CHAPTER 1

11
1.2
1.3

CHAPTER 2

21
22

2.3
24
2.5

2.6
2.7

CHAPTER 3

3.1

TABLE OF CONTENTS

INTRODUCTION.......coiiiiiiiiii e

GENERAL BACKGROUND........coooiiiiiii s
PROJECT BACKGROUND ......cooiiiiiiieiieeseer e
RESEARCH OBJECTIVES AND SCOPE.........cccooviiiiiiieii

FUNDAMENTAL HYDRAULIC EQUATIONS.........ccccoevvereriee e,
2.2.1  Continuity EQUaLiON.........ccceeiieieeieerie e e e eee e see e e
2.2.2 Energy EQUALION.........ccccoiiieiieeie et
2.2.3 Flow Resistance EQUatiON...........cccovererireneeieeeseesie e
2.24 Energy Lossin an Open-channel System.........ccccceevvvieeieennnn,

2241 FIICHON LOSS ..c.veeiieeiesieesie e steesie e eee e s nne s

2.24.2 MiNOT LOSS.....ciiiiiiiiiiieniieeeie et
225 Froude NUMDES .......cccooieiiiiereee et
STANDARD STEP METHOD .......oooiiiiiienineneseeee e
2.3.1 Standard Step Method Algorithm ..........ccccvererieiiieree
HEC-RAS FORMAT ...ttt

PREVIOUS STUDIES ON CALCULATING WATER-SURFACE
ELEVATIONSIN MEANDER BENDSWITH BENDWAY

PREVIOUS STUDIES ON CALCULATING MINOR LOSSES

DUE TO MEANDER BENDS. ...ttt
2.7.1 Yarnel and Woodward Method............cccoovveeeeieiveee e
2.7.2 Scobey MethOd .........ccoeevuieieiiese e
2.7.3  Shukry Method...........ccoooririiiieee e
2.7.4 Yenand Howe Method..........ccocoevvviiiiiieiiiee e
2.7.5 Tilpand Scrivner Method ...
2.7.6 Lansford MEthOd...........ccoovviiiiiiecciie e
277 SUMMEY ..ottt s n e sreene e



3.2  MODEL DESCRIPTION ....ccotiiiiiisisiesiesieseeeseeee et
3.3 CROSS-SECTION DATA ..ottt
34 FLOW CONDITIONS.......cotiieierteniesie s
35  TESTING PROGRAM .....oooiiiiiiiene ettt
3.5.1 Fow-depth Measurements..........ccccoveererieneesennienee e
CHAPTER 4 BASE-LINE ANALYSIS ...t
41 INTRODUCTION ...oooiiiieiiiiesiieieiesiesiesee e ste e s e eesaessessessessessessessesseenees
4.2  BASE-LINE MODEL — ORIGINAL TEST ..o
4.2.1 Original Test Input Parameters..........ccoveeveneeneeienieeseese e
4.2.2 Original Test RESUILS.......ccccceiieiereese et
4.3  MODIFIED TEST OF THE BASE-LINE MODEL ......ccccccvcviiiririnnenen.
4.3.1 Modified Test Input Parameters..........ccocvevveeeneeiesieeseesesee e
4.3.2 Modified Test RESUILS.......cccoiiriiiieeeesee e
44  BASE-LINE MODEL SELECTION......cccctsiriririeieniene e
CHAPTER 5 BENDWAY-WEIR ANALYSIS ..ot
51  INTRODUCTION ...cccoiiiiiriiriieieiie et s
52  TRIAL DEFINITIONS......cootiieierere e
53  LIMITATIONSTOANALYSIS. ..o
54  SELECTED HEC-RAS MODEL BASED ON LIMITATIONSTO
ANALY SIS, ..t
54.1 Trial 16 INput TabIES.....ccueiiiiieeeeeeee e
54.2 Trial 16 RESUITS.....ccoiiiriicieeee e
5.4.2.1 Flow-depth COmMPariSoN..........ccceveereereererreeseeseeseesee e
5.4.2.2 Trial 16 Total Energy Calculations...........cccccevvvevveverennne.
5.4.2.3 Total Energy Loss Calculation............cccevereeneenenenneenne
CHAPTER 6 MINOR LOSS CALCULATIONS......ccotiiiieeeieieie e
6.1  PURPOSE OF ANALYSIS.. .ot
6.2 MINOR LOSSDUE TO MEANDER BEND CALCULATIONS...........
6.3 RESULTSFROM MINOR LOSS DUE TO MEANDER BEND
CALCULATIONS. ...ttt e ens
6.3.1 Average Ve oCity RESUILS ........ccccveeieiiiesece e
6.3.2 Total Energy LOSSRESUILS.......ccooiiiriiiirieeeee e
6.3.3 Friction LOSS RESUILS........cooueiiirieriisiinieeereeee e
6.3.4 Minor Loss Due To Meander Bend Results..........ccccoeeeeveenennen.
6.4  CONCLUSION........coiiiiitiriesieeirieee et
CHAPTER 7 METHODS TO PREDICT MINOR LOSS DUE TO
MEANDER BENDS........ociieie ettt
7.1 DEVELOPMENT OF THE METHOD ......cccoeiiiieieesese e,
7.1.1 Development of aPi TEM......ccccoviieiieiececeereee e
7.1.2 Graphical REIatioNSNiP........ccoeriririeieeere e



7.13  mMethod Used to Calculate Predicted Neend «veeeeeeveevevvereeerren, 89

7.2  TOTAL ENERGY LOSS CALCULATION .....ccccevvririeiririerene e, 91
7.3 EXAMPLE PROBLEM ...ttt 95
7.3.1 heeno Calculation With HEC-RAS OULPUL..........covcenieiririiine, 95
732 hr Calculation With HEC-RAS OUPUL............ovvveerreerenereennne. 103
7.3.3 Comparison Between hr Calculated With Modified HEC-
RAS Data Set and Unmodified HEC-RAS Data Set .................. 104
7.3.4  Ngpp CalCUIBLION. ..o s 106
7.3.5 Implementation of Ngprin HEC-RAS. ..o 111
7.3.6  NEpp SIGNITICANCE. .....ci e 111
CHAPTER8  CONCLUSION AND RECOMMENDATIONS........ccccocenennnne 113
8.1  OVERVIEW ...ttt 113
8.2 RECOMMENDATIONS FOR FURTHER RESEARCH....................... 115
CHAPTER 9 REFERENCGCES. ...t 117
APPENDIX A TOTAL STATION SURVEY ....ccooooiiiiiiiseieee e, 119

APPENDIX B BASE-LINE AND BENDWAY-WEIR TESTING
PROGRAM RESULTS ... 130

APPENDIX C LINEAR INTERPOLATION OF TOTAL ENERGY LOSS
AT I2CFSAND 16 CFS ..o 145

APPENDIX D ACCURACY OF 1s PREDICTOR EQUATION......ccooviiiiiiiie, 148



LIST OF FIGURES

Figure 2.1. Variables Used to Calculate A and P.........cccoeiirieiiiieneiree e 9
Figure 2.2. Planform View of a Contraction Reach and Expansion Reach...................... 11
Figure 2.3. Standard Step MEthOd ........cccuoieiiieii s 16
Figure 2.4. HEC-RAS FOIMAL .......cceiiieeieeiesieeieeee e e ee e te e sae e s saeeneesneeneeaneas 19
Figure 2.5. Highland Park Map (adapted from Breck (2000)) .......ccevereereeneniensenneennnns 20
Figure 2.6. Study Reach Survey (adapted from Breck (2000)) .......cceoveveereerencerseesenennn. 22
Figure 2.7. Pressure Distribution in a Meander Bend (Mockmore, 1944) ............cco....... 25
Figure 3.1. Location of Hydromachinery Laboratory at the Engineering Research

CONEES ..t s 33
Figure 3.2. Map Locating the Middle Rio Grande (Darrow, 2004)..........ccoevererenenenne 34
Figure 3.3. Physical Model Plan View With Defined Cross Sections (Heintz,

71007 DR 35
Figure 3.4. Piezometer Location Along Cross Sectionsin the

Typel and Type Il Bends (Heintz, 2002).........ccccerereneneneneeieeeeseseesieneens 36
Figure 3.5. Rod Placement in Planform VIeW ..o e 36
Figure 3.6. Rod Placement in Profil@ VIEW ... 37
Figure 3.7. Total Station and Standard Level Survey Comparison at XS5.........ccccuveee.. 37
Figure 3.8. Physical Model Without Bendway Weirs (adapted from Heintz

201070 TSP RNS 39
Figure 3.9. Physical Model With Bendway Welirs (adapted from Heintz (2002)) ........... 40
Figure 3.10. Bendway-weir Dimensions (Heintz, 2002) .........cccccceveeveeceeceeseecie e 40
Figure 3.11. Spacing Ratio Schematic (Heintz, 2002)..........cccooerereneneneneeeeeeseeseeseee 42

Vi



Figure 3.12. Planform View of Bendway-weir Configuration (Heintz, 2002).................. 43

Figure 4.1. Comparison of Flow Depth Measured Along Physical Model and

Flow Depth Estimated During the Original TeSt........cocevvrineeienieseeeee, 50
Figure 4.2. Comparison of Flow Depth Measured Along Physical Model and

Flow Depth Estimated During the Modified TeSt........ccccovvrvvinnencieneereenn, 54
Figure 5.1. Comparison of Flow Depths Measured Along Physical Model and

Estimated By HEC-RAS ........cveeeeieeeeeeeeeeeseeeeeesesessess s seseseseesseess e sseesenes 65
Figure 5.2. Linear Interpolation at 8 CfS........cccveveieeieiie e 70
Figure 6.1. Linear Interpolation of Total Energy at 8 CfS......cooveceiiiiinciieeeee, 76
Figure 6.2. Linear Interpolation of Total Energy at 12 cfS......cccccevvevvccecevece e, 76
Figure 6.3. Linear Interpolation of Total Energy at 16 CfS......ccoccoveeveniinieneneeeen, 77
Figure 7.1. Graphical Relationship Between 7z and Observed heeno /st ceoeeeeeerneenee.. 88
Figure 7.2. HEC-RAS Cross-Section INterface........coovveieereeceseese e 97
Figure 7.3. HEC-RAS Steady FIOW INterface..........ccocoveeieniinieiice e 98
Figure 7.4. HEC-RAS Boundary Condition Interface........ccccevevveiencereene e 99
Figure 7.5. HEC-RAS Output Table Interface...........ccovvrvineeneniineneee e 99
Figure A.1. XS0 Cross-sectional Profile..........ccccveoeveeieciesiese e 120
Figure A.2. XS1 Cross-sectional Profile..........ccooeiiiiiiniinieee e 120
Figure A.3. XS2 Cross-sectional Profile..........ccccuecevieiieiesiese e 121
Figure A.4. XS3 Cross-sectional Profile..........cooeoeiieiinineee e 121
Figure A.5. XS4 Cross-sectional Profile..........cccceeceveeviciesiece e 122
Figure A.6. XS5 Cross-sectional Profile..........coooeiiieiininieee e 122
Figure A.7. XS6 Cross-sectional Profile..........ccccueceieeiecieneese e 123
Figure A.8. XS7 Cross-sectional Profile..........coeiiieiininieee e 123
Figure A.9. XS8 Cross-sectional Profile..........ccccvecevieiicieniese e 124
Figure A.10. XS9O Cross-sectional Profile...........cocoiieiininiee e 124

Vil



Figure A.11. XS10 Cross-sectional Profile.........ccccoveiininieiine e 125

Figure A.12. XS11 Cross-sectional Profile...........cccvveveicenieie e 125
Figure A.13. XS12 Cross-sectional Profile.........ccccoveiirinienine e 126
Figure A.14. XS13 Cross-sectional Profile..........ccccvvevvicenicnie e 126
Figure A.15. XS14 Cross-sectional Profile.........cccccoveiinineiee e 127
Figure A.16. XS15 Cross-sectional Profile..........cccvveveicenieeciecie e 127
Figure A.17. XS16 Cross-sectional Profile.........cccccoveiininenene e 128
Figure A.18. XS17 Cross-sectional Profile..........ccccvveveicesiese e 128
Figure A.19. XS18 Cross-sectional Profile..........cccoveeiirinieneee e 129
Figure C.1. Linear Interpolation at 12 CfS.......cccccveevieeiisiesiese e 146
Figure C.2. Linear Interpolation @ 16 CfS........ccooeiiiiiiiinieneeeeee e 147
Figure D.1. Observed Trend LINES ......ccccieiiiienicriesiee e e sie et ae e sne e 149
Figure D.2. Trend Line with Significant Relationship .........ccooeviriininiiieeee 150
Figure D.3. Observed Linear REl@tioNShiP .......ccveveeieeiieneeieceese e see s eses e eneens 152

viii



Table2.1.
Table 2.2.
Table 2.3.
Table 2.4.
Table 3.1
Table 3.2
Table 3.3.
Table 3.4.
Table 3.5.
Table4.1.
Table4.2.

Table4.3.

Table4.4.

Table 4.5.

Table 4.6.

LIST OF TABLES

Contraction and Expansion Coefficients (USACE, 2001D)..........cccoceevereennens
Model Option Descriptions (Breck, 2000) ........cccccveeereereeiesieeseesieseeseeeeenns
Option 1 and Option 2 Accuracy (Breck, 2000) ........cccooeereererienseenienieeseeneens
Yarnell and Woodward C-VaIUES.............cccuireerineeesesee e
Middle Rio Grande Geometry Characteristics (Heintz, 2002) .........cc.ccoveeneee
Physical Model Geometry Characteristics (Heintz, 2002) ...........cccoevevereenene
Bendway-weir CharaCteriStiCS........ouveeierieneeriesee e e e
Base-line Testing Program Flow-depth Measurements...........cccccvecvevvereeennene.
Bendway-weir Testing Program Flow-depth Measurements.............ccccccueenee..
Known Water-surface Elevations (WSE).........covvireninienieresese e,
Base-line Original Test Flow-depth Measurements..........cccccovveeeveeiecieecneene,

Difference in Average Flow Depth Between HEC-RA'S Output and
Physical Model During the Original TESt......ccoccvieeveeieceeceee e

HEC-RAS Contraction and Expansion Coefficients Used During the
MOAITIEA TESL....ceeiieeeete et

Modified Test Flow-depth Measurements...........cccooeverenenenenienieenese e

Difference in Average Flow Depth Between HEC-RAS Output and
Physical Model During the Modified TeSt.........cccoovviieeieieesee e

TADIE 5.1, THIAl LISt oeeeeeee ettt e e e e e e e e e e e eeeeeeeesaeeeeeeeaeeeeaaaaes

Table5.2. Trial 16 Manning SN ValUES........ccoiiiiiirinereeeeee e

Table 5.3. Tria 16 Expansion and Contraction Coefficients..........cccccvvevveeveiieeveesieennns

Table5.4.

HEC-RAS Output Flow-depth Measurements..........ccocveveeeeeieneeneeseeseeenenn



Table5.5. yinthe Typel and TYPe [ BENOS.........ovweoveeeeeeeeeeeeeeeeeseeeeseee s 66

Table 5.6. Total Energy Calculated With Physical Model Measurements............ccce..... 67
Table5.7. Total Energy Calculated With HEC-RAS OULPUL .......ocvvevvieiiecieciecie e 68
Table 5.8. Nt COMPAITSON .....coiuieieiierieerie e sre e seeaeeneenaeas 71
TEDIE 6.1, V RESUIS .ovovvvevvaeeiesecesse st 74
TaADIE6.2. H RESUILS.......ooiirieceit et 75
TablE 6.3, Nt RESUILS ... s ses e s 78
Table 6.4, Ngt RESUILS......ccuieieeecee e 79
TaDIE 6.5, Nist RESUILS ....c.vvevvvveeceessseseesssesseass s 80
TahI€ 6.6. NBEND RESUITS ...oovvvveeereeeseeeees st 81
Table 6.7. NBEND-TOTAL RESUIS ....cvveevveeceeeeieeeess s 82
Table 6.8. Percent Energy Loss Due to PIBEND-TOTAL «everreeeseessesessessssssssssssesssesssssssesssess 83
Table 7.1. Variables Describing DimensionlessS Pi TEMMS ........cccovvriieeneniieneesieseeniene 85
Table 7.2. Relationships Describing Each Pi TE&MM .......cccv e 86
Table 7.3. heeno RESUItS USING 75 MEINOU ... s 91
Table 7.4. hr RESUMS 8 8 CFS.....ouuuvvvveraeiiereesesseessssss s sessssss 93
Table 7.5. hr RESUILS 8L 12 CFS....ouuuvvvrraneiieseesessesssssesssssssses s ssssssssssssssss 93
Tahle 7.6. Nt RESUILS AL 16 CFS....ovunvvverraneeeesneeeesssessssssesssssssessssssessss s sssses 93
TADIE 7.7. TW RESUIES....vvevvvvameeeessseseesssesssssss s esssssssnns 100
TaDIE 7.8. Fc MEASUIEIMENTS. .....eeeiiieeiee ettt e ettt e e e e e e e s sbr e e e s sebbeeesessraeeessanreeeesans 101
Table 7.9, 5 RESUITS ...t 101
Table 7.10. Ngenn /st RESUITS........vvveeeeeveoescee s 102
Table 7.11. Nend RESUILS......vvvoveevveeieeecesee s 103



TADIE 7,02, 1T RESUIIS oo e e e e e 104

Table 7.13. hr Results for Unmodified HEC-RAS OULPUL ............cveeverereeeesresreeserenns 106
Table 7.14. Table Required for ngre CalCulation...........ccceeveeveeiecee e 107
Table 7.15. Selected CellsTor SOlVEr ROULINE...........coiiieieieeese e 108
Table 7.16. Comparison of EGLca.c and S ELCONV rerererreneremeesssseneeseeenesesesseessssasesnesenenans 109
Table 7.17. Modified Ngrr fOr EGLCALC = S 1-00NV wrrrerveeesssmmmmnrrressessssssssssesssssssssssnnnnns 110
Table 7.18. ngee for Each Meander Bend............cooveiiiiiiiiece e 110
Table 7.19. hr for HEC-RAS OULPUL WIth NEEE ....veeeeeeeeeeeee e eeeeseseees s 112
Table B.1. 8-cfsBase-liNe Dala SNEEL ...........ooiiiiiniieeeeeee e 131
Table B.2. 12-cfsBase-line Data ShEet .........cccoiviiiriiiceseeee e 132
Table B.3. 16-cfsBase-line Data SNEEL .........cccooiiiiiririeeeeee e 133
Table B.4. 8-cfs Bendway-weir Testing Data She€t.........ccooveveevvceceece e 134
Table B.5. 12-cfs Bendway-weir Testing Data Sheet...........ccoooviviiininecicceicsice 138
Table B.6. 16-cfs Bendway-weir Test Data Sheet..........ccceeeveeveciee e 143
Table D.1. Data Required to Estimate Trend Line .........coeievereneieiesese e 149
Table D.2. Predicted Neenn /hst RESUILS......ouumvvvvereiiereeeise s 151
Table D.3. Percent Error and Absolute Percent Error ReSUItS...........covveeeeieicncniennns 151

Xi



LIST OF SYMBOLS AND ABBREVIATIONS

Symbols
A

Ag

A

(24]

a2

BW

Ce

Ce

Ah
AX

EGLcaLc

= cross-sectional area normal to the direction of flow (ft%)

= cross-sectional areanormal to the direction of flow at the downstream cross
section (ft?)

= cross-sectional area normal to the direction of flow at the upstream cross
section (ft?)

= kinetic energy correction coefficient

= kinetic energy correction coefficient at the downstream cross section
= kinetic energy correction coefficient at the upstream cross section

= channel width (ft)

= base width of channel (L)

coefficient of loss

coefficient of contraction

coefficient of expansion

density of water (M/L3)

= differencein pressure of fluid flowing (ft)

= distance aong the centerline of the channel between cross sections (ft)
= energy grade line (ft/ft)

= unit conversion (Eng = 1.486 and Sl = 1.000)

= coefficient of curve resistance
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Fr = Froude number

9 = acceleration of gravity (ft/s%)

hp = minor loss due to bend (ft)

heenp = energy loss due to bend (ft)

heenp = cross-sectional average minor |oss due to meander bend (ft)

heenp_toraL = a@verage minor loss due to the meander bend through the bend (ft)

he = minor loss due to channel contraction at a cross section (ft)

he = minor loss due to channel expansion at a cross section (ft)

hy = energy loss due to friction (ft)

hst = average friction loss (ft)

Pyt gers = averagefriction loss at a discharge of 8 cfsin the physical model

Nt 1cts = averagefriction loss at a discharge of 12 cfsin the physical model

Pt 16cts = averagefriction loss at a discharge of 16 cfsin the physical model

hsi = cross-sectional average, average friction loss (ft)

hsttora. = average friction loss through the meander bend (ft)

hy = total energy loss between adjacent cross sections (ft)

ht = total energy loss through a meander bend (ft)

he = cross-sectional average total energy loss (ft)

hr = average total energy loss through a meander bend (ft)

H = total energy at each cross section (ft)

Hs cfs = total energy at each cross section when the dischargeis 8 cfsin the
physical model (ft)

Ha1 cfs = total energy at each cross section when the dischargeis 12 cfsin the

physical model (ft)
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Hig cfs = total energy at each cross section when the dischargeis 16 cfsin the
physical model (ft)

Hi = total energy at the downstream cross section (ft)

H> = total energy at the upstream cross section (ft)

Hp = hydraulic depth (ft)

0 = deviation angle of the curve

Ow = orientation angle

K = channel conveyance (ft)

K1 = channel conveyance at the downstream cross section (ft)

K> = channel conveyance at the upstream cross section (ft)

Kp = coefficient of curve resistance

Larc = length of arc from center of the bendway weir to center of the bendway
weir along the design flow water surface (ft)

Ly = length of channel bend along center line (L)

Lew = length of crest along bendway weir (ft)

L, = bendway-weir length ratio (ft)

Lw = total length of bendway weir (ft)

u = dynamic viscosity of water (M-T/L?)

n = roughness coefficient

N g cfs = roughness coefficient at a discharge of 8 cfsin the physical model

N 12 cfs = roughness coefficient at a discharge of 12 cfsin the physical model

N 16 cfs = roughness coefficient at a discharge of 16 cfsin the physical model

NEFF = effective roughness coefficient

P = wetted perimeter (ft)

T = dimensionlessterm
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Q = discharge (cfs)

Q1 = discharge at the downstream cross section (cfs)
Q2 = discharge at the upstream cross section (cfs)

r = inner radius (ft)

re = radius of curvature (ft)

R = hydraulic radius (ft)

Re = Reynold’'s number

S = gpacing ratio

So = bed slope (ft/ft)

St = friction slope (ft/ft)

Stmanning = friction slope calculated using a version of Manning' s equation (ft/ft)

St = average friction slope between two adjacent cross sections (ft/ft)

St conw = average friction slope using the average conveyance method (ft/ft)
z = summation

YA° = summation of deflection angles

T™W = top width of channel (ft)

™W = cross-sectional averaged top width (ft)

v = kinematic viscosity of afluid (ft¥s)

v = average velocity at a cross section (ft/s)

Vcts = average velocity at a cross section when the discharge is 8 cfsin the

physical model (ft/s)

Viocts = average velocity at a cross section when the discharge is 12 cfsin the
physical model (ft/s)

Visets = average velocity at a cross section when the discharge is 16 cfsin the
physical model (ft/s)
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Vi = average velocity at the downstream cross section (ft/s)

Va2 = average velocity at the upstream cross section (ft/s)

W = top width of across section along the water surface (ft)

Whw = base width of bendway weir (ft)

Wew = crest width of bendway weir (ft)

WSE = water-surface elevation along the cross section (ft)

WSE; = water-surface elevation at the upstream cross section (ft)

XStoraL = number of significant cross section used in analysis

y = flow depth at a cross section (ft)

y = cross-sectional average flow depth (ft)

VPG = flow depth at Piezometer D using a track mounted point gage (ft)

Y8 cfs = flow depth at adischarge of 8 cfsin the physical model (ft)

Y12 ¢fs = flow depth at adischarge of 12 cfsin the physical model (ft)

Y16 cfs = flow depth at adischarge of 16 cfsin the physical model (ft)

Y1 = flow depth at the downstream cross section (ft)

y2 = flow depth at the upstream cross section (ft)

Veurs = cross-sectional average flow depth at a discharge of 8 cfsin the physical
model (ft)

Vet = cross-sectional average flow depth at a discharge of 12 cfsin the physical
model (ft)

Vioct = cross-sectional average flow depth at a discharge of 16 cfsin the physical
model (ft)

z = bed elevation at a cross section (ft)

21 = bed elevation at the downstream cross section (ft)
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2 = bed elevation at the upstream cross section (ft)

Zp = surveyed bed elevation at Piezometer D (ft)

Abbreviations

° degree(s)

% percent

® registered trademark
1-D 1-dimensional

2-D 2-dimensional

3-D 3-dimensional

cfs cubic feet per second
EGL energy gradeline
Eng English

D/S downstream

ft foot or feet

ft/ft feet per foot

ft/s feet per second

ft/s* feet per second squared
ft? squared feet

HEC-RAS  Hydrologic Engineering Center’s River Analysis System

in. inch(es)
Sl Systeme Internationale d’ Unites (International System of Units)
u/S upstream
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USACE

USBR

USGS

XY, Z

XS

United States Army Corps of Engineers
United States Bureau of Reclamation
United States Geological Survey
coordinate axes

Cross section(s)
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