkhkkhkhkhkkhhkhkhkhkbhkddhhddhkkkhk
sT 0.0 13.00 0.00 0.00 0.00 1.00

GP 1.0 0.0 1345.0 828.0 1258.0 1060.0

ND 1.0 247.96

X8446.74 0.00 448.43 19.13 446.34 39.50 441.32 41.59 438.84 50.31
X3438.08 103.66 438.76 119.99 440.70 145.65 440.67 178.55 442,53 182.58
XsS439.75 215.37 443.07 232.31 456.56 247.96
CM****************************STATION No. 20 EEEE RS EES SR RS S S EE RS EE LS A EREEL EL SRS S
ST-500.0 13.00 0.00 0.00 -1.00 1.00

GP 1.0 0.0 850.0 828.0 758.0 1060.0

NDb 1.0 247.96

Xs446.74 0.00 448.43 19.13 446.34 39.50 441.32 41.59 438.84 50.31
¥S438.09 103.66 438.76 119.89 440.70 145.65 440.67 178.55 442.53 182.58
X8439.75 215.37 443,07 232.31 456.56 247.96
CM****************************STATION NO. 21 EE R RS SRS S EEREEESERE SRR SR ERERREEESESS
ST-1000. 13.00 1.00 1.00 -2.00 1.00

GP 1.0 0.0 345.0 828.0 258.0 1060.0

ND 1.0 247.9%96

X5446.74 0.00 448.43 19.13 446.34 39.50 441.32 41.59 438.84 50.31
XS438.09 103.66 438.76 119.99 440.70 145.65 440.67 178.55 442.53 182.58
X8439.75 215.37 443.07 232.31 456.56 247.96

CM************************* ROUGHNESS DATA hhkkkdhkhkhkhkhkhhhkhkhhkhhhhhhhhrhkhhhhhdrhrhhdk
RE MANNING

CM****************************STATION NO‘ l (E AR A AR EE RS EE RS EREE LSRR S LLEE TR

RHO.0600 0.0600 0.0600 0.0600 0.0600 0.0600 0.0600 0.0600 0.0600 0.0600
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RHO.0600 0.0600 0.0400 0.0400 0.0400
RHO.0400 0.0400 0.0400 0.0400 0.0400
CM****************************STATION NO.
RH0.0600 0.0600 0.0600 0.0600 0.0600
RHO.0600 0.0600 0.0400 0.0400 0.0400
RHO.040C 0.0400 0.0400 0.0400 0.0400

CMA*hdkhkkkhrhdrkhkhkkhdhkdhkkkx kN SGPATTON NO.

RHO.0600 0.0600 0.0600 0.0600 0.0600
RHO.0600 0.0600 0.0400 0.04G0 0.0400
RH0.0400 0.0400 0.0400 0.0400 0.0400
CM********ﬁ******i************STATION NO-
RHO.0600 0.0600 0.0600 0.0600 0.0600
RHO.0600 0.0600 0.0400 0.0400 0.0400
RHO.0400 0.0400 0.0400 0.0400 0.0400

CM* xRk khkkhRXRKRXXAK KK * R * X *SPATTON NO.

RH0.0600 0.0550
RHO0.0400 0.0400

0.0500
0.0400

0.0500 0.0400
0.0400 0.0400

RH0O.0600 0.0600 0.0600 0.0600 0.0600
CM*********k******************STATION NO_
RHO.0600 0.0500 0.0400 0.0400 0.0400
RHO.0400 0.0400 0.0400 0.0400 0.0400
RHO.0400 0.0600 0.0600 0.0600 0.0600
CM****************************STATION NO.
RHO.0600 0.0400 0.0400 0.0400 0.0400
RHO.0400 ©.0400 0.0400 0.0400 0.0400
RHO.0600 0.0600 0.0600 0.0600 0.0600
CM***************************iSTATION NO.
RHO.0600 0.0400 0.0400 0.0400 0.0400
RHO.0400 0.0400 0.0400 0.0400 0.0400
RHO.0600 0.0600 0.0600 0.0600 0.0600

CM****************************STATION NO.

RHO.0600 0.0600 0.0450 0.0400 0.0400
RHO.0400 0.0400 0.0400 0.0400 0.0400
RHO.0600 ©.0600 0.0600 0.0600

CM****************************STATION NO.
RH0.0600 ©.0600 0.0600 0.060C 0.0500
RHO.0400 ©.0400 0.0400 0.0400 0.0400
RHO.0600 0.0600 ©0.0600 0.0600 0.0600
CM****************************STATION NO.
RHO.0600 0.0600 0.0564 0.0520 0.0400
RHO.0400 0.0600 0.0600 0.0600 0.0600
CM****************************STATION NO.
RHC.0600 0.0600 0.0400 0.0400 0.0400
RHO.0400 0.0400 0.0400 0.0400 0.0400
CM****************************STATION NO.
RHO.0600 0.0600 0.0400 0.0400 0.0400
RHO0.0400 0.0400 0.0400 0.0400 0.0400

CM***i*i**********************STATION NO.

RHO.0600 0.0600 0.0400
RHO.0400 0.0400 0.0400

0.0400 0.0400
0.0400 0.0400

CM****************************STATION NO.

RHO.0600 0.0600 0.0600 0.0480 0.0400
RHO.0400 0.0400 0.0400 0.0400 0.0400
RHO.0600 0.0600 0.0600 0.0600 0.0600
CM*************i**************STATION NO.
RHO.0600 0.0600 0.0600 ©0.0600 0.0600
RH(.040C 0.040C 0.0400 0.0400 0.0400
RHO.0600 0.0600

CM****************************STATION NO.

RHO.0600 0.0600 0.0400 0.0400 0.0400
RHO.0400 0.0400 0.0400 0.0400 0.0600
CM****************************STATION NO.
RHO.0600 0.0600 0.05%0 0.0510 0.0500
RH0.0400 0.0400 0.0400 ©£.0400 0.0400
RHO.0400 0.0500 0.0500 0.0500 ©0.0500

CM****************************STATION NO.

RHO.0600 0.0600 0.0400 0.0400 0.0400

ODOWOOOVWOOLNIOOCORARODOCOUNOOOCRODOOWOOONOO

[

- - P =
OCCMOOOUOOROCOWOONOOROGOOO

put

=

.0400 0.0400

.0400 0.0400 0.0400 0.0400 0.0400

.0400 0.0600 0.0600 0.0600
Ak k Rk kkkhdkkkkhkkkkkkh ko kkkkhkhkdokk
L0600 0.0600 0.0600 0.0600 0.0600
.0400 0.0400 0.0400 0.0400 0.0400
.0408 0.0600 0.06C0 (0.0600
R Y LI IS
L0600 0.0600 0.0600 0.0600 0.0600
,0400 0.0400 0.0400 0.0400 0.0400
.0400 0.0600 0.0600 0©.0600
KAKKRK KK R A I AR I ARAKRRRK AR AR IR AR A Ak A h
.0600 0.0600 0.0600 0.0600 0.0600
L0400 0.0400 0.0400 0.0400 0.0400
.0400 0.0600 0.0600 0.0600

dhkkdkkdkhkkkdkhk b ik kddkkdkdkodkkkdkdkkkdohkdkhkhkhkh®

.0400 0.0400 0.0400 0.0400 0.0400
.0400 0.0400 0.0400 0.0480 0.0600
.0600
KEERRAEREAITAAAARRA AR AR R AR AR R AN A *h
.0400 0.0400 0.0400 0.0400 0.0400
.0400 0.0400 0.0400 0.0400 0.0400
L0600 0.0600 0.0600

AR A R AR R AR R R SRR EARERERE RS ERLEEE]

.0400 0.0400 0.0400 0.0400 0.0400
.0400 0.0400 0.0400 0.0420 0.0530
L0600

Ak kKRR KRR A ARk A AR N A ARk hkhhhkk ok &k hk ok & &k
.0400 0.0400 0.0400 0.0400 0.0400
L0400 0.0400 0.0400 0.0410 0.0470
. 0600

ek ok ok KRk K Kk ok K ok ok ok k ok ok Kk ok kK ok ok ok ke k ok K
.0400 0.0400 0.0400 0.0400 0.0400
.0400 0.0600 0.0600 0.0600 0.0600

EE R R S E LR SRR EEEEEE LR E R L XS E LR EE LR X T

L0500 0.0450 0.0400 0.0400 0.0400
.0400 0.0400 0.0400 0.0400 0.0400
.0600

HRk Rk K KR AR AR R KRNI I IR RN AR Ak h k&
.0400 0.0400 0.0400 0.0400 0.0400
.0600 0.0600 0.0600

KA R Rk ARk Rk R AR R R AR RN AR AR AR R KAk ki kw
.0400 0.0400 0.0400 0.0400 0.0400
.0350 0.0600 0.0600

LR E R R EESESEREES SR SRS EELEERESEESE 2]

.0400 0.0400 0.0400 0.0400 0.0400
.0400 0.0600 0.0600
e R R LR R T T R
.0400 0.0400 0.0400 0.0400 0.0400
.0400 0.0400 0.0600 0.0600 0.0600
R I R LTI I
.0400 0.0400 0.0400 0.0400 0.0400
.0400 0.046C 0.0500 0.0500 0.0500
L0600

R R R T R S R R E
.0400 0.0400 0.0400 0.0400 0.0400
.0400 0.0400 0.0400 0.0400 0.0600
KEhkhkhkhhkhk ok hhkhh ko kokh kK kk &k ok kK
.0400 0.0400 0.0400 0.0400 0.0400
.0600 0.0600

(R AR AL SR A EETEEESSEEESELERESEEEELS S LEEEXE
.0400 0.0400 0.0400 0.0400 0.0400
.0400 0.0400 0.0400 0.0400 0.0420
.0600

AR S AR E RS SR L EREEEREEEREEE SR LERLRET]

0.0400 0.04060 0.0400
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RHO.0600 0.0600 0.0600

CMA R A hdhhhhhk R Tk kR AR KRR R R IR Nk k SPATTON NO.2( *hhdkh b bk ke he sk ke hk R Rk kR Rk kX R R XK AR KK
RHO.0600 0.0600 0.0400 0.0400 0.0400 0.0400 ($.0400 0.0400 0.0400 ©.0400
RHO0.0400 0.0400 0.0600

CM* AR FRIK IR KRR IR IRERKRE R KK RNGPATTION NO, 2L H AR AR AR A AR AR KR I AR RRAR KRR RRRR AR IR AR KK
RHO.0600 0.0600 0.0400 0.0400 0.0400 0.0400 0.0400 0.0400 0.0400 0.0400
RHO0.0400 0.0400 0.0600

CM** %k kR XKKK KK KKKAKRKRRRNAA® CORFFICIENTS OF LOSSES * S A x kX ke kR hhh ek ke kX h kxR %Kk 5k
CL 0.00 0.00 0.00 0.00 0.0C 0.00 0.00 0.00 0.00 0.00
CL. 0.00 0.30 0.30 0.3¢0 0.00 0.00 0.00 0.00 0.00 0.00
CcL 0.00

CB THALWEG

NT 3.0

IT 144.0 1.0 0.00694

QG TABLE OF DISCHARGES
S5 STAGE DISCHARGE TAELE
TL 21.0

CM************************* DISCHARGE“STAGE DATA PAIRS dekkhkdehkdkddedhkhk gtk ok kg okokhw
SQ 5000 444.000
SQ 5000 444.240
SO 5000 444.480
SQ 5000 444.720
SQ 5000 444.960
SQ 10000 445.200
SQ 10000 446.500
SQ 10000 446.500
SQ 10000 446.500
sSQ 10000 446.500
SQ 20000 448.500
SQ 20000 448.500
SQ 20000 448.500
SQ 20000 448.500
SQ 20000 448.500
SQ 20000 448.50¢0
SQ 20000 448.500
SO 20000 448.500
50 20000 448.500
SQ 20000 448.500
SQ 20000 448.500
SQ 20000 448.500
S50 20000 448.3500
SQ 20000 448.500
SQ 20000 448.500
S5Q 20000 448.500
50 20000 448.500
SQ 20000 448.500
SQ 20000 448.500
SQ 20000 448.5%00
SQ 20000 448.500
SQ 20000 448.500
S¢ 20000 448.500
SO 20000 448.500
SC 20000 448.500
SO 20000 448.500
5Q 20000 448.500
SQ 20000 448.500
SQ 20000 448.500
SQ 20000 448.500
5Q 20000 448.500
SO 20000 448.500
SQ 20000 448.500
SQ 20000 448.500
SQ 20000 448.500
80 20000 448.500
SO 20000 448.500
SQ 20000 448.500
SQ 20000 448.500
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5Q
5Q
5Q
5Q
8Q
5Q
5Q
50
8Q
8Q
SQ
5Q
8Q
3Q
5Q
SQ
5Q
5Q
SQ
5Q
SQ
5Q
5Q
8Q
80
5Q
5Q
8Q
5Q
5Q
50
50
5Q
5Q
50
5Q
5Q
S0
80
5Q
5Q
80
SQ
5Q
S0
8Q
5Q
80
5Q
50
SQ
SQ
5Q
5Q
50
8Q
5Q
5Q
8Q
5Q
5Q
50
50
5Q
5Q
8Q
50

20000
20000
20000
20000
20000
20000
20000
20000
20000
20000
20000
20000
20000
20000
20000
20000
20000
20000
20000
20000
20000
20000
20000
20000
20000
20000
20000
20000
20000
20000
20000
20000
20000
20000
20000
20000
20000
20000
20000
20000
20000
20000
20000
20000
20000
20000
20000
20000
20000
20000
20000
20000
20000
20000
20000
20000
20000
20000
20000
20000
20000
20000
20000
20000
20000
20000
20000

448.
448.
448.
448.
448.
448.
448.
448.
448.
448.
448.
448.
448.
448.
448,

448

448.
448.
448,
448.
448.
448.
448,
448.
448.
448.
448.
448.
448.
448,
448.
448,
448.
448.
448.
.500
448,
448.
448,
448.
448,
448.
448,
448.
448.
448.
448,
448.
448.
448,

448

448

448

448.
448.
448,
448.
448.
448.
448,
448.

500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500

500
500
500
500
500
500
500
500
500
500
500

500
500
500
500
500
500
500
500
500
500
500
500
500
500

.500
448.
448.
448.
448,
448.
448.
448.

500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
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SQ 20000 448.500
SO 20000 448.500
SQ 20000 448.500
SQ 20000 448.500
SQ 20000 448.500
5Q 20000 448.500
SQ 20000 448.500
SO 20000 448.500
SQ 20000 448.500
SQ 20000 448.500
SQ 20000 448.500
S0 20000 448.500
SQ 20000 448.500
SQ 20000 448.500
SQ 20000 448.500
SQ 20000 448.500
SQ 20000 448.500
S0 20000 448.500
SQ 10000 446.500
50 10000 446.500
SQ 10000 446.500
SQ 10000 446.500
SQ 10000 446.500
SO 5000 444.500
SQ 5000 444.500
SQ 5000 444.500
5Q 5000 444.500
SQ 5000 444.500
CM***************************** SEDIMENT ROUTING DATA LT EEE RIS ESE R RS E S S & X
S0 SEDIMENT TRANSPORT IS REQUESTED
QS 144.0 50000.0
SE 1.0 4.00
T™ 144.0 55.00
SF 4.0

SG 0.200 0.300
SG 0.300  4.000
sG 4.00 6.0
8¢  6.00 10.0

sD 1.000 0.000 0.000 0.000
sD 0.000 0.000 0.000 1.000
sp 0.000 0.000 0.000 1.000
S0 1.000
sD 1.000
SD 1.600
sSD 1.000
8D 1.000
SD 1.000
SD 1.000
sD 1.000
sD 1.000
SD 1.000
SD 1.000
SD 1.000
sD 1.000
sD 1.000
SD 1.000
SD 1.000
SD 1.000
SD 1.000

CM***************k*********** PRINTOUT AND PLOTTING DATA EE R RS TR R LR RS LR LS RS ST
PR 0.0 48.0 1.0 144.0

pv 12.0 0.0 0.0 000.0 000.0 0.0 1.0 21.0 1.0 16.0
PV 13.0 0.0 0.0 000.0 000.0 0.0 1.0 21.0 1.0 16.0
PV 14.0 0.0 0.0 ¢00.0 000.0 0.0 l.0 21.0 1.0 16.0
PL PLOTTING IS REQUESTED

PX CHANNEL CROSS SECTICN PLOTS 24.0 1.0 144.0

PW WATER SURFACE PROFILE PLOTS 1.0 1.0 144.0
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MN NO MINIMIZATION IS REQUESTED

D.4 LISTING OF OUTPUT DATA FILE (EXMPL009.0UT)

Sample of the level “0" output generated at a frequency of 48 time steps is given below:

AXEAET XA AT A AT A A Ak kb drr bbb hkhhkbhhrbhbdkhbhkhkdbhddhhbhhbbrkhkbhhkhkbdhbhhkr kA hdh b ddr kR kk

Bridge Scour Example with Global Positioning and Date-Time
Natural Channel wWith Constriction and Bridge on IS5 in California
Data surveyed on March 20, 1995. Simulation by Wu and Molinas
Run at 16:19:55.7¢6
Date 07/22/1998

R R R R R A S A R R R R LR S R LR AL S R AR AL E SR LR LIS RS AR E SRS R AR SR SR SRS

dhkkdkkhkhkkhkhdhhkkdkddkhkdbdrdbhrkdrhbdhkrdhhkkhbddhhkhkkhkdrbdhkkhhdhk

* BRI-STARS VER 5.03 OQUTPUT *

khdhhhhhhhhkdhdhhhhhhdhrhhhhrnhhhhknhhkbrdhkhrrahhbhrwhrn

TIME STEP NO : 48
SIMULATION DATE : 01/01/00
SIMULATION TIME : 07:59:41
DISCHARGE (CFsS) : 20000.00
TIME INCR. (DAYS): .0069

LA AR SR EAL LRSS R A LSS LSRR LR EESREESEEERE]

* RESULTS OF BACKWATER COMPUTATIONS *
* DISCHARGE = 20000.00 C.F.S. *

AR RS LR AR RS R R LIS R RS AR EREEE LR TR SRS

STA STATION BOTTOM  WATER SURF. FLOW AVERAGE ENER. GRADE FROUDE
NO. (FT) ELEVATN ELEVATION AREA VELOCITY ELEVATION  NUMBER
IEEE AR RS S EEEES RS EREER RS R RSt ESE Rttt Rttt RSl Rl S EREREEEEEES RS
1 3600.0 448.93 459.56 3533.8 5.66 460.188 .46
2 3200.0 448.34 458.87 3494.1 5.72 459.513 .46
3 2800.0 447.76 458,06 3287.3 6.08 458.767 .50
4 2398.5 447.01 457.20 3198.3 6.25 457.946 .51
5 2187.0 447.08 456.69 3039.0 6.58 457.479 .52
6 1976.5 446.08 456.24 3056.9 6.54 457.020 .52
7 1740.0 446.36 455.75 3108.4 6.43 456.495 .52
8 1502.0 445.54 455.41 3688.4 5.42 455.965 .46
9 1265.5 444 .57 455,24 4622.3 4.33 455.598 .36
10 10688.0 442.95 455.03 4037.8 4.95 455.438 .32
11 932.5 441.85 454.89 3933.7 5.08 455,307 .28
12 830.5 436.72 453,13 2045.8 9.78 454,631 .43
13 675.5 436.32 452.24 1962.6 10.19 453.858 .45
i4 543.0 436.96 452.22 2808.1 7.12 453.157 .45
i5 412.0 437.10 452.01 2794.2 7.16 452.965 .47
16 2B81.5 437.00 451.78 2784.1 7.18 452.759 .49
17 221.2 438.07 451.67 2762.7 7.24 452.656 .50
18 110.2 436.45 451,29 2579.8 7.75 452,436 .51
19 .0 435.62 450.85 2414.7 ‘8.28 452.185 .52
20 -500.0 437.20 449.77 2332.2 8.58 451.013 .51
21 ~1000.0 435.48 448.50 2292.2 8.73 449,803 .52
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R S S S SR SRR AR RS LR EERSREEEREEESESERSEEEEEEREEE S EEESEEEES]

* SEDIMENT ROUTING RESULTS FOR STREAM TUBE NO. 1 *
L R e s X e T R T T XY

STA TOT. LOAD CHANGE DIRECTN. SEDIMENT LOAD FOR SIZE FRACTIONS (CU.FT)

NO. { TONS ) {(FT) OF CHANGE 1 2 3 4
AR R R RS SESEEE R LR EEEREEESRSERERRYEEEERRAE RS RS R RERARERRRERRRERE AR R R SR R X

1 115.7 .00 DEPTH 1398. 0. 0. 0.
2 135.1 .00 DEPTH 1398. 0. 0. 235,
3 143.2 .00 DEPTH 1398. 0. 0. 333.
4 205.8 -.01 DEPTH 2212. 0. 0. 277.
5 23%.2 -.01 DEPTH 2650, 0. 0. 242,
6 206.4 .01 DEPTH 2385. 0. 0. 111.
7 224.9 -.01 DEPTH 2648. 0. 0. 71.
8 140.8 .02 DEPTH 1694. 0. 0. 8.
9 77.3 .02 DEPTH 934, 0. 0. 0.
10 111.7 ~.02 DEPTH 1350, 0. 0. 0.
11 66.9 .05 DEPTH 809. 0. 0. 0.
12 120.4 -.10 DEPTH 1455. 0. 0. 0.
13 170.3 -.10 DEPTH 2058. 0. 0. 0.
14 178.4 -,01 DEPTH 2157, 0. 0. 0.
15 196.4 -.02 DEPTH 2374. 0. 0. 0.
16 199.7 .00 DEPTH 2415. C. 0. 0.
17 214 .4 -.02 DEPTH 2592. 0. 0. Q.
i8 229.7 -.02 DEPTH 2777. 0. 0. 0.
19 273.0 ~-.03 DEPTH 3300. 0. 0. 0.
20 285.8 -.01 DEPTH 3455. 0. 0. 0.
21 302.1 -.01 DEPTH 3653. 0. 0. 0.
LERES AR RS EREEEEE SR EEEE LR LS R LR R R R R R T O e Y R )
* SEDIMENT ROUTING RESULTS FOR STREAM TUBE NO. 2 *
RS R R SRS SRS E R SRS S SR E R SR R E R R R R LR RS R Y
STA TOT. LOAD CHANGE DIRECTN. SEDIMENT LOAD FOR SIZE FRACTIONS (CU.FT)
NO. { TONS ) (FT}) OF CHANGE 1 2 3 4

KRR KK KA AR AN KRR AR KRR R R AR AR RAAARA AR AAT IR AR R AR R AR A T kA v dhkk ko hhkhkhhkhkhkdkkhkdhkk ki

1 115.7 .00 DEPTH 1398. 0. 0. 0.
2 142.4 -.01 DEPTH 1398. 0. 0. 323.
3 148.0 .00 DEPTH 1398. 0. 0. 391.
4 159.3 -.01 DEPTH 1543. 0. 0. 382.
5 164.7 -.01 DEPTH 1587. 0. 0. 404,
6 167.7 .00 DEPTH le32. 0. 0. 396.
7 171.8 .00 DEPTH 1684. 0. 0. 393.
8 181.8 -.01 DEPTH 1991. 0. 0. 208.
9 94.3 .07 DEPTH 1120. 0. 0. 20.
10 83.7 .01 DEPTH 1008. 0. 0. 4.
11 79.3 .01 DEPTH 958. 0. 0. 1.
12 114.3 -.10 DEPTH 1381. 0. 0. 1.
13 144.3 -.10 DEPTH 1744. 0. 0. 1.
14 166.0 -.07 DEPTH 2007. 0. 0. 0.
15 182.5 -.05 DEPTH 2206. 0. 0. 0.
i6 200.1 -.07 DEPTH 2418. 0. 0. 0.
17 206.3 -.03 DEPTH 2494. 0. 0. 0.
18 224.3 -.07 DEPTH 2712. 0. Q. 0.
19 280.2 -.07 DEPTH 3388. 0. 0. g.
20 282.8 .00 DEPTH 3419. 0. 0. 0.
21 299.9 -.01 DEPTH 3626. 0. Q. 0.
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R R S )
* SEDIMENT ROUTING RESULTS FOR STREAM TUBE NO. 3 *

22 RS SRS SR SR SRR R R R R R EEEEREEEREESEESEEEEEEEEE S EE RS EEEEEE S

STA TOT. LOAD CHANGE DIRECTN. SEDIMENT LOAD FOR SIZE FRACTIONS (CU.FT)
NO. ( TONS )  (FT) OF CHANGE 1 2 3 4
RS SRS LS SRS TSR R LSS S S SRR SRR R R R R RS RS ERR R ER R R R R R R SRR EERESEESEEEEEESE LS
1 115.7 .00 DEPTH 1398. 0. 0. 0.
2 138.4 -.01 DEPTH 1398. 0. 0. 274.
3 142.8 .00 DEPTH 1398. 0. 0. 340.
4 166.8 -.01 DEPTH 1689. 0. 0. 327.
5 187.9 -.01 DEPTH 1927. 0. 0. 344.
6 259.5 -.03 DEPTH 2787. 0. 0. 350.
7 209.8 .02 DEPTH 2409, 0. 0. 127.
8 152.5 .03 DEPTH 1816. 0. 0. 28.
g 88.6 .03 DEPTH 1068. 0. 0. 2.
10 67.7 .02 DEPTH 819. 0. 0. 0.
1i 71.8 -.01 DEPTH B68. 0. 0. 0.
12 119.6 -.10 DEPTH 1445. 0. 0. 0.
13 181.8 -.10 DEPTH 2197. 0. 0. 0.
14 166.6 .02 DEPTH 2015. 0. 0. 0.
15 175.2 -.01 DEPTH 2118. 0. 0. 0.
16 181.4 -.01 DEPTH 2193. 0. 0. 0.
17 193.8 -.02 DEPTH 2343, 0. 0. 0.
18 197.5 .00 DEPTH 2388, 0. 0. 0.
19 165.5 .02 DEPTH 2000. 0. 0. 0.
20 226.2 -.03 DEPTH 2735. 0. 0. 0.
21 234.8 .00 DEPTH 2838. 0. 0. 0.
AR KA I AT A AR ARAE TR A AT A A R AR AR AR AN A AT AN A A AR A R AR Ao hhh
* BRI-STARS VER 5.03 OUTPUT *
(A2 SRR SRR R LR R R EARRR SRR RRRRER LR EREREE SRS EELERE
TIME STEP NO : 96
SIMULATION DATE :  01/01/00
SIMULATION TIME : 15:59:23
DISCHARGE (CFS) :  20000.00
TIME INCR. (DAYS): .0069
AR AAFAERR AR AR Ak h Ak h kb hdhbehhhrdhkdr
* RESULTS OF BACKWATER COMPUTATIONS  *
* DISCHARGE =  20000.00 C.F.S,  *
LR R ESESEEES SRS RS ER S E RS R RS R R SRR SR SRS E
STA  STATION BOTTOM WATER SURF. FLOW  AVERAGE ENER. GRADE FROUDE
NO. (FT) ELEVATN  ELEVATION AREA  VELOCITY ELEVATION  NUMBER
LA A A AR A AR EL R AR RS ERESEREEE LR SR B R R R R R R R R R R R R T R R
1 3600.0 448.93 459.30 3379.4 5.92 459.979 .48
2 3200.0 447.97 458.63 3495.3 5.72 459.263 .46
3 2800.0 447.63 457.72 3160.6 6.33 458.484 .52
4 2398.5 446 .89 456.82 3122.4 6.41 457.594 .52
5 2187.0 446.83 456.36 3088.1 6.48 457.121 .50
6 1976.5 444.68 455.90 3147.9 6.35 456.671 .51
7 1740.0 446.05 455.41 3111.6 6.43 456.160 .52
8 1502.0 445.80 454 .86 3218.9 6.21 455.594 .56
9 1265.5 445.25 454.30 3315.7 6.03 455.022 .57
10 1098.0 443.68 453.80 2894.3 6.91 454.616 .48
11 932.5 442.30 453.51 2955.1 6.77 454.269 .43
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12 830.5 433 .69 452.52 2293.2 8.72 453.716 .36
13 675.5 432.92 451.97 2273.5 8.80 453.175 .36
14 543.0 436.66 451.76 2882.7 6.94 452.653 .43
15 412.0 435.28 451.55 2844.1 7.03 452.474 .46
16 281.5 434.84 451.33 2831.1 7.06 452.288 .48
17 221.2 436.60 451.26 2848.5 7.02 452.185 .48
18 110.2 433.82 450.88 2656.7 7.53 451.998 .49
19 .0 431.79 450.47 2491.4 8.03 451.785 .50
20 -500.0 436.43 449.64 2432.7 8.22 450.785 .48
21 -1000.0 434.87 448.50 2379.1 8.41 449,713 .50

e d de ke gk e gk de gk ok ke d ok ok gk ke ok ok ok ke ke ok ke ke e e e e e e e ok ke sk ke ok g ke ke ok ke ok e e ke ko ke ok

* SEDIMENT ROUTING RESULTS FOR STREAM TUBE NO. 1 *
1L R i A R T A R T T A T P R T T T T

STA TOT. LOAD CHANGE DIRECTN. SEDIMENT LOAD FCR SIZE FRACTIONS {CU.FT)

NO. { TONS ) (FT) OF CHANGE 1 2 3 4
2SS S RS2SRSS R RS R 2222 RS R R R R RSt s AR RAALYYR R R AR RARRRSRAS SRR R R 3

1 115.7 .00 DEPTH 1398. 0. 0. C.
2 134.5 .00 DEPTH 1398, g. 0. 227.
3 148.9 .00 DEPTH 1398. 0. 0. 402.
4 161.4 .00 DEPTH 1543. 0. a. 408.
5 174.1 .00 DEPTH 1704. 0. 0. 401.
6 i80.3 .00 DEPTH 1791. 0. 0. 389,
7 242 .3 -.02 DEPTH 2618. 0. 0. 311.
8 241.4 .00 DEPTH 2711. 0. 0. 208.
9 229.6 .00 DEPTH 2647. 0. 0. 129,
10 233.4 .00 DEPTH 2733. 0. 0. 89.
11 153.6 .09 DEPTH 1840. 0. 0. 18.
12 142.3 .02 DEPTH 1712. 0. 0. 9.
13 147.1 -.01 DEPTH 1771. 0. 0. 7.
14 167.0 -.03 DEPTH 2014. 0. 0. 5.
15 - 182.1 -.02 DEPTH 2198. 0. 0. 4.
16 189.0 -.01 DEPTH 2282. 0. 0. 3.
17 191.7 .00 DEPTH 2315. 0. 0. 2.
18 201.9 -.02 DEPTH 2439. 0. 0. 2.
19 228.5 -.02 DEPTH 2761. 0. 0. 1.
20 245.1 -.01 DEPTH 2863. 0. 0. 0.
21 264.0 -.01 DEPTH 3191. o. 0. Q.
hAkhkdkhkkkdrdkhkhkhkdthkhhkbthkhhbdhhkhdhkhhdhdhohhhkhbhhhkhkdhkFrhahbh kbbb hrh i
* SEDIMENT ROUTING RESULTS FOR STREAM TUBE NO. 2 *
(2R R R R L AR EE R R FEE R R SR AL TR RS EE TR S EEEE RS &0 TS SRS
STA TOT. LOAD CHANGE DIRECTN. SEDIMENT LOAD FOR SIZE FRACTIONS (CU.FT)
NO. ( TONS )} (FT) OF CHANGE 1 2 3 4
RS SRS SR RS RSS2SR R RSt R 2 R R 2 R R R R RS R R R AR R R YRR R RS RS L EEE R LR R
1 115.7 .00 DEPTH 1398. 0. 0. 0.
2 141.6 -.01 DEPTH 1398. 0. 0. 313.
3 151.8 -.01 DEPTH 1398. 0. 0. 437.
4 153.9 .00 DEPTH 1416. 0. 0. 445,
5 151.3 .00 DEPTH i41s6. 0. 0. 414.
6 149.4 .00 DEPTH 1l41s6. 0. 0. 390.
7 154 .4 .00 DEPTH 1472. 0. 0. 395.
8 161.7 -.01 DEPTH 1546. 0. 0. 409.
g 170.9 -.01 DEPTH 1642, 0. 0. 424 .
10 167.9 .00 DEPTH 1642, 0. 0. 387.
11 161.8 .01 DEPTH 1643. 0. 0. 313,
12 155.9 .02 DEPTH 1643. 0. 0. 242,
13 156.9 .00 DEPTH 1660. 0. 0. 237.
14 156.5 .00 DEPTH le74. 0. 0. 218.
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15 159.8 -.01 DEPTH 1717. 0. 0. 215.

16 163.8 -.02 DEPTH 1767. 0. 0. 213.

17 169.2 -.03 DEPTH 1832, 0. 0. 213,

18 175.9 -.03 DEPTH 1918. 0. 0. 209.

1¢ 207.0 -.05 DEPTH 2336. 0. 0. 167.

20 253.0 -.03 DEPTH 2957. 0. 0. 101.

21 272.5 -.01 DEPTH 3240. 0. 0. 55.
2222 R SRR R SRR R AR RS R R RS R R AR R E LR R L SR
* SEDIMENT ROUTING RESULTS FOR STREAM TUBE NO. 3 *
HhkhkhkkhkhhkhkkhhkhkhkhkdkhkbhthkkhkhkRkArr AL RA AR A A rRER R AR RN AR

STA TOT. LOAD CHANGE DIRECTN. SEDIMENT LOAD FOR SIZE FRACTIONS (CU.FT)

NO. ( TONS )  (FT) OF CHANGE 1 2 3 4

AARTRK I A A AR AR T I AR T IR AT A AR T TR AR KRR KNI ARARKRAKRNAKR AR AR AR AR R R A Rk ko bk h b rhhhhhhki

1 115.7 .00 DEPTH 1398, 0. 0. 0.
2 137.7 -, 01 DEPTH 1398. 0. 0. 267.
3 147.7 .00 DEPTH 1398, 0. 0. 387.
4 152.9 .00 DEPTH 1456. 0. 0. 392.
5 151.2 .00 DEPTH 1456. 0. 0. 372.
6 181.9 -.02 DEPTH 1842. 0. 0. 357.
7 197.1 -.01 DEPTH 2015. 0. 0. 368.
8 227.9 -.01 DEPTH 2363. 0. 0. 392.
9 251.8 -.01 DEPTH 2701. 0. 0. 343.
10 194.2 .04 DEPTH 2235. 0. 0. 112.
11 179.6 .02 DEPTH 2111. 0. 0. 59.
12 134.7 .10 DEPTH 1614. 0. 0. 15.
13 137.2 .00 DEPTH le4a7. 0. 0. 12.
14 152.4 -.02 DEPTH 1832. 0. 0. 10.
15 168.2 -.02 DEPTH 2026. 0. 0. 8.
16 173.0 -.01 DEPTH 2084. 0. 0. 7.
17 177.3 -.01 DEPTH 2137. 0. 0. 6.
18 171.5 .01 DEPTH 2069. 0. 0. 4.
19 147.9 .01 DEPTH 1786. 0. 0. 2.
20 203.3 -.02 DEPTH 2457. 0. 0. 1.
21 208.86 .00 DEPTH 2522. 0. 0. 0.
FhkhkhhxhHhhkhdhkhkdhhkdkhdkhkhdkhkdkhhkdkkhkhhkhhkhkdkhkdhkdhdkkhdhkikdk
* BRI-STARS VER 5.03 OUTPUT *
LA EE RS RS E R AR slt Rl el R R AR SR SRS ]
TIME STEP NO : 144
SIMULATION DATE : 01/01/00
SIMULATION TIME : 23:59:04
DISCHARGE (CFS) : 5000.00
TIME INCR. (DAYS): .0069
EEE AT RS AL AL R E T RS A A RS L EE A EFEE LR LR ERTE LS L
* RESULTS OF BACKWATER COMPUTATIONS  *
* DISCHARGE = 5000.00 C.F.S. *
A R AR SR AR R TSR TR T AL ELEL T AR SRS S EE S
STA  STATION BOTTCM WATER SURF. FLOW AVERAGE ENER. GRADE FROUDE
NO. (FT) ELEVATN  ELEVATION AREA  VELOCITY ELEVATION NUMBER
22 RS RS RRAR R RR AR RS RR ARl E R RSl SRR AR AR R RRARERRRLRR LR SR 2 2]
1 360Q0.0 448.93 454.49 1192.7 4.19 454.784 .41
2 3200.0 447.98 453.80 1279.1 3.91 454.066 .37
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3 2800.0  447.46 453.03 1170.9 4.27 453.338 .42
4  2398.5  446.74 452.17 1161.7 4.30 452.486 .42
5  2187.0  446.84 451.70  1145.0 4.37 452.012 .42
6  1976.5  444.29 451.31  1241.5 4.03 451.598 .39
7 1740.0  445.90 450.77 1105.0 4.52 451.109 .45
8 1502.0  445.53 450.02 1025.8 4.87 450.416 .50
9 1265.5  444.98 448.93 885.0 5.65 449.442 .57
10 1098.0  442.97 447.77 755.0 6.62 448.509 .68
11 932.5  441.21 445.82 577.0 8.67 447.078 .91
12 830.5  436.29 445.60 901.5 5.55 446.105 .37
13 675.5  433.78 445.59 1318.7 3.79 445.811 .21
14 543.0  435.93 445.45 1357.6 3.68 445.673 .25
15 412.0 435.00 445.33 1310.3 3,82 445.582 .28
16 281.5  434.33 445.25 1357.6 3.68 445.490 .26
17 221.2 435.54 445.21  1315.4 3.80 445,447 .27
18 110.2 432.48 445.05  1230.2 4.06 445.362 .31
19 .0 430.53 444.96 1249.7 4.00 445.287 .34
20 -500.0  435.96 444.77 1444.4 3.46 444.958 .23
21 -1000.0  434.14 444.50  1529.9 3.27 444.679 .23
dhk ki hrA R AA A AT A A AT bh bbbk hhbhbhbhkdbddkddhbhhhbhhbhbhhkdhbhbhhkhik
* SEDIMENT ROUTING RESULTS FOR STREAM TUBE NO. 1  *
AAARE A AR AAARARRERRER AR AT AAAERAREE AR AR AARARRNARNARAARRR AR A A AKX
STA TOT. LOAD CHANGE DIRECTN. SEDIMENT LOAD FOR SIZE FRACTIONS (CU.FT)
NO. ( TONS ) (FT) OF CHANGE 1 2 3 4
KA KKK AR KRN E AR AR AR IR RN R RN AR AR ARk Ahhhd kb d bbbk ehkdhddhd
1 115.7 .00  DEPTH 1398. 0. 0. 0.
2 26.3 .03  DEPTH 316. 0. 0. 2.
3 29.2 .00 DEPTH 316. 0. 0. 37.
4 36.4 .00  DEPTH 399. 0. 0. 41.
5 39.6 .00  DEPTH 434. 0. 0. 45.
6 28.8 .01  DEPTH 337. 0. 0. 10.
7 41.0 -.01  DEPTH 461. 0. 0. 35.
8 49.2 -.01  DEPTH 536 . 0. 0. 59.
9 84.2 -.04  DEPTH 915. 0. 0. 103.
10 117.3 -.05  DEPTH 1260. 0. 0. 158.
11 155.5 -.08  DEPTH 1757. 0. 0. 123
12 29.9 .32 DEPTH 350. 0. 0. 12.
13 9.0 .06  DEPTH 108. 0. 0. 0.
14 11.4 -.01  DEPTH 137. 0. 0. 1.
15 14.9 -.01  DEPTH 179. 0. 0. 1.
16 12.2 .01  DEPTH 147. 0. 0. 0.
17 13.5 .00  DEPTH 162. 0. 0. 0.
18 15.4 .00  DEPTH 185, 0. 0. 1.
19 19.6 .00  DEPTH 236. 0. 0. 1.
20 11.1 .00  DEPTH 134. 0. 0. 0.
21 11.7 .00  DEPTH 142. 0. 0. 0.
LEA AR SRR ARAR SRS EERR R s s
* SEDIMENT ROUTING RESULTS FOR STREAM TUBE NO. 2 *
AEEXXXART AR RT A AT A AT A A A b A b b kb hhkhkkdhkhkrbhkhkhkhkhhikdhhkhkikhkhkikk
STA TOT. LOAD CHANGE DIRECTN. SEDIMENT LOAD FOR SIZE FRACTIONS (CU.FT)
NO. ( TONS } (FT) OF CHANGE 1 2 3 4

FhkrhkhrhA bR hAdr R A AR kb vk kb dhdhbhhbhrhkdhhkhhhhkbhkhhkthhddhkhkhkdhhbhdhdhdkhhhidhkhhkddkkk

1 115.7 .00 DEPTH 1388. 0 0. 0.
2 26.3 .06 DEPTH 318. 0 0. 0.
3 30.7 .00 DEPTH 318. 0 0. 53.
4 33.8 .00 DEPTH 354. 0 0. 54.
5 34.2 .00 DEPTH 354. 0 0. 59.
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6 36.8 .00 DEPTH 337. 0. 0. 36.
7 44.8 ~-.02 DEPTH 475. 0. 0. 66.
8 55.5 -.01 DEPTH 575. 0. 0. 87.
9 81.9 -.03 DEPTH 855. 0. 0. 135.
10 98.8 -.03 DEPTH 959. 0. 0. 235
11 111.1 -.04 DEPTH 1205. 0. 0. 138.
12 39.7 .35 DEPTH 453. Q. Q. 27.
13 11.6 .11 DEPTH 139. 0. 0. 1.
14 13.1 -.01 DEPTH 156. 0. 0. 3.
15 14.6 -.01 DEPTH 171. 0. 0. 6.
le 14.0 .00 DEPTH le4. 0. 0. 5.
17 15.7 -.01 DEPTH 190. 0. 0. 0.
18 16.3 .00 DEPTH 1%2. 0. 0. 5.
19 l4.6 .00 - DEPTH 170. 0. 0. 5.
20 12.0 .00 DEPTH 143. 0. 0. 2.
21 10.3 .00 DEPTH 123, 0. 0. 2.

LRSS SRR S SRR SRR RS RS R ES R SRR RS R ERE RS R AR R R LR SRR R

* SEDIMENT ROUTING RESULTS FCR STREAM TUBE NO. 3 *

AR AR AR AR AR AR R R Rl R RS Rt Rttt At ARl R XX

STA TOT. LOAD CHANGE DIRECTN. SEDIMENT LOAD FCR SIZE FRACTIONS (CU.FT)
NO. ( TONS ) (FT) OF CHANGE 1 2 3 4
A R iR L R L L R T LR T Y E e T T L L
1 115.7 .00 DEPTH 1398, 0. 0. 0.
2 24.8 .04 DEPTH 299, 0. 0. 1.
3 28.3 .00 DEPTH 299. 0. 0. 43.
4 32.8 .00 DEPTH 352. . 0. 44.
5 33.0 .00 ‘DEPTH 352. 0. 0. 46,
6 26.6 .01 DEPTH 296. 0. 0. 25.
7 40.0 -.01 DEPTH 432. 0. 0. 52.
8 67.4 -.02 DEPTH 705. 0. 0. 109.
2 83.3 -.01 DEPTH 879. 0. 0. 128
10 107.1 -.03 DEPTH 1070. 0. 0. 225
11 134.5 ~-.06 DEPTH 1485. 0. 0. 141.
12 30.3 .27 DEPTH 350, 0. 0. 17.
13 8.2 .05 DEPTH 29. 0. 0. 0.
14 12.6 -.01 DEPTH 151. 0. 0. 2.
15 i6.1 -.01 DEPTH 192. 0. 0. 2.
16 12.9 .01 DEPTH 155. G. 0. 1.
17 15.0 ~.01 DEPTH 180. 0. 0. 1.
is 17.5 .00 DEPTH 210, 0. 0. 1.
19 17.5 .00 DEPTH 212. 0. 0. 0.
20 9.9 .00 DEPTH 118. 0. 0. 0.
21 7.5 .00 DEPTH 9l. 0. 0. 0.
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