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Introduction 
Fluvial-12 is a mathematical model for erodible channe ls. It was deve loped and has been maintained by 

Howard H. Chang. Fluvial-12 is similar to HEC-6 in the structure of the input fi le, but uses different 

methods . This mode l is used to develop sediment transport models for studies and Floodp lain Use 

Permits such as Sand & Grave l permits . The purpose of this document is to give a brief overview of 

some of the tips and tools current ly avai lable for the Fluvia l-12 model. This document is based on the 

version of Fluvial-12 named "FL12.exe" compi led on 05/08/2012, the "F iuvial12 GUI.exe" used in this 

document was compiled on 04/10/2009. The Plot program "Piot.exe" was compiled on 02/07/2009 and 

"PLOT2012.exe" was compiled on 06/28/2012. 

Fluvial-12 has a simi lar input file structure to HEC-6, HEC-6T and HEC-2. The input fi le is based on cards, 

that is the first 2 positions of each line in the fi le are used as an identifier of what records are stored in 

that line. The basic format for the file is each line contains records composed of 11 f ields, the f irst as 

was already mentioned is the identifier and is 2 characters long. The next 10 fie lds contain the data for 

that identifier, not alllO fields are used for each identifier. These data fie lds are 6 characters long. The 

figure be low shows an input fi le with the fie lds out lined and labeled in red . 

G2 6400 309 . 2 466 309.5 8000 309 . 8 7466 310 . 2 6400 310 . 8 
G2 4266 312 . 0 21 33 313 . 1066 31 5. 4 640 316. 192 320 . 0 
c 
c 1 2 3 4 5 6 7 8 9 10 

H CC3c c I 1oooo l I I I I l l 
50 

GQ 5 
GQ1150 . 8 50 1151. 5 1400 1152 . 9 3333 11 55 . 3 1 9140 1156 . 9 3 800 
GS 0 .14 0 . 04 0 . 42 0 .12 1.10 0 . 25 4 . 4 0.18 1 7 . 3 0 . 20 
GS 45 . 8 0 . 20 
X1.19 . 066 51 57 1381 0 0 100660 
XF 900 
GR1167 . 1 0 1166 .1 16 1164 . 1 22 1162 .1 28 1160 .1 34 
GR11 58 . 1 40 11 56 .1 46 11 5 .1 52 11 52 .1 5 1150. 3 128 
GR11 52 . 1 185 1153 . 8 211 1152.1 24 1 11 52 .1 288 1152 .1 343 
GR11 52 . 1 356 11 54 .1 505 11 52 . 1 578 11 50 .1 596 1149 . 8 626 

A list of the Records or Cards {the identifiers) and a basic description of them is in APPEND IX B. USERS 

INSTRUCTIONS FOR THE FLUVIAL MODEL ofthe Fluvial-12 User's Manual. This document will not cover 

all ofthem since most are fairly common and are explained sufficiently in the Fluvia l-12 User's Manua l, 

also since the model 's input file is simi lar to HEC-6 some user's prob lems might be so lved by consu lting 

HEC-6 documentation. The focus ofthis manual will be on the met hods most common ly used in 

reviewing Fluvial-12 models to determine their correctness and demonstrated impacts. 
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Minimum Bed Elevation 
In most cases the important output from a sediment transport model is the minimum bed elevations for 

each cross section during the simulation. This is important, because from this the maximum scour can 

be calculated . The maximum scour is an important factor in most designs; it also demonstrates the 

impact of adding a bridge or a sand and gravel pit on the surrounding areas. The minimum bed 

elevations are not automatically reported by Fluvial-12, but it has the capability of reporting these 

results . This section deals with how to have Fluvial-12 output minimum bed elevations . 

To obtain the minimum bed elevations the correct data must be entered into the input file . The G4 card 

which is described as "General Use Record for Selected Cross-Sectional Output" is used to tell the model 

that the minimum bed elevations results are needed. The G4 card can use fields 1-7 and 10 but we are 

only interested in field number 7 to obtain the minimum bed elevations during the simulation. Most of 

the fields for G4 are or can be left blank including field 7, this default of blank or zero for field 7 does not 

report the minimum bed elevations. The figure below shows the G4 Record of an input file with f ield 7 

blank which is how the model is usually run . 

G2 3 3 291. 2 1120 291.6 1866 
G2 11200 293.2 13066 293 . 5 14000 
G2 466 296.0 3 33 29 . 1866 
G2 213 307. 2 640 307. 6 1066 
G2 6400 309.2 466 309.5 8000 
G2 4266 312.0 2133 313. 1066 
c 
c 

ah36 
2 3 4 5 

~ 10000 1 I 
GQ 5 
GQ1150 . 8 so 1151. 5 1400 1152 . 9 
GS 0.14 0 . 04 0. 42 0.12 1.10 
GS 5. 8 0. 20 
Xl19.066 51 5 1381 0 
X~ 900 
GR1167 .1 0 1166.1 16 1164.1 
GR1158.1 40 1156.1 46 1154.1 
GR1152.1 185 1153.8 211 1152 . 1 

292.0 3 33 
293.8 13066 
299.4 1120 
308.0 2133 
309.8 66 
315.4 640 

6 7 

I 

3333 1155.3 
0.25 4.4 

0 100660 

22 1162.1 
52 1152.1 

241 1152 . 1 

292.2 7466 
294.2 11200 
300. 336 
308.2 4266 
310.2 6400 
316. 192 

8 9 
6 

I 

19140 1156.9 
0.18 1 7. 3 

28 1160.1 
57 1150.3 

288 1152.1 

292 . 8 
29 . 8 
30 . 0 
308. 8 
310.8 
320.0 

10 

so 
37800 
0.20 

34 
128 
3 3 

I 

To report the minimum bed elevations, enter " 1" into field number 7 of G4. Below is shown the same 

input file with a " 1" placed in field 7. 
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6400 309 . 2 7466 309. 5 8000 309 . 8 7466 310.2 6400 310 . 8 
4266 312.0 2133 313 . 1066 315. 640 316 . 7 192 320 . 0 

1 z 3 4 5 6 7 8 9 10 

G 
GQ 5 
GQ1150.8 so 1151. 5 1400 1152.9 19140 1156 . 9 37800 
GS 0.14 0 . 04 0.42 0.12 1.10 0 .18 1 7 .3 0. 20 
GS 45 . 8 0.20 
X119 . 066 51 57 1381 0 100660 
XF 900 
GR1167 .1 0 1166.1 16 1164 . 1 22 1162.1 28 1160. 1 34 
GR1158.1 0 1156.1 46 1154 .1 52 1152.1 57 1150 . 3 128 
GR1152 . 1 185 1153 . 8 211 1152 . 1 2 1 1152.1 288 1152.1 343 
GR1152.1 356 1154 .1 505 1152 .1 578 1150 .1 596 1149.8 626 

Now when this input file is run the program should produce an additional output file named TZMIN that 

contains the minimum bed elevations for every cross section in the model. The way that Fluvial-12 

reports the minimum elevations, is to report the cross section geometry for each cross section, which is 

station and elevation for the cross section and the elevat ion is the minimum elevation for that station 

during the simulation. This geometry can then be compared to the original input geometry to compare 

them or they can be subtracted to determine the scour at each point. The maximum scour for each 

cross section can then be determined . Shown below is an example TZMIN file with the main 

components of t he fi le labeled. 

Number 
of points 

(sta ion & 
elevat ion) 

in t he 

Distance to dow nstream 

cross section NT, 
TPUI~----., 

1151. 2 
1152. 1 
1152.5 

R1156. 7 
R1150. 3 
R1152.1 
R1153. 3 
R1149. 8 
R1150 .1 
R1150. 5 
R1153. 5 
R1152.9 
Rl152 . 0 
R1158. 5 

40.0 
127.9 
288.0 
455 . 4 
626.0 
808 . 0 
951.0 

1153.9 
1151. 2 
1152.1 
115 3. 6 
1150 . 1 
1150.1 
1150.3 
1152. 9 
1152.0 
1152.0 
1160. 7 

~~~~~~~~~~~'C 50.1 
50.1 

cross section for next 
50.3 
52.0 
53.6 1030.0 

1186 . 7 
1336 . 0 
1397.0 

·r---;....--a~. 50. 1 
1157 .0 
1166.1 

11.0 
115.0 
269.0 
444 .0 

section ID 653.3 
819.0 
960.8 

1 1 c;,,; c;, 1 n,;~ n 11 c;,,:; 1 1 noa n 11 c;, c; 0 11:zc;. n 
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485.9 
695.0 
838.0 
986.0 

11 c; ':l .Q: 

Cross 
section 

geometry 

data 
lst3!t ion& 
minimum 
elevation) 
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Fluvial12 GUI 

Introduction 
One of the tools that has been developed to help with displaying the results from Fluvial-12 is the 

Fluvial-12 GUI. This program allows the user to view the results in a graphical manner. The application 

allows the user to view both profile and cross section views of the model extents . The window shows 

the initial bed conditions with the bed conditions and water surface at the current time step . This allows 

the user to see the progress ion of the model. It should be noted that the Fluvial-12 GUI does not rea lly 

present the results in enough detail for review or submittal. The consultants should supply tables 

containing the numerical results and not just graphics. The graphics and animation help the user to 

ensure that the model makes sense and that it is showing similar results to what one would expect from 

previous results and intuition. The Fluvial-12 GUI can be used to determine approximately what time 

the maximum scour or water surface elevation occurs, this can then be used to retrieve the numerical 

data from the output file or the Plot program . 

Using the GUI 
The Fluvial-12 GUI takes a text file and reads the geometry data for each cross section at each time step. 

It is important to note that only text files can be input into the Fluvial-12 GUI, that is files with * .txt 

extension. Thus the usual * .out or any other extension for the output file will not be accepted . 

However, the Fluvial-12 model allows the user to specify the name and extension for the output file, 

thus if the user has Fluvial-12 write the results to a text file no further preparation is needed. If there is 

an existing output file that is not saved as a text file, then simply open the file in a text editor and save a 

copy as a text file. The output file can then be loaded by the Fluvial-12 GUI. It is very important when 

obtaining or installing the Fluvial-12 GUI that all of the files are present otherwise the program will not 

function properly. In the folder where the application is located shou ld have all of the following files: 

" Fiuvial12 GUI.exe", " Fiuvial12 GUI.pdb", " Fiuvial12 GUI. xml" and " lnterop.Scripting.dll". The folder 

should look simi lar to the folder in the figure below. 

Q v • Computer • local Dis~ (C:) • Flu12_JunU012 • fl o2dresultsgui 

Organtze • Include in library ... Share with • 

Name 

Desldcp 0 Fluvia112 GUI 

Downloads 

~ Recent Places 

..- librari~ 

~ Documents 

jJ Music 

[Q Pictures 

Videos 

w Fluvial 12 GUI.pdb 

""' Fluvial 12 GUI 

& Interop.Scripting.dll 

SAMPLE 

Fluvial-12: Tips & Tools 

Burn New folder 

Date modified 

41101200915:47 

2/4/2009 21:55 

2/4/2009 21:55 

2/4/2009 21:50 

2/25!2009 20:48 

Type 

Appltcation 

PDB Frle 

XML Document 

Applic~tion extens ... 

T rn Document 

Engineering Applications Development and River Mechanics Branch 
Engineering Division 
Flood Control District of Maricopa County 

T +~ [ Search fioldr<>u /tsgur ~ 

Size 

79KB 

106 KB 

1 KB 

32 KB I 

13,846 KB 
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To start the program double click on the Fluvial12 GUI application, the figure below shows the Fluvial12 

GUI window. 

D-j FllMAL 12 GUI 

lead Output File... Select Cross St!ction 

locp 

Step 

Start 

Step Previous t 

StepNert 

End 

Jump To 

Change Spe~d ... 

• Show In Profile Edit Grid Seal~ 

Tim6tep TimeHour wsEievat ion wsWidth wsOepth chFiow chVelocity chSiope chFroude ch050 

To load an output file, click on the "Load Output File ... " button and then navigate to the file location. 

a-;l Fl\MAl12 GUI 

loop 

Sop 

S art 

Step Pre-.1ous 

S ep N 

End 

Jump To 

Change Speed 
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<i' « Flu12_J une20>ll2 ~ flto2dresuitsg.ui ...- ~t- Search flo2dresultsgui 
~~========~~==~~ 

p 

Organiize ..,. New folder 

[] Documents "' 

Jl Music 

~ Pictu res 

Videos 

Ill Computer 

LocaJ Dtisk (C:) 

arcgi.s 

F12Release 

fcdmc 

FCDMCtesting 

Flu12_June201:i 

HEC1 

HEC2 

HEC6 

Nam e 

LJ SAMPLE 

Filename: 

m 

~== ... !;!--

Date modifi ed 

2/ 25/2009 20:48 

[Text Files (*.txt) 

_Qpen j-..j [ 

Type 

Text Documo 

Cancel J 

After opening this file in the Fluvial12 GUI it will display the first cross section in the window. 
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oj FLUVIAtll GUJ- SAMPLE. TXT 

load Output File... St:lect Cross Section 00+00.00 • Show In Profile Edit Grid Scales 

loop e 
Stop v 
Start !! 
StepPrMous I( 

2845 

StepNect ! 
End 

2840 
Jump To =-
Change Speed • 

2835 

2830 

2825 

I 

1\ 
I 

\ 
\. 

~ / 
2820 

0 200 400 600 800 1000 1200 

StOJY.01!90 Hour:3JO WS El""' 2827.43 WS W.dth' 759.30 WS Depth' 2.93 Fl ow. Ul.OO Volc<;ty. 0.21 Slope 0.00004 Frcude 0.04 d50' 0.43 

To change the cross section click on the "Select Cross Section" pull down menu indicated by the blue 

arrow and to change to profile view click on the "Show In Profile" button indicated by the red arrow. If 

the default window extents do not contain the plot then click on the "Edit Grid Scales" button indicated 

by the yellow arrow, this will al low the user to enter extents . The buttons indicated by the green arrow 

and box can be used to run and control an animation of the model results or to step through each time 

step, this can be run for every cross section as well as the profile . 
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aj FllMAl U GUI- SAMPLE. TXT 

~1«1 c.-ou S«tten 00 · 00.00 • Show ln Prcf1le Ed Gnd Suln: 

locp 

t t Stop 

SUn 

Step Nat 

End 

lump To 

2830 

2825 

2820 

0 200 400 600 800 1000 1200 

Sttp, 0/190 Hour: 3JO WS Eltv. 1827A3 YIS Wodtl. 759.30 WS 0.,., 2.93 Flow: Ul.OO Vdoc•ty. 0.21 Slope 0.()00()4 Froude: O.QJ dSO: OA3 

When the "Show In Profile" button is clicked the window should show the results in profile as shown 

below, if the window does not change automatically then try clicking on it again, clicking in the plot area 

or resizing the window. 

·~ FllN!Al12 GUI- SAMPLE. TXT 

lead Output File... Select Cross Section 00+00.00 ·I Show In Profile I Edit Grid sc.,res 
l oop ~ 

Stop :J 

Start ~ 

Step Previous rf 3050 

Step Next .!, 

End ~ 
3000 

Jump To $-

Change Speed _ · 

2950 

I 
2900 f 

i 
2850 

r-

2800 

0 2000 4000 6000 8000 10000 12000 14000 

Sttp' 0!190 Hour. 310 WS El""' .1827.43 WS w;dth' 759.30 WS Dopth' 2.93 Flow. l32.00 Velocity: 0.21 Slope: 01)()004 Froude: 0,04 

In the animation, the changes in the bed are illustrated by color. In the window the black line indicates 

the initial, or input bed conditions . The green line shows the bed condition at the current time step. 
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The blue line and aqua shaded area indicate the water surface and flow area during that time step. This 

is illustrated in the figure below. 

•71 FLWIAL12 GUI· SAMPLE.TXT 

load Output Fil~.. Seled Cross Section ~~i@~?tJ~O[Ii!ilffil · l Show ln Profile Edit Grid Scales 

l oop '3 
Stop .:-
Start !! 

Step Previous '" 
2875 

L Step Ned .:- 2870 
End !!-

Jump To .:, 2865 
Change Speed · 

2860 

2855 

~ 2850 

~ 

I 
I 
I 

2845 

2840 

2835 

0 100 200 300 400 500 600 700 

Step: 125/190 Hour: 17.72 WS Elov: 2845.98 WS Width: 399.40 WS D•pth: 7.25 Flow: 6684.00 Vo!cdty: 6.14 51ope0.00720 Froude 0.66 d50:2.45 
-

Example 
In this examp le we will start with an input file " test . flu " and an output file "test .out" to demonstrate 

how to use the application . To begin, ensure that the folder contains all of the required files. In this 

case the FL12.exe has been copied into the folder along with the test fi les. The GUI files mentioned 

previously are all located in the fo lder, this is shown below. 

• Computer • l ocal Disk: (C:) • Flu12_June20ll • flo2dresultsgui 

Organize • Include in libr.uy • Share with • Burn New folder 

* FiitVorites 
Name Date modified Type sc. 

!IJ Desktop [!] FU2 518/ 2012 16:47 Application 5;>15 KB 

Downloads 0 Fluvial12 GUI 4/10/.2009 1.5:47 Appltcation 79KB 

~ Recent Places u Fluvial 12 GUI.pdb 2/4/.2009 21:55 POB Fol• 106 KB 

c=J Fluvial U GUI 2/4/ .2009 21:55 XMl Document 1 KB 

libraries ~ Interop.Scripting.dll 2/4 '.2009 21:50 Application extens ... 32 KB 

13 Documents .J SAMPLE 21251.1009 20:-18 Tot: Document 13.846 KB 

./1 Music jj test 8/ 2B/20llll :17 FLU Fi le 62 KB 

~ Pictures ~ test 8/2l!'2012 11:17 OUTFole 373 KB 

Videos 

First we will show how to save the exist ing " test .out" file as a text file . Open the fil e with Notepad or 

another text editor. 

' 
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]I ti!St- Note:pdd 

fi le Edrt Format V i~ Help 
1 ***"' ................................... * ....................... ,. •••••• "'* 

"' FLUVIAL - 1 2 SIP.1ULATION OF RIVER HYDRAULICS, * 
SEDIMENT TRANSPORT AND RIVER CHANNEL CHANGES 

FOR USE BY HOWARD H. CHANG 
...... "' ........ "'. * ••• * .... * •• * ••• * .......... * ••• * •• " ... * * .... *. * ... .. 

i 
Organi2e ..,. Newfoldr:r 

Name 

G • Oesldop w SAMPLE 

~ ~ :::~·:.::., E 

0dte modified 

2F'.L.512009 .Z.0:-'8 

Type 
.00 

T~ Doct . 00 
.00 
.00 
.00 

ao. oo 
0 .00 
4 . 50 
5 . 70 
8 . 75 

~ * Favorites ~ 

G . 00 5. 00 

~ ;a librari~ : gg 1t gg 
G [] Documents 

~ Jl Music : gg 8: gg 
~ ~ Pictures : gg sg: gg 
~ Vi deos , : ~g 37808 : ~ 

~ File nam~ "testl .txt• .... • 00 
X .00 
~ Save as type: [r m Dccuments( ... txt) ... j . l O 

G . 20 

~ ... HideFolders Encoding::L[ AN_ SI ____ __J• [ ._j_ Sav_ •___.J Ll _ c,_n<_•l__j : ~~ 
G .00 
g'R.~~~~~~~~~~~~~~~~~~~~~~-~~~l~t~so:~g 
GR 1152.10 
GR 1154 . 7 5 
GR 11 50 . 10 
GR 11 58 . 10 
GR 11 66.10 
GR 117 0 . 10 
X1 0 . 00 
X3 
GR 1160 . 1 0 
~ u~e 
GR 1156 . 10 
GR 11 56 . 43 
GR 1158.10 

0.00 
0 . 00 

14 .00 
34 . 00 
92. so 

241.00 
d05 . 67 
596.00 
794 .00 
92 5.00 

101 5.00 
11 57. 50 
1 319. 00 
139 5.00 
ldl5 . 00 
154 9.00 

0.00 
23.00 
16.00 

1 51. 50 
304 .00 
4 8 5 . 83 
695 . 00 

After the file has been opened go to " File" then "Save As" and in this case "testl.txt " is entered to 

ensure that it is saved as a text file. This file could now be input to the Fluvial12 GUI. The other option 

is to have Fluvial-12 create the output file as a text file. To do this click on and open the FL12 

application, Fluvial-12 is a DOS based application, so this w ill open a DOS window. In the window it 

prompts the user for th e input file name, enter "test.flu " and press enter. It will then prompt t he user 

for the output file name, enter "test.txt " and press enter. The window is shown in the figure below . 
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.!J C:\ Fiu12_June2012\ flo2dresultsgui\FU2.exe 

The model will then run and generate the text output file "test .t xt " in the folder. 

Now open the Fluvial12 GUI application . 

•x fLUVIAlll GUI 

load Output File... Select Cress Section 

loop 

... Show In Profile Edit Grid Scales 

Stop 

Start 

Step Previous 

Step Nect 

End 

Jump To 

Change Speed 

TimeStep TimeHour wsEievation wsWidth wsOeptn 

Then load th e "test . t xt " f ile into the GUI. 
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' 
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a'" Open 

Organi!Ze ... New folder 

~ Documents "' 

Jl Music 

~ Pictures 

Videos 

~ Computer 

Local Di;sk (C:) 

a regis 

F12Release 

fcdmc 

FCDMCtesting 

Flul2_J'une201~ 

HECl 

HEC2 

HEC6 

Narne Date modified 

SAMPLE 2/25/2009 20:48 

[ u test 8/28/201218::1.2 

tesU 8/28/201217:59 

File name: test ... [ T e.t Files (*.txt) 

The first cross sect ion is then disp layed in the window. 
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Qpen j ... ) [ 

I 
I 
I 

Type I 
T e.t Docurn• I Te.t Docum• 

Te.t Docurn• 

I 
I 
I 
I 

... ] I 
Cancel ] 
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oj Fl lMAl U GUI · test.txt 

lead Output File... Select Cross Section 1006+60.00 ~ Shew In Profile Edit Grid Seal~ 

loop e 
Stop '.) 

Start ~ 

Step Previous '7 1175 

Step Next !) 

End !!. 11 70 

Jump To ; 
Change Speed . ~ 

11 65 

; 
1160 

1155 

11 50 ~ 1\ .-.. 1( '\ r 
v 

11 45 

0 500 1000 1500 

Step' 0/4 Hour: 3.65 WS El= 1152.66 WS Width' 9JS.20 WS Dopth' 4.D6 Flow. 3000.00 Velcdty.1.90 Slope 0.00100 Froude 0.26 d5(),0.50 

Now cl ick on t he "Loop" button on the left side of t he window near t he top. This wi ll begin t he 

animat ion of t he mode l res ults. 

•:t FllMAl12 GUI- test .txt 

Load Output File... Select Cross Section 1006•60.00 • Show In Profile Edit Grid Scales 

l oop ~ 

Stop !I 

Start !V 
StcpPrcvious f'i' 

11 75 

Step Next !.1 
End .t!. 1170 

Jump To ;01 

Change Speed · 
1165 ~ 

;' 
II 

1160 

1155 

11 50 

r-

~r ~'\ ,-... 
1145 

0 500 1000 1500 

Step' 1/4 Hour: 552 WS Elev: 11.56.68 WS Width: 1349.30 WS D~th: 7.93 Flow: 35241.00 Velodty: 5.45 Slope: 0.00204 Froude: 0.44 d50'0.54 

2000 

2000 

Now go t o the "se lect Cross Sect ion" pu ll down menu and se lect cross section 1077+75.00 f rom the list, 

you can do th is while the animation is still running. You can also change cross section by scro ll ing with 

the mouse . This is shown below. 
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m} FllMAL 12 GUI · test.txt 

load Output File ... Select Cross Section [!lfUffiJ,&II•t'!;f•!!!J:• •• · Shew In Profile Edit Grid Scales 

l oop !3 

Stop V 

St11rt 

Step Previous ,., 11 90 

Step Nect 

End 

Jump To 

! 1185 

!!.- 1180 

:, 11 75 
Chan ge Speed ~ 

1170 

1165 

11 60 

11 55 

1150 

1145 

11 40 

11 35 

'1 

~ 
tl 
w 

0 500 1000 

I l 
I 

{~ 

I 
I 
I 
I 
I 
I 

1500 2000 

Step' 1/ 4 Hour: 5.51 WS Elev. 1172.88 WS W.dt'" 1438.90 WS Depth' 35.38 Flow. 35241 .00 Vele<ity. 0.88 Slope 0.00001 F<oude 0.03 

r 

2500 

Now click on the "Show In Profile" button at the top of the window in the middle. This changes the view 

to profile, the graphics might not refresh immediately. If the graphics do not change to the profile view 

try clicking around the window or resizing the window. The window with the profile view is shown 

below. 

&J FluvtAl12 GUI - test.txt 

l oad Output File... Sc!lcct Cross Section IUUAfj• 1 

l oop e 
Stop =-
Surt ~ 

Step Previous r; 1260 

Step Next .!J 

End !!) 1240 

Jump To :.; 

Change Speed · 
1220 

1200 

11 80 

11 60 :::-

·I Shew In Prcfile I Edit Grid Scales 

~...----" --- -
~ 

11 40 

100000 102000 104000 106000 

Hour: 5.52 WS Elev. ll7l.88 WS Vfodt'" 1438.90 WS Depth' 35.38 Flow: 3524U l0 

Fluvial-lZ: Tips & Tools 

108000 

Velocity: 0.88 

Engineering Applications Development and River Mechanics Branch 

Engineering Division 
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' 

- /\ / 
11 0000 11 2000 11 4000 

Slope 0.00001 Froude:0.03 
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As can be seen the extents being shown on the plot are not sufficient, thus the default plot extents must 

be changed. To do this click on the "Edit Grid Scales" button on the top right side ofthe window, that 

will open the window shown below. 

Grid Scales ~ Grid Scates ~ 

X Axis Y Axis X Axis Y Axis 

Max j114000 Max !12SO Max 11 4000 Max 12€0 

Min 1100000 Min 11140 Min 100000 Min 11 0~ 

Major 12000 Major 120 Major WOO Major 20 

~ Automatic C.) User '~ Automatic @l User 

Click on the user control button and change the extents so that the entire profile can be seen, the new 

plot is shown below. 

•,. FllMAlll Gln · test.txt 

l oad Output File... Select Cross Section IUUAtJn 
l oop 5 
Step !J 

Start !9 
Step Previous t7 

1260 

Step Ned 

End 
!J 1240 

JumpTo ~ 1220 
Change Speed · 

1200 

1180 

1160 

11 40 

1120 

11 00 

100000 

--

102000 

· I Show In Profile I Edrt Grid Seal~ 

-
-

104000 106000 108000 

Hour: 5.52 WS Elev. 1172.88 W5 W.dtrr.1438.90 W5 D•pth' 35.38 Flow: 35241.00 V•locity: 0.88 

110000 112000 114000 

Slop~ 0.00001 Froude: 0.03 

The animation can also be run in the profile view. The yellow and red area highlighted in the profile is 

the selected cross section from the pull down menu or the last se lected cross section . The other 

contro ls on the left ofthe screen can be used to stop and start the animation, step through the time 

steps manually or adjust the speed of the animation. On the bottom of the window is a bar, this bar 

displays the results at the current time step for the se lected cross section . 

' 
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Fluvial- 12 Plot Program 

Introduction 
The Plot or PLOT2012 programs are a tool developed by Howard Chang that aids in retrieving 

data/results from the Fluvial-12 output files. It allows the user to specify what data is needed and at 

what time(s) during the simulation . The program then retrieves this data from the output file and 

creates new files that contain the data in tabular text files. These files can then be copied into Excel or 

other programs for easier manipulation and presentation of the data. There are a few other capabilities 

of this program but this document focuses on extracting data from the output file . Given below is brief 

tutorial on how to use this program . 

Running the Program 
To setup the program, first copy the PLOT program into a new folder and then copy the *. out file for the 

model. 

GJ[§;J~ 
0 •1 ~ ~ Computer • l ocal Disk (C:) • projects • test · J•t Jl Search test PI 

I,........_._ 
Organize • Include in library • Share with • Burn New folder ~== . Eli! ~ 

' A 

Favorites Name Date modified Type Size 

• Desktop I!J Pl 0T2012 6128n012 10:24 AM Application 589 

Downloads I i!J T estData 4/18/ 201211:47 AM OUT File 505 

'tiJ. Recent Pl~ ces 

" l ibraries 

{3 Documf!nts 

jJ Music 

~ Pictures 

Videos 

I• 
~~ Computer 

I" l ocal Disk (C:) 

a regis 

common 

Fl2Release 

fcdmc 

FCDMCtestir 

Flu12_June20 

HEO 

HFC? 
. ' Ill ' 

J~ 
2 items 

Double click on the PLOT application to launch the program; this will open a DOS window. In this 

window the user must first specify the name ofthe file being input into the program, this is the file 

copied into the folder, please note that the file extension (ex. *.out) must also be specified . Then 

specify a name for the output from the PLOT program. 
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The next prompt allows the user to choose the type of input file being given to the PLOT program, in this 

case type 2 into the window since an output file is being input. 

Next the program asks if the user wants to convert English to metric output, enter N into the window 

unless the user wishes to co nvert the output. 
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The program then asks for the river stationing multiplier, enter 5280 for English unit system or 1000 for 

metric. 

The next input is the station ofthe most downstream cross section, it should be noted that in the 

newest version of this program (PLOT2012) that the program copies the stations from the file input into 

the program, previously the program used this river station as a starting point and added the reach 

lengths from the model instead of copying the stationing. 
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The program then asks if the user wishes to open the files for the cross sections, unless otherwise 

desired enter Y. It should be noted that theY or N must be capitalized; a lower casey may cause the 

program to malfunction. 

The next prompt asks the user if they want to generate new files or append to old files, enter 1 to 

generate new files unless otherwise desired . 
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The next prompt allows the user to enter two points in time during the simulation to report the results 

besides the initial conditions; these should be the same as time steps reported in the output file. 

ID C:\ projects\test\ PLOT.201l.EXE 

The program then allows the user to choose which variables the user wishes the program to report . 
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!.!] C:\projects\ test\ PLOT20U.EXE 

If the sediment parameters are selected then the program will prompt the user to enter the multiplier 

for the sediment load and divisor for the sediment yeild for the time steps selected . 
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.!J C:\projects\test\PLOT2012.EXE 

When user has entered this data the program will then complete its run, no other input is needed . 

Results/Output Files 
After these have all been entered the program will finish its run. Then the user can check the project 

folder to see the files generated by the PLOT program . 

• Computer • l ocal Disk {C:} • prcjects • t~ 

Organize • Include in library • Share with • Burn N~folder 

* Favcrit~ Name Date modified Typ< 

• D~ktop ..!j fcrt 7130/l!JU l:.$9 PM 3Ftle 

....a Downloads [!] PLOT20ll 6!28/ 2!ll1.10:2.4M1 Application 

~ Re<cnt Places u TBU 7 f30f10111:47 PM File 

U TBll 7130/2012.1:49 PM File 

Ubrarii!S u ra 7130/20121:49 PM File 

[!! Oocum~nts U TCl 7!30/2012.1:49 PM Fife 

Jl Music u ro 7(30/20121:49 PM File 

~ Pictu~ U TC4 7/~/l!J121:49 PM File 

Videos U TC5 7130/ 20121:49 PM File 

U TC6 7{~/20121:.49 PM File 

~~ Comput~r u ra 7flJ/ l0121:49 PM File 

~ locaiOislc {C:) u r cs 7/30!20121:49 PM file 

arcg is l.J TC9 7flJ/ 20121:49 PM File 

u roo 7!30/20121:49 PM File 

F11R~Ius~ L TO! 7 130!2012 H9 PM File 

fed m e lu TDSO 7/30/20121:49 PM File 

FCOMCtestir l.J I..U 7/30/201n44 PM File-

Flul l_JunUO ~ TestOata 4/18/201111:47 AM OUT File 

HEO LJ TQSl 7{30!2011.1:48 PM File 

HEC2 l.J TQS2 7!30{2011. 1:49PM File!-

HEC6 U TSUM 7!30/ 2011.1:49 PM File 

HECEXE l.J TW 713012011.1:49 PM File 

lntcl U TWSI 7(30!20121:47 PM File 

P~rflogs u TWS2 7!3012011.1:49 p,. ... , File 

Program Fi l ~ l.J T'IY 7(30!2012.1:49 PM File 

Program Fi l ~ 

projern 

25 items 
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.589 KB 

IKB 
I KB 

6KB 

9KB 

9KB 
81<8 

8 KB 

8KB 
10 KB 
9KB 
8KS 

8 KB 

8 KB 

5 KB 
5051<8 

I KB 

I KB 

3KB 

2KB 

I KB 

I KB 
2 KB 
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Shown above are most of the fi les generated by the program . The TSUM file contains a summary ofthe 

data requested in multiple co lumns. This file does not contain any labels for the table. In this file the 

first column is the river stationing. The next column is the max water surface elevation . The next 

column is the initia l channel bed elevation. The forth column contains the channel bed elevation at the 

first time specified and the fifth column contains the channe l bed elevation at the last time specified . 

'] TSUM - Notepad [£]~~ 
Fil~ Edit Form at View Help 

19 . 0 700 1156 . 6700 1148 . 6000 1148.6300 1149. 1300 . r 19. 1600 1158.0300 1150 . 2000 1150. 5000 1150. 5000 
19.2600 1159. 6400 1152.0000 1152 . 6 700 1153 . 0200 
19. 3500 1161.8300 11 54.9000 1152.8600 1151.9000 
19. 4500 1164 0 2800 1155.6000 1155.6300 1155 . 6500 

1 19. 5400 1165.5699 1157 .1000 1157 .2300 1157 . 5000 
19. 6400 1166.6600 1159 . 4000 1159. 5901 1159 . 8800 
19.7300 1167. 8800 1160.2000 11 59 . 6500 1159. 3800 
19.8300 1169. 74 00 1162 0 0000 1161. 7200 1161. 2700 
19.9200 1171.2800 1163. 1 000 1163. 2200 1163.0200 
20 . 0000 1172 .3300 1164.1000 1163.1100 1162.5199 
20 . 0200 1172.8700 11 31. 0000 1131.0000 1131.0000 
20.1100 1172 . 8 700 1132 . 4000 1132 . 4000 1132.4000 
20 . 2100 117 2 . 8700 1133 . 9000 1133.9000 1133 . 9000 
20.2900 117 2 . 8700 1135.3000 113 5.3000 113 5.3000 
20 . 3400 1172 . 8800 1136 . 0000 1136.0000 1136 . 0000 
20.3900 1172.8800 11 36 .7000 1136. 7000 1136. 7001 
20.4000 1172.8800 1136 . 8000 1136.8000 1136. 8000 
20. 4 500 1172.8800 1137 0 5000 1137 . 5000 11 37 0 5000 
20.4800 1172.8800 1138.0000 1138.0000 1138. 0000 
20 . 5800 1172 . 8800 1139 . 4000 11 39 . 4000 1139 . 4000 
20.6700 11 72 . 8800 1140 . 9000 1140.9000 1140. 9000 
20. 7700 1172 .8800 1142. 3000 1142.3000 114 2.3000 
20.8600 117 2 . 8900 114 3.6000 114 3.6000 114 3.6000 
20 . 9600 1172.9000 1144 .7000 1144. 7001 1144. 7001 
21.0600 1172.8900 11 39 .1000 1139. 1000 1139 . 1000 
21.1600 1172.9100 1148. 7000 1148 .7001 1148. 7001 
21.2500 1172 .9200 1126.1000 1126 . 1001 1126.1000 
21. 3400 1172 . 9200 1139.2000 1139. 2001 1139.2001 
21.4300 1172.9200 1137 .9000 1137 .9000 1137 .9100 
21. 5200 1172 0 9100 1145.4000 1145. 4000 1145. 4000 
21.6200 1172 .9301 1149. 5000 1149.5000 1149 . 5000 

The TBLl and TBL2 files show the stationing and requested data, in this case the bed elevation, at the 

times requested . This file actually included headings unlike most of the files generated by this program . 

TBLl is shown below, the first column is the river stationing and the second column is the bed elevation. 
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~ TBU • Notcp.1d 

Filt Edit Format V"~ Help 
TIM£ ., 5. 50 X 8€0 ELEV. 

19. 0700 1148.6300 
19.1600 1150.5000 
19.2600 llSl . 6700 
19.3500 1152 .8600 
19.4500 1155 . 6300 
19.5400 1157 .HOO 
19. 6400 1159.5901 
19.7300 1159 . 6500 
19. 8300 1161. 7200 
19. 9200 1163.2200 
20.0000 1163.1100 
20.0200 llll.OOOO 
20.1100 1132.4000 
20 . 2100 1133.9000 
20.2900 1135.3000 
20. 3-400 1136.0000 
20. 3900 1136. 7000 
20.4000 1136. 8000 
20.4500 1137 .5000 
20.4800 1138.0000 
20 . 5800 1139.4000 
20. 6700 1140. 9000 
20. 7700 1142.3000 
20 . 8600 114 3. 6000 
20.9600 ll44. 7001 
21.0600 1139.1000 
21.1600 1148. 7001 
21. 2500 1126.1001 
21. 1400 1139. 2001 
21.4300 1137.9000 
21.5200 1145.4000 
21. 6200 1149. 5000 

The TCl, TC2, .. . TC# files contain data for each cross section in the model, there were generated 

because yes was selected for the cross section files . The cross section data files have the results for 

three time periods the initial and the two requested . They are all shown in the same file, the first pair of 

columns is the initial values so the first column is the cross sectional stationing and the second column is 

the elevation. The second pair of columns follows the same format (station and elevation) and is for the 

first time specified . The last pair of columns is for the last specified time. There are no labels in the file 

itself. 

]J ra-Not...., 
Fil~ Edit Fomut ~~ Help 

I 0.0000 1167.1000 0.0000 1167.1000 0.0000 1167. 1000 
16.0000 1166.1000 16.0000 1166. 1000 16.0000 1166. 1000 
22.0000 1164.1000 22.0000 1164.1000 22.0000 1164.1000 
28.0000 1162.1000 28.0000 1162.1000 28.0000 1162.1000 
34.0000 1160.1000 34.0000 1160.1000 34.0000 1160.1000 

II 
40 . 0000 1158 . 1000 .so. 0000 1158. 1000 40 . 0000 1158.1000 
46.0000 1156. 1000 46 . 0000 1156.0601 45.8000 1155.8700 
52.0000 1154 . 1000 52 . 0000 1154.0601 51.8000 1154.0699 
57.0000 1152.1000 57.0000 1152 . 1200 57 . 0000 1152.4200 
92.5000 1151.2000 92.5000 1151. 2300 92 . 5000 1151 . 6400 

128.0000 1150.3000 128.0000 1150.3300 128.0000 1150. 7800 
156.5000 U51.2000 1 56.5000 1151.2300 1 56.5000 1151.6400 
185 . 0000 U52.1000 185.0000 1152. 1 200 185.0000 1152 . 4200 
211 . 0000 1153 . 8000 211.0000 1153 . S199 211.0000 1154.0400 
241.0000 1152.1000 241.0000 1152. 1 200 241.0000 1152.4 200 
288 . 0000 1152.1000 288.0000 1152. 1 200 288 . 0000 1152.4200 
315.5000 1152.1000 315.5000 1152 . 1200 31 5.5000 1152.4200 
343.0000 1152.1000 343.0000 1152. 1200 ]43.0000 1152.4200 
356.0000 1152.1000 356.0000 1152.1200 356 . 0000 1152.4200 
405.6700 1152.7700 405.7000 1152. 7800 405 . 7000 1153 . 0200 
455.3300 1153.4301 455.3000 1153.4500 455 . .:1000 115 3.6400 
505.0000 1154.1000 505.0000 1154 . 0601 505 . 0000 1154 . 0699 
541.5000 1153.1000 541.5000 1153.1100 S4l. 5000 1153.2800 
578.0000 1152.1000 578.0000 1152 . 1200 578.0000 1152 . .:1200 
596 . 0000 1150.1000 596.0000 1150.1300 596.0000 1150.5800 
626 . 0000 1149.8000 626.0000 1149.8300 626.0000 1150. 3000 
665.0000 11 50.1000 665.0000 1150.1300 665.0000 1150.5800 
710.0000 1151. 1000 710 . 0000 U51.1300 710.0000 1151.5500 
752.0000 1150. 6000 752 . 0000 l150. 6300 752.0000 1151.0699 
794.0000 1150.1000 794.0000 1150.1300 794.0000 1150.5800 
808.0000 1150. 1000 808.0000 1150.1300 808 . 0000 1150.5800 
842 . 5000 1150.1000 842 . 5000 U50.1300 842.5000 1150.5800 
877 .oooo 1150.1000 877.0000 1150.1300 877.0000 1150. 5800 
899 . 0000 1150.1000 899.0000 1150.1300 899.0000 1150.5800 
925 . 0000 1150.3000 925.0000 1150.3300 925.0000 1150. 7800 
951.0000 1150.5000 951.0000 1150.5300 951.0000 1150.9700 
981. 5000 1150.3000 981.5000 1150. BOO 981.5000 1150.7800 

1 012.0000 ll50 . 1000 1012.0000 1.150.1300 1012.0000 1150.5800 
1017.0000 1150.1000 1017.0000 1150.1300 1017 .0000 1150.5800 
1025.0000 1152.1000 1025.0000 1152.1100 1025.1000 1152.3600 
1030. 0000 1154 . 1000 1030.0000 11 54.1100 1030.0000 1154.3199 
1066.0000 1154.1000 1066.0000 1154. 1000 1066.0000 1154.2700 
1097.0000 1154.7500 1097.0000 1154.7300 1097 .1000 115.:1.6200 
1128.0000 1155 . 4000 1128.0000 1155. 3900 1128.0000 1155.3700 
1.157. 5000 11;4. 7 500 1157.5000 1154 . 7300 1157 .4000 1154.6200 
1187. 0000 1154.1000 1187. 0000 1154 . 1000 1187 . 0000 1154. 2700 
1 235.0000 1152.1000 1235.0000 1152.1100 1234.9000 1152 . 3600 
1 276.0000 1150.1000 1276.0000 1150. 1300 1276.0000 1150. 5800 
1291.0000 ll48. 6000 1291.0000 1148.6300 1291.0000 1149.1300 
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The TWS1 and TWS2 files show the water surface elevations at the times requested for every cross 

section . The first column shows the river mile stationing and the second column gives the water surface 

elevation at the time specified . This file contains labels in the file. 

I i]-TWSl- Notep"~ 
Fie Edit Format v-,_ Help 

I TDIE - s. 50 X w. s. 
19.0700 1156.6700 
19. 1600 1158.0300 
19.2600 1159.6400 
19. 3500 1161. 8300 
19.4500 1164 . 2800 
19.5400 1165.5699 
19. 6400 1166. 6600 
19. 7300 1167 . 8800 
19.8300 1169.7400 
19.9200 U71. 2800 
20 . 0000 1172 . 3300 
20 . 0200 1172. 8700 
20 . 1100 11 72 . 8700 
zo. 2100 11 72 . 8700 
20 . 2900 1172. 8700 
20 . 3400 1172. 8800 
20.3900 1172 .8800 
20 .4000 11. 72. 8800 
20.4 500 1172 .8800 
20 . 4800 11 7 2. 8800 
20 . 5800 1172 .8800 
20.6700 1172 .8800 
20.7700 1172.8800 
20.8600 1172 .8900 
zo. 9600 1172 .9000 
21.0600 1172. 8900 
21. 1600 1172. 91 00 
11 .1500 1172 .9200 
21 .3400 1172. 9200 
21.4300 11 72 .9200 
21. 5200 ll72. 9100 
21.6200 1172. 9301 

The TVV file contains velocity data at the times requested . In this file there are no labels . The first 

column is the river mile stationing. The second column is the velocity at the first time specified at each 

stati on and the last column is the velocity at each station for the last time specified. 
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~ TW- Notep1d ~!;Q!l 
File Edit ''""" v;.,. Help 

19.0700 5.4400 3. 5600 
19 . 1600 5. 0100 3. 7300 
19.2600 5 . 0900 4.4300 
19.1500 6 . 5700 3. 7600 
19.4500 4 . 7000 4.4200 
19.5400 4, 3500 3. 7200 
19.6400 4.1300 3.2700 
19.7300 5.1500 3. 6100 
19.8300 •1.'#400 3. 5400 
19.9200 4, 6000 3 . 2000 
20 . 0000 4. 5600 2. 73 00 
20.0200 0.6700 0.1600 
20.ll00 0. 7100 0.1700 
20.2100 0. 7700 0. 1700 
20.2900 0.7900 0.1800 
20.3400 0.8300 0.1900 
20.3900 0.8500 0.1900 
20 . 4000 0.8500 0 . 1900 
20.4500 0 . 8 700 0. 2000 
20.4800 o. 8900 o. 2000 
20.5800 0 . 8800 0. 2000 
20.6700 0 . 9400 0.2100 
20. 7700 1.0100 o. 2300 
20.8600 0.7400 0. 3000 
20 . 9600 0. 8100 O. HOO 
21.0600 1.1500 0 . 4900 
21.1600 o. 9700 0.4200 
21.2500 0 . 5000 0. 2000 
21.3400 0.7900 o. 3200 
21.4300 0. 8400 0. 3400 
21.5200 1. 3800 0.6100 
21.6200 1.1800 0. 5200 

The TYY file is the sediment yield at the times requested for each cross section . There are no labels in 

this file. The first co lum n gives the river stationing. The second column gives the sediment yield at the 

first time specified for every cross section and the third column gives the sediment yield for the last time 

specified, sediment yield is in tons. 
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TYV- Notepad [£]0000 
File Edit Format Vi.w H•lp 

19.0700 1970.0000 8850.0000 
19.1600 2 520.0000 19700.0000 
19.2600 12800.0000 31900.0000 
19.3500 1 7500.0000 39400.0000 
19. 4 500 2620. 0000 16000.0000 
19. 5400 1770. 0000 10600.0000 
19.6400 3690. 0000 14800.0000 
19.7300 7970. 0000 24400.0000 
19.8300 6250. 0000 21100.0000 
19.9200 2140.0000 12400.0000 
20.0000 4350.0000 12900.0000 
20.0200 0. 0388 0.1810 
20.1100 0. 0500 0 . 2220 
20.2100 0. 0523 o. 2490 
20 . 2900 0. 0708 0. 3320 
20 . 3400 0. 0780 0. 3740 
20.3900 0. 0786 0 . 3690 
20 . 4 000 0 . 0698 o. 3390 
20.4500 0. 0930 0. 4240 
20.4800 0. 0610 0.3200 
20.5800 0.1510 0. 6480 
20.6700 0 . 1940 0. 8880 
20. 7700 0 . 2830 1. 2900 
20.8600 0. 0707 1. 9100 
20.9600 0.1320 3. 5800 
2L0600 0. 3000 8. 3100 
21.1600 0.1590 4.4 500 
21. 2500 0. 0171 0.4600 
21 . 3400 0.1240 3. 3500 
21.4300 0 . 1660 4.5100 
21. 5200 o. 4850 14 . 0000 
21.6200 1. 2700 34 .8000 

The TQS1 and TQS2 contain sediment results at each time period requested . The first column is the 

river mile stationing and the second co lumn is the bed material discharge at each cross section at the 

time specified . This fi le contains labe ls for the table. 
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~ TQSI - Notepad 

File Edit Format View Help 

TIME - 5. 50 X QS 
19.0700 71 7 . 0000 
19.1600 698.0000 
19.2600 3227 .0000 
19. 3500 4050.0002 
19. 4500 945.0000 
19. 54 00 340.0000 
19. 6400 1444. 0000 
19.7300 1457.0000 
19. 8300 1617 .0000 
19. 9200 809 . 0000 
20.0000 1 224 . 0000 
20.0200 0. 0000 
20.1100 0. 0000 
20 . 2100 0. 0000 
20. 2900 0. 0000 
20. 3400 0. 0000 
20. 3900 0. 0000 
20.4000 0. 0000 
20.4500 0 . 0000 
20.4800 0. 0000 
20. 5800 0 . 0000 
20. 6 700 0 . 0000 
20. 7700 0. 0000 
20 . 8600 o. 0000 
20 . 9600 o. 0000 
21.0600 0 . 0000 
21.1600 0. 0000 
21.2500 0. 0000 

I ~ l i 
21. 3400 o. oooq 
21.4300 0 . 0000 
21. 5200 1. 0000 
21. 6200 1. 0000 II 

The TDSO file contains the DSO at each time requested for each cross section . There are no labels in this 

file . The first column contains the river stationing. The second column contains the DSO for each cross 

section at the first time specified. The third column contains the DSO for each cross section at the last 

time period specified. 
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'A) TD50 - Nott!pad ~I 0 I~ 
File Edit Format View Help 

19.0700 4. 3300 2 . 9 500 
19 . 1600 2 .5600 2.8600 
19 . 2600 3. 6600 4 . 2900 

ll 
19 . 3500 5. 0100 5.6500 
19 . 4 500 2 .9800 3. 2900 
19 . 54 00 2 . 4 000 2.1800 
19.64 00 2 . 2700 2. 4100 
19. 7300 2 . 14 00 2.2 500 
19.8300 1. 9900 2.1200 
19 . 9200 1. 5800 1. 61 00 
20.0000 1. 7800 2.0300 
20.0200 1 .6600 1. 6600 
20 . 1100 1 .6800 1. 6800 
20 . 2100 1. 7000 1. 7000 
20.2900 1. 7100 1. 7100 
20.3400 1. 7200 1. 7200 
20 . 3900 1. 73 00 1. 7 300 
20.4000 1. 7300 1. 7300 
20.4 500 1. 74 00 1. 7400 
20.4800 1. 7 500 1. 7500 
20.5800 1. 7600 1. 7600 
20.6700 1. 7800 1. 7800 
20. 7700 1. 8000 1. 8000 
20.8600 1. 8100 1. 8100 
20.9600 1. 8300 1. 8300 
21.0600 1. 94 00 1. 94 00 
21.1600 2.0300 2.0300 
21. 2500 2 . 1100 2. 1100 
21. 3400 2 .1 500 2 . 1 500 
21. 4 300 2.1 500 2 . 1 500 
21. 5200 2.1000 2 . 1000 
21.6200 2.0200 2.0200 

Difference between Plot and PLOT2012 
The on ly differnce between the two Plot programs (P lot and PLOT2012} is that in the Plot program the 

river stationing is computed based on the downstream station that the user gives the program and the 

reach lengths in the output file . Where as the PLOT2012 copies the station data from the f ile input to 

the program. The figure below shows the TSUM fil e for both the PLOT2012 (on the left) and the Plot (on 

the right) programs. As can be seen the stationing does not match, this is because the reach lengths in 

the in put file are incorrect. 
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]IT'UO-""""" t~l e !~ I ~T'U4-~ ~ 
file £<it foi!NI v ... Hoi!> fie £<it foflNI v .. Help 

19. 0700 11S6.6700 1148.6000 1148.6300 1149 . 1300 I 19.070 1156.67 1148.60 1148.63 1149.13 
19.1600 1158.0300 1150.2000 1150.5000 1150 . 5000 19.164 1158.03 1150.10 1150.50 1150. 50 
19.1600 1159.6400 1151.0000 1152. 6700 1153.0200 19.155 1159.64 1151.00 1151.67 1153.01 
19.3500 1161.8300 1154.9000 1151.8600 1151.9000 19.347 1161.83 lls.l. 90 1151 . 86 1151.90 
19.4500 1164 . 2800 1155.6000 1155.6300 1155.6500 19.437 116J.28 1155.60 1155.63 1155.65 
19.5400 1165 . 5699 1157.1000 1157. 2300 1157.5000 19.531 1165.57 1157.10 1157.13 1157. so 
19.6400 1166.6600 ll59. 4000 1159.5901 1159. 8800 19.615 1166.66 1159. 40 1159.59 1159.88 
19 . 7300 1167. 8800 1160. 2000 1159.6500 1159.3800 19. i19 1167. 88 1160. 20 1159.65 1159.38 
19.8300 1169. 7400 1162.0000 1161. 7200 1161. 1700 19.814 1169. 74 1161. 00 1161.71 1161.17 
19 .9100 ll il.2800 1163.1000 1163. 2200 1163.0200 19.907 1171.18 1163.10 1163.21 1163.02 
10.0000 117l.ll00 1164.1000 1163.1100 1161.5199 19. 98' 1171. JJ 1164.10 1163.11 1161.51 
10.0200 1172.8700 llll.OOOO 1131.0000 1131.0000 10.007 1172 . 87 1131.00 1131.00 1131. 00 
10. 1100 1172.8700 1132.4000 1132. 4000 1132.4000 IO.CW 1172.87 1132.40 1132.40 1132.40 
10.2100 1172. 8700 llll . 9000 11ll.9000 11ll. 9000 10.186 1171.87 11ll.90 11JJ. 90 11ll. 90 
20 . 2900 1172 .8700 1135.3000 1135.1000 1135 . 3000 20.168 1172 .87 1135.30 LBS. lO 1135 . ]0 
10.3400 1172.8800 1136.0000 1136.0000 lll6.0000 
10.3900 lVI.8800 1136. 7000 lll6. 7000 1136. 7001 

20.116 Ui2.88 11 36.00 1136 . 00 1136. 00 
10.357 1171. 88 1136. 70 lll6. 70 1136. 70 

20. 4000 1171 .8800 lll6.8000 lll6 . 8000 1136.8000 10.370 1171.88 Ul6 . 80 11J6. 80 1136.80 
20.4500 1172.8500 11l7. 5000 lll7 . 5000 1137 . 5000 20.418 1172 . 88 1137 . 50 1137.50 1137.50 
10.4800 1171.8800 1138.0000 lll8.0000 lll8.0000 20.464 1171. 88 1138. 00 1138.00 lll8. 00 
10.5800 1171. 8800 1139.4000 1139. 4000 11 39 .4000 20.560 1172.88 1139.40 1139.40 1139.40 
20.6700 1171. 8800 1140 . 9000 1140. 9000 1140.9000 10.655 1171.88 1140.90 1140. 90 1140. 90 
20. 7i00 1172.8800 1142.3000 1142.3000 1141.3000 10. 74 8 1172.88 1142 . 30 1141.l0 1142.30 
10.8600 1li2.8900 1143.6000 1143.6000 1143.6000 10.840 1172 . 89 1143.60 114 3.60 1143 .60 
20.9600 1171. 9000 1144 .7000 1144.7001 1144. 7001 10.931 1172.90 1144. 70 1141.1.70 1144,70 
21.0600 ll72.8900 1139.1000 1139 . 1000 1139.1000 1l.OU 11 72 . 89 lll9 . 10 11J9.10 1139 . 10 
21.1600 1172 .9100 1148. 7000 1148 . 7001 1148. 7001 11.138 1171. 91 1148.70 1148. 70 1148. 70 
11.1500 1172.9200 1126.1000 1126.1001 1126 . 1000 11.117 1171.91 1116.10 1116.10 1116.10 
ll.J400 1171.9100 lll9.1000 1139.1001 1139. 2001 l!.ll7 1171.92 lll9.10 lll9.10 lll9. 10 
21.4300 1171.9100 Ul7 . 9000 lll7. 9000 1137. 9100 11.405 1172.92 113 7.90 11 37 .90 1137.91 
11.5100 lVI.9100 1145.4000 1145.4000 1145.4000 21.486 1172.91 1145,40 1145. 40 1145. 40 
11.6100 1171.9301 1149.5000 1149.5000 1149.5000 21. 568 1172 . 93 1149.50 1149.50 1149.50 

' ' 

Apart from this one item the programs are the same, all of the inputs are the same. This can be used to 

check the reach lengths against the stationing. But the PLOT2012 should be used to maintain consistent 

station IDs. 
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Other Reviewing Tools 
It shou ld be noted that the tools listed here were developed using Macros inside Microsoft Excel 2010 

and that they might not be compatible with other versions . They were created on Microsoft Excel 2010, 

Version: 14.0.6129.5000 (32-bit) with Windows 7 Service Pack 1. 

Cross Section Comparison Tool 
This tool was developed using Microsoft Excel. The purpose ofthis tool is to obtain cross section data in 

columns for stat ion and elevation instead of the format used in Fluvial-12 input and output files. To use 

this tool, open the Excel file named XScomparison.xltm. Below is a basic set of instructions for the 

program. 

1. Open the XScomparison.xltm Excel file 

2. Ensure that macros are enabled in Excel for your computer 

3. Copy the data into a new sheet in Excel 

a. The data should be copied into cell A1 

b. If Excel does not automatically convert the text then use the convert to text option 

under the Data tab in Excel 

4. This program handles data in the following format: 

a. First column= blank or ID card (ex. GR) 

b. Second column= elevation 

c. Third column= sta tion 

d. Repeat second and third column out to eleven 

e. The program will read until there is a blank row 

f . The program only reads the first 11 columns in the spreadsheet 

5. To run the program: 

a. Go to the Developer tab and select Macros or use Alt+F8 

b. In the Macros window that appears select, orgin izeData then click on run 

c. The Macro will now organize the data into co lumns 

6. The program will produce two columns of data in columns 0 and P, 0 contains the station data 

and P contains the elevation data, a chart is also created which plots the cross section 

7. This program can also be used to obtain columnized data for other parameters, as long as it 

follows the same format 
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OO IIil '1 · I"· ' • XScompari!>Onl • Microsoft Excel 

- Homt lns~rt Page lil'JOIIt Formulas Data Rtvirw Vitw D~eloper 

...,. ~ ~Rtcord ,..·lacro ~ ~ 
b.1!J l:.m ~Use Relative Reltrl!ncts ~ 

Visual Macros Add-Ins (OM 
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ln~ert ~~~i:; fJ Run Dialog 
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Code Add-Ins Controls 
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GR 
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1234.9 1150.1 1275.9 1148.6 
1381.4 1153.9 1391.3 1155.5 
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This tool takes the TZMIN file (that is the file that contains the minimum bed elevations) and finds and 

reports the lowest point on each cross section . This tool is very similar to Cross Section Comparison tool 

mentioned above. For this tool it takes all of the cross section from the TZMIN file, so the entire file can 

be copied into the Exce l workbook. Below are basic instructions for using this tool. 

1. Open the minEievation .xltm Excel file 

2. Ensure that macros are enabled in Excel for your computer 

3. Copy the data into a new sheet in Excel 

a. The data shou ld be copied into cell Al 

b. Copy as many cross sections as needed, it is best to copy the entire TZMIN file into the 

workbook 

c. If Excel does not automatically convert the text then use the convert to text option 

under the Data tab in Excel 

4. This program handles data in the following format : 
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a. First column= ID card, the program looks for Xl and GR records, the Xl records is used 

to label the results 

b. Second column= elevation (if it is a GR record or river mile if it is an Xl record, 

otherwise this data is not looked at) 

c. Third column= station (if it is a GR record otherwise this data is not looked at) 

d. Repeat second and third column out to eleven 

e. The program will read until there is a blank row 

f . The program only reads the first 11 columns in the spreadsheet 

5. To run the program: 

a. Go to the Developer tab and select Macros or use Alt+F8 

b. In the Macros window that appears select, getThalweg then click on run 

c. The Macro will now find the low point of each cross section and report the cross section 

ID or river mile, station and elevation ofthe low point 

6. The program will produce three columns of data in columns 0 , P, and Q 

a. 0 contains the river mile or cross section identifiers 

b. P contains the Station that the low point occurs at in that cross section 

c. Q contains the elevation of the low point for that cross section 
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Sediment Conversion Tool 
This tool converts the initial bed material composition in Fluvial-12 to a comparable percent finer data 

used in HEC-6. Fluvial-12 has the user break the bed composition into fractions and the user enters the 

geometric mean of each fraction. Most sediment data is presented as soil gradation curves as percent 

finer or percent passing. This tool allows the user to compare Fluvial-12 data to these curves easily. 

Below are the basic instructions for this tool. 

1. Open the SedimentData. xltm Excel file 

2. Ensure that macros are enabled in Excel for your computer 

3. Go to the Developer tab in Excel or press Alt+F8 to view the Macros 

4. Select "CovertSediment" from the list of macro names 

5. This will open the " Load File" textbox 

a. Type in the file location and name ofthe * .FLU file to extract the data from 

b. Or use the " Browse ... " button to search for * .FLU file to extract the data from 

Load File 

I 

Type the fi le location in the textbox belo,,y or 
use the the "Browse . . .* button to find the file 

to be loaded. 

Browse . . . 

Cancel OK 

6. Click the OK button 

I 

7. The data will be displayed in tabular form at the top of the sheet 

8. Plots will also be made of the data as shown below 
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Import Geometry into HEC-RAS 

Introduction 
One method to view the cross section geometry from a Fluvial-12 model is to use HEC-RAS. HEC-RAS 

has the capability to import geometry data in the format of HEC-2, which is the same format as the 

geometry in Fluvial-12. A HEC-RAS model could also be created using this geometry, which is the 

majority of the data input, to check water surface elevation or other parameters. 

Importing Geometry 
There are a few important things to note about importing the Fluvial-12 files into HEC-RAS. The file 

extension must be" * .dat" for HEC-RAS to recognize it. So the text file must be saved as a * .dat file 

before being imported . Only the input file can be viewed, the output file has the input data offset two 

spaces so HEC-RAS cannot parse the data in . There is not really any need to import the data from the 

output file for viewing in HEC-RAS because the results are not stored in a format that can be imported 

into HEC-RAS. If the results from the model need to be compared then the minimum bed elevations 

from the simu lation duration can be imported into HEC-RAS. These are obtained by requesting them in 

the input file, this is done in the "G4" field in the input file . See the Fluvial-12 User's Manual and other 

documentation for more information on this . The minimum bed elevation are written to a separate file 

when the model is run, this file is called TZMIN . It already has the file extension of *. dat so it can be 

imported into HEC-RAS. 

After the file is in the correct format it can be imported into HEC-RAS. To import the file, open HEC-RAS 

and then create a new project. 
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£8 HEC-RAS U .O 

File Edit Run Vi~ Options GIST ools Help 

NewProjKt .. . 

Open Project .. . 

5.JVC Project 

Save Project As ... 

Rename Project Title ... 

Odd.e Project .•. 

Project Summary ... 

lmport HEC-2 D11ta ... 

ImportHEC·RASDalii .-

Generi1te Report .. . 

Export GIS Data .. . 

Export to HEC -OSS ... 

Export Geometry and Results (RAS Mapper) .•. 

Restore Backup D•ta 

Debug !«:port (compr~s curr~t plan files) ... 

Exit 

C:\Users\chii~\Oocuments\flltestl.p~ 

w:\EngApp DevRiverMech\JonathonChiii\Projects\ DOMSWComprr:hensiveTesting\RiverMechanics\XSHydraulics\ HEC-RAS\Multi-stttion.prj 

C:\projects\SaltRiverHEC-RAS\Reach3\Reach3.p~ 

C:\projocts\S.kRiverHEC -RAS\Reach2\Reach2.p~ 

C;\projects\SaltRiverHEC-RAS\RHchS\Reach5.p~ 

C:\ Users\ chiiiJ\OOcuments\practice\ oldHEC2.prj 

w.\EngAppDtvRiverMech\lonathonChiii\Projects~ndgravei\Lafarge\Urban Enginel!ring HEC·RASAnalyses and Woric Map\ 40ft.prj 

C:\Users\chiiiJ\Docummts\fl2tHt.pfj 

New Project 

Title File Name Selected Folder Default Project Folder 

test I test. prj C:\Users\chill j\Documents\fluvial-12 

OK Cancel Help Create Folder .. 

Is et drive and path. then enter a new project title and file name. 

EsJ C \ 
Esl Users 
Eslchillj 
Esl Documents 
;i:' fluvlal-12 

li3c: 

Documents 

Then open the geometry data, the button to open the geometry data is indicated by the red arrow 

below. 
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~ HEC ·RAS 4l.O 
£il~ Edit Bun ~ew Qptions §IS Tools !::felp 

Project 

Plan: 

Geometty. 

Steady Flow. 

Description : 

c:J 

• (]j US Customary Units 

In the geometry window click on " File" then se lect " Import Geometry Data" from the pull down menu 

and then select " HEC-2 Format .. . " from the menu . 

\( Geometric Data [£31 a I~ 
File] Edit Options View Tables Tools GIS Tools Help 

New Geometry Data ~~- ~ Description : I ; Q Plot WS e"tents for Profile: r-----1 
Open Geometry Data 9 . 
Save Geometry Data 

Save Geometry Data As ... 

Rename Geometry Title 

Delete Geometry Data 

Copy to Clipboard 

Print ... 

Import Geometry Data ~ GIS Format ... 
-

Expert Geometry Data ... USACE Survey Data Format ... 

Exit Geometry Data Editor 
HEC-RAS Format ... 

Area 
HEC-2 Format ... - UNET Geometry Format ... 

f--
Storage HEC Stream Alignment ... 

Area Conn. 

~ Mike 11 Cross Sections ... 
!-------"-

Pump CSV (Comma Seperated Value) Format ... 
station 

~ GML Format ... 

HTab 
Param. . 
~ ~ ' 
I -0 .4388 . 0 .9719 -r 

This opens th e import window, here browse to find the *. dat file that co ntains the geometry data from 

the model. Select the file and open it. 
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Import #HEC-2 Format data file 

Title File Name Selected Folder Default Project Folder 

r::JTc-.-1--:-.t:..~GU,-.-A~F::R"'",IA~R::I1~VE::-:R:---------- rJte-s-t.d:-at:-------- C:\ Users\chillj\ Documents\fluvial-1 2 

1 AGUA FRIA RIVER test dat 

OK Cancel Help Create Folder ... 

!Select HEC-2 Format file to import 

Ej C:\ 
Ej Users 
Ej chill j 
Ej Documents 
~ fluvial-12 

jsc 

Documents 

Another window will then open, asking about the cross section IDs, to maintain the IDs in Fluvial-12 

select " Use HEC-2 Section IDs" as shown below. 

HEC-2 Import Options 

r 

Ri_v:r_~_t_~_ti~~--~-~=~t_i_f:~t_i_~-~--~-~thod -
@ LlJ..s. ~..tL~.I::.:?. .. S..~t::t_t_()_r1..LR .s.i 
0 Use Sequential Counter 

Import HEC-2 Cancel 

Then the last " Import Geometry Data" opens, check the data in these windows then click the " Finished

Import Data" to finish the import. 
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Import Geometry Data 

l:::Io~o:!l River Reach Stream Lines 1 Cross Sections and 18 Nodes i Storaqe Areas and Connections I 

The import data has been read into a temporary geometl)' structure and 
now can be incorporated into the current geometry file . Step through the 
various tabs to select the desired import options. When all the appropriate 
options have been set press the Finished- Import Data button . 

Fluvial-12: Tips & Tools 

Current RAS project units: JUS Customary Units 

Import data as: !o US Customary units 

r 51 (metric) units 

Import data will not be converted on 1mport 

Previous I __ N_ex_t......il ____ F_in_is_h_e_d_-_lm..;.p_o_rt _D_a_ta _ _. 
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Import Geometry Data 

I ntro I A iver A each Stream Lines Cross Sections and I B Nodes I S tor aqe .6.reas and Connections 1 
Node Types in Table------------------------------------, 

p Cross Sections [XS) P' Bridges and Culverts (BR/Culv) P' lnline Structures (IS) P' Lateral Structures (LS) 

Import River: *I AS = 32 *I New= 32 *I Import= 32 

Import Reach: l;..;(A_I_I R_i_ve_r....;sl _____ =iJ=; Import As: 

3 1rnportAs: Check New Check Existing Reset 
- - - - -

The im orted AS can be edrted here, chanqe the im ort A rver and Reach names on the revious tab 

-- - - --

Select Cross Section Pro erties to lm ort 

P' Node Names 
r Descriptions 
r Picture References 
r GIS Cut Lines 

r lneffeo;tive,ll.real 
r Blocked Obstructions 
r XS Lrds 
r Ice Data 

new P' 
new ~ 
new P' 
new P' 
new P' 
new ~ 
new ~ 
new Fv 
new P' 
new ~ 
nP.w 17 

Matching Tolerance [:01 

~ Round Selected AS 

_12 decimal places ..::J Round 
P' Station Elevation Data 
P' Reach Lengths 

r Rating Curves 
r Skev·.' .l>.ngle Generate AS Based on main channel lenqths 

II 
P' Manning's n Values 
P' Bank Stations 

r Fixed Sedrment Elevatron 
r Hhb Parameters 

(only available when looking at a single reach) 

Starting AS Value: ro-j z decimal plac ::o:::::J 
r Contractron Expansion Coef 
r Levees 

r Prlot Ch:.nnel Parameters Create AS in miles j Create AS in feet I 

Next 

The cross sections are then shown in the "Geometric Data" window. 
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; {]Piol\ltSmd.entslor Proflie: iJ 

-----+------21.524 

------t------- 21.431 
-------ll-------2t.l37 
-----+----212"5 

------1- --- 21.157 
---+ ---2U)61 

----+- -- 20.769 

---+--20.675 
----+--20.579 

~~~~~~~20 . .t!Z 
20 .... 

2ti . .CO I 

20.3"'3 - -+-+--- ,.,,. 
- ---'IH---zo.2o7 

---+- -- 20.111 

-====l====20.Q21 
---+---- ..... 
- --t-----19.&2:7 

---+----19.732 

- --+---- ... ., 
---+----- 19.542 

---+---19.•<46 
---t---- 19.352 

---+----- .. = 
---1------ 19.162 

None oftht XS's are~tfertneftl ( - ~~~ UMf tntHN XS - GotO-Ktf rnerpolated XS - Non Geo.Ret us.r~ XS 'lG& Non c.o..Rel .. uerpola:ed XS) 

I 

I 

O.teu.0.0'71U 

To view an individual cross section the user can either select the cross section and select " Plot Cross 

Section" from the menu that appears or click on the "Cross Section" button on the lefts ide of the 

"Geometric Data" window. 
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V, GeomdrK Date 

File Edit Options Vi~ Tables Tools GfS Tools Hel p 

.. ~~~~"";~"""nJ kJrnl• Jo~ I Edi R~ - ~St~ . ::. IJ Plot 'WS exter¥-s f01 Profie:: I ::::J 

.Incl. / "' 
21.62 1 

• 21 .!24 
Crou / '\ 
~ I \ 

21 .AJ 1 

l erdo,IW~ 
\ 

21.337 

1 ... 
RIV£R· l Reach·l 21.245 ....,. 

StrUOI:o .. n 

'llililt' Edit Cross Section 
I Lateral Graphic.al Cross Section Editor .•. 
""""'-'• I ..... Plot Cress Secticn . ,.,. 

"-..___ 
ocn.t- PlctProfile ... 

·~· ~ _../ - " PlctX'fZ ... 
~ 

I ·~ ... Plot Stage olnd Flow Hydrograph ... 
~·"""" 
~ Tabular Output . 
I ,_ Rating Curve MO 

S1- I r-JL Vi~ Photo ... 

HTob Reverse XS Stationing ....... 
I Accept Oispt.sym Cut line (as G~Refem~ced) 

View 
Pidlre I Move Cut line Upstream/Downstream 

~ 20.3-43 
20.294 

20.207 

20. 111 

20.021 

19..92 

19.827 

19.7J2 

19.635 

19.S.42 

19.446 

19.352 

19.~~ 

19.16'2 

None of the XS's are Ceo-Referenced ( - Geo-R!I f user antereil XS - Geo-Ref lllerpolated XS - Non Geo-Refuur entered XS 166 Non Geo-Ref ntarwlated XSl 

If the first method is used then the following window w ill appear. The red arrow ind icates t he buttons 

that al low the user to scroll through the cross section in the model, or a cross section can be se lect ed 

from the pul l down menu to the left of the scro ll button . 
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~ Cross Section 

f ile Qptions !:!elp 

River: Reload Data I 
Reach: I Reach-1 River Sta.: 121.245 

test Plan: 

~-------------------- .03 --------------------~ 

1260 Legend 

1240 
Grourni 

• 
"""' 

1220 Ban Sta 
c= 
'-'" 
c 1200 
0 

~ 
> 1180 
~ 
w 

1160 

1140 

1120 
0 1000 2000 3000 4000 

Station (ft) 

If the "Cross Section" button is clicked then the following window appears which allows the data to be 

edited. 
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'""'"' Cross Section Data 

~it Edit Options Plot Help 

River: I RIVER·1 

Reach: I R each·1 

Description 

:::::J Apply Data I~Ga + .. , ~PI:ot:O:p:tio:n•::___:~:::=::::~=- :._r_K_ee~p_P_re_v x_s_ P_Ia_t·-==C=Ie::a::r P::re::v:I~--
:::::J River Sta.:j 21.245 :::::J .!J .!J test Plan: 

Del Row I 

Example 

1188.1 
1186.1 
1184.1 
11 82.1 
1182.1 
11 84.1 
1184.1 
11 82.1 
11 81.3 

~ o 

€ 
c 
.2 
-ro 
iii 1180 
w 

1160 

11 40 

ll+------.o3------"l 

1()()0 2000 

Station ( ft) 

-3000 

Legend ----Ground 

4000 

• 
Bank Sta 

To begin obtain an input file for Fluvial-12 or a TZMIN .dat file . In this example an input file name test.flu 

will be used. The first step then is to convert this file to a * .dat file. To do this the file is opened in a text 

editor. Then select "File" and then "Save As .. . " to create the new file . 
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........... 
"" ... ,....,.. 

~- Hd .... Ctrt•N 

Cp~. Ctri·O 

""' Ctfl,.S 

...,.~ l 0.015 5.5 15. 0 <0 
17 

P •qot"~I.IP·-
3.65 5000 3.9'5 10000 4 . 2'5 15000 4, 50 
5.0 30000 5.15 35000 5. so 37500 5. 70 
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Gl 8000 24.0 4000 25. 7 2000 2 7.4 1200 28.7 360 32.0 
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G2 6400 88.0 3200 89. 7 1600 91.4 060 92.7 288 96.0 
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Gl 4800 101.2 5600 101.5 6000 101.8 5600 102 .2 •soo 102.8 
G2 3200 104.0 1600 105. 7 800 107.4 480 108. 7 "' 112.0 
G2 346 115.2 1040 115 . 7 17B 115.9 )466 116.2 6933 ll6 . 8 
G2 10400 117.2 121 H 117.5 13000 117.8 1 2133 118.2 10400 ll.S.8 
G2 6933 120.0 3•66 121. 7 1733 123.4 1040 124. 7 l12 128.0 
G2 1000 111.2 3000 131.6 5000 131.9 10000 132 . 2 20000 132.8 
G2 10000 113.2 35000 1H. 5 17500 111.7 37500 134.0 30000 134.8 
G2 20000 136.0 10000 137. 7 5000 139.4 3000 140 . 7 000 144.0 
G! 

,.. 147. 2 ..o 14 7.6 733 147.9 14615 148.2 2931 148.8 
G! 4400 149.2 51 33 149.5 5500 149.8 5133 150.2 4400 150.8 
G2 293l 152.0 ,. .. 153.7 733 155.4 <40 156. 7 132 160.0 
G2 3•6 163. 2 1040 16).6 11]) 161.9 ]466 164. 2 6933 164.8 
Gl 10400 165.2 121)] 165.5 13000 165.8 1 21 33 166.2 10400 166 . 8 
G2 6933 168.0 3•66 169 . 7 1733 171. 4 1040 172. 7 l12 176 . 0 
G2 266 179.2 soo 179.6 1]]] 179.9 2666 180.2 5]]] 180.8 
G2 6000 181.2 9))3 181.5 10000 181.8 9])) 1!2.2 sooo 182 .8 
G2 5]]] 184.0 2666 185. 7 1]]) 187. 4 800 188.7 "0 192.0 
G2 693 195.2 2080 195. 6 3466 195. 9 6933 196. 2 13866 196.8 
Gl 20800 197.2 24266 197.5 26000 197.8 24266 198.2 20800 198.8 
G2 13866 200.0 6933 201.7 3466 20].4 2080 204.7 "' 208.0 
Gl 1il 2U . 2 520 21.1.6 ... 211.9 17 13 212.2 ]466 212.8 
G2 5200 213 . 2 6066 213.5 6500 213.8 6066 214.2 5200 214.8 
G2 3466 216.0 1733 2l7.7 866 219.4 520 220.7 156 224.0 
Gl 006 227.2 2720 227.6 4513 22 7.9 0066 228.2 18133 228.8 
G2 27200 2Z9 . 2 31733 229.5 34000 229.8 31733 230.2 27?00 210.8 
G2 18133 232.0 0066 211.7 4533 21 5.4 2720 236.7 816 240.0 
G2 "' 24].2 760 243. 6 1266 243 .9 2533 244 . 2 5066 244. 8 
Gl 7600 245.2 8866 245.5 9500 245. 8 8866 246.2 7600 246.8 
G2 5066 248.0 2533 249.7 1266 251. 4 760 252.7 228 256.0 
G2 "0 259.2 1440 259.6 2400 260.0 4800 260.2 9600 260.8 
Gl 14400 261.2 16800 261.5 18000 261.8 16800 262.2 14400 262.8 

In the window that opens enter "test .dat" in the File name filed to ensure that the file is saved as a * .dat 

as shown below. 
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Jj Save As 

« My Documents ~ fl uvia l-12 

Orga nize .,.. New folder 

_ Desktop 

Downloads 

~ Recent Places 

Libraries 

~ Documents 

Jl Mus·c 

~ Pictu res 

Videos 

Name 

r ile name: "test.dat" 

Date modifi ed Type 

No items match your search. 

.... 
Save as type: [,--T-ext_ D_o_c_u_n-le_n_t_s -(*-.txt- )--------='---"'------------- --.... -.] 

.... Hide Folders ,Encoding: .._[ A_N_SI _______ __J .... J '"( __ s a_v_e_--JJ [.._ _ _ c_a_n_ce_I _ _J 

Then open HEC-RAS and create a new project, in this case the project was named test .prj this is shown 

in the figures below. 
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ili) HEC-RAS 4.1.0 

Fil~ Edit Run Vi~ Options GIS T eels H~lp 

New Project .. . 

Open ProjKt .. . 

Sav~ Project 

Save Project As .•. 

Rename Project Title ... 

D~de:Project ... 

ProJect Summary ... 

Import HEC-l Data ••• 

Import HEC·RASOata -· 

Gener;,te Report - · 

bport GIS Data ... 

Export to HEC·DSS ..• 

Export Geometry and Results (RAS Mapper) ... 

Restore Backup Data 

Debug Report (compress current plan files) ... 

C:\Users\chii~\Oocuments\fl2testl.prj 

w:\EngAppDevRiverMech\JonathonChiii\Projects\OOM9NComprehensiveTesting\RiverMechanics\XSHydraulics\HEC-RAS\Multi-s«tion .p~ 

C:\projects\Sa ltRivc:rHEC ·RAS\Reach3\Reach3.prj 

C:\ prcjed:s\Sa ltRiverHEC ·RAS\Reach2\Rea ch2.prj 

C:\ projects\SaltRiverHEC -RAS\ReachS\Reach5.prj 

C:\Users\chii~\Oocuments\practice\oldHECl.prj 

w:\EngAppDMUvetMech\JonathonChiii\Projects\sandgravel\laFarge\ Urban Engineering HEC· RASAnalyses and Wort Map\ 40ft.prj 

C:\Users\chii~\Docummts\flltest .p~ 

New Project 

Title File Name Selected Folder Default Project Folder 

test 
rj te-s-t.p~ri ____________ __ 

C: \Users\chillj \Documents\fluvial-12 

OK Cancel Help 

!Set drive and path, then enter a new project title and file name. 

Create Folder ... 

E:jC:\ 
E:jUsers 
Bchilli 
E:jDocuments 
;;;: lluvral-12 

Documents 

Then open th e geometry data, the button to open the geometry data is indicated by the red arrow 

below. 
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~ HEC-RASU.O 

Project 

Plan: 

Geometly: 

Steady Flow. 

Unsteady Flow. 

= 8 ~ -----------------------------------------

Description : "1---------------------------. (J I US Customary Units 

In the geometry window click on " File" then select " Import Geometry Data" from the pull down menu 

and then se lect "HEC-2 FormaL." from the menu. 

\( Geometric Data ~I 8 I~ 
[lli] Edit Options View Tables Tool.s GIS Tools Help ------

New Geometry Data ~~- ~ Description : I ; Q Plot WS e~tents lor Profile: r--J 
Open Geometry Data 9 . 
Save Geometry Data 

Save Geometry Data As ... 

Rename Geometry Tit le 

Delete Geometry Data 

Copy to Clipboard 

Print ... 

Import Geometry Data • GIS Format ... 

Export Geometry Data ... USACE Survey Data Format ... 

Exit Geometry Data Editor 
HEC-RAS Format ... 

- - -
An! a 

HEC-2 Format ... - UNET Geometry Format ... r---
Storage HEC Stream Alignment ... 

Area Conn. 

--=-- Mike 11 Cross Sections ... r---=-
Pump CSV (Comma Seperated Value) Format .. . 
station 

~ GML Format ... 

HTab 
Param. . 
~ 1 

-0 .4~s. o.S:19 ·1 

This opens the import window; here browse to find the test. dat fi le that contains the geometry data 

from the model. Select the fi le and open it. 
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Import #HEC-2 Format data file 

Title File Name Selected Folder Default Project Folder Documents 
j,....T-1-."<G--,U-A,...,F""R"".IA,...,R'""I',...,/E::c::R,.----------~ r-te-s-t.d""a-t ------ C:\Users\chillj\Documents\fluvial-12 

1 AGUA FRIA RIVER test dat Ej C:\ 
S Users 
Schillj 
t::J Documents 
;;: fluvral-12 

OK Cancel Help Create Folder .. jsc 
lSelect HEC-2 Format file to import 

Another window will then open, asking about the cross section IDs, to maintain the IDs in Fluvial-12 

select "Use HEC-2 Section IDs" as shown below. 

HEC-2 Import Options 
-

r 
Riv~r.S..t.~.ti~~ .. ~.~=~t_i.f~~t·i·~·~ .. ~.~thod -
@ i.W.s. 13..H~I.:?.5.~~t.'.().t1.JP.s. : 
0 Use Sequential Counter 

Import HEC-2 Cancel 

Then the last " Import Geometry Data " opens, check the data in these windows then click the " Finished

Import Data" to finish the import. 
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Import Geometry Data 

l:::Ir.i~o:!l River Reach Stream Lines l Cross Sections and I 8 Nodes I S tor aoe .6.reas and Connections I 

The import data has been read into a temporary geometry structure and 
now can be incorporated into the current geometry file . Step through the 
various tabs to select the des1red import options. Vvhen all the appropriate 
options have been set press the Finished- Import Data button . 

Current RAS project units: I US Customary Units 

Import data as: r. US Customary units 

r 51 (metric) units 

- -- - - - -

Import data w1ll not be converted on 1mport 

Previous I __ N_ex_t__. 
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Import Geometry Data 

Intra I River Reach Stream Lines Cross Sections and IB Nodes I Storaqe Areas and Connections I 
Node Types in Table-------------------------------------, 

17 Cross Sections [XS ) 17 Bridges and Culverts (BR/Culv) 

l (All Rivers) _:j Import As: 
1-----.....;.. ____ ......,.:::J= .... =i, Import As: 

Import River: 

Import Reach: 

-

Select Cross Section Pro erties to lm ort 

17 Node Names 
r Descriptions 
r Picture Reterences 
r GIS Cut Lines 
17 Station Elevation Data 
17 Reach Lengths 
17 Manning's n Values 
17 Bank Stations 
r Contraction E:,pansion Coef 
r Levees 

r Ineffective .t>.reas 
r Blocked Obstr,Jctions 
r XS Lids 
r lceData 
r Rating Curves 
r Skew /l.ngle 
r Fixed Sedrment Elevatron 
r HTab Parameters 
r Pilot Channel Parameters 

IF··············I L .. "r~Y.!Q':l~j 

17 lnline Structures (IS) 17 Lateral Structures (LS) 

II RS = 32 II New= 32 II Import= 32 

Check New Check Existing Reset 

Matching Tolerance ror-
[ Round S elected R S 

Round 

Generate RS Based on main channellenqths 
(only available when looking at a single reach) 

Starting RS Value: ro---12 decimal plac 3 
Create RS in miles I Create RS in feet "I 

Next J Finished · Import Data Cancel 

The cross sections are then shown in the "Geometric Data" window. 
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-----+------21.52• 
-------1-------21.431 
-----f------ 21337 

------+----zu•s 
------\----21 .157 

----+---21 .061 

-----<!J..eacn-~20.9"..8 

~ -----,O;j---- ,. ... 

----+---10.769 
---+-- 10.675 
---+-- 10.579 

~~1i~~~20 . .a3 

20 .... 
21:1.&01 

20.343 

"·"' 
----'l;<--..t--- 20.207 

---+---20.111 

-===:::f:==:::. 20.021 
---+----19.92 
---+-----19.82"7 
---+---- tu32 
---+----- 19.635 
---+----- 19.5•2 
---t--- 19.•.a 
---l--- t9.lS2 
---1---- ,9~..6 

----l---- 19.162 
: 

o.aeu.oant 

To view an individual cross section the user can either se lect the cross section and select "Plot Cross 

Section" from the menu that appears or click on the "Cross Section" button on the left side ofthe 

"Geometric Data" window. First se lect cross sect ion number 21.245 in the window, then select " Plot 

Cross Section" this is shown below. 
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'( G<omdric o ... 
Fde Edit Options View Tables Tools GIS Tools Help 

.. ~ ... ~~1 ~""; 1~ "'"'HI. RS ~ 1 • 1° . . I 
---

E1i R:xfl - ~ Sl~ ~ MCI{Xion : 
; I] Plot WS extents fOf Ptofie: I ::::1 

-'not 
/ "-

21.621 

• 
I Cross / \ 

21.524 

~ I \ 
21 .431 

~ \ 
21.337 

~ ..,. I RIVER·l Rl!:ach-1 11.245 
s.uc.... 
'lliilil( I Edit Cross~on 

~ Graphical Cross Section Editor ... 
S<rue<~• 

aeii-IJ "+iii , Plct Cross S«tion ...... "-..__ ;li Plot Profile ... 

·~· ./ - , 
Plot x:fl. -· -.« ... Plot Stage .md Rcw Hydrograph __ 

"''""" ...... I Tabular Output 

"""" Rating Curve -· .... "" j r--SZ- Vi~v Phc: to ..• 

KTob I R~e XS Stationing 

""""'· 
VIew 

Accept Displayed Cut line (as G~Rdu~ced) 

""""' Move Cut line Upstream/Downstream 

~ 20.~3 

20.29< 

20.207 

20. 111 

20.021 

19..92 

19.827 

19.732 

19.635 

19.5.42 

19.446 

19.352 

19.256 

19.162 

None of the XS's are Geo--Referenced ( - Geo-Ref user enteredXS - Geo-Refi'ltorpollled XS - Hon ~e1 user entered XS l66 Non Geo-Rel interpolated XS) 
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~ Cross Section 

file Qptions !::!elp 

River: Reload Data 

Reach: IReach·1 River Sta.: 121 .245 

test Plan: 

~-------------------- .03 --------------------~ 

1260 Legend 

1240 Ground 

• 1220 Ban Sta g 
c 
0 

1200 

'5 
> 1180 _g! 
w 

1160 

1140 

1120 
0 1000 2000 3000 ~ooo 

Station (ft) 

The red arrow indicates the buttons that allow the user to scro ll through the cross section in the mode l, 

or a cross section can be se lected from the pul l down menu to the left of the scroll button . 

Now close the "Cross Section" window that contains the plot of the cross section . Next click on the 

"Cross Section" button on the left side of the "Geometric Data " window indicated below by the red 

arrow. 

Fluvial-12: Tips & Tools 
Engineering Applications Development and River Mechanics Branch 
Engineering Division 
Flood Control District of Maricopa County 

Page 55 

July 2014 



--------------------~~~~~~~ 

-----t-------21~4 

- ----+---- --21 '31 

- ----+----- 2"1)31 

----+---- 21 157 

- ---t---- 21011 

---+--201&! 

--+--- :ot75 

- - -+--..... 

~~~*~~~,..., 20 U 9 ,. .. , 
20 ,., 

20.a. 

- --'11'-f---,,,, 
----+--:<"0 111 

-====F==''"'21 ___ _, ____ ,, 
----;---- ttl27 

---i---,,12 
- - -i--- ,.,. 

----;'---- TJS42 

---+--- ..... 
- --t---- 1tl52 

- --t---- ""' 
----+--- 19152 

Oatoe:t 0~1 I 

Now the "Cross Section Data" window will open, this also plots the cross section and shows the data. 
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"" Cross Section Data 

f!it Edit Options Plot Help 

River: I RIVER-1 

Reach: J R each-1 

Description 

::;::] Apply Data [~@ + • I ~PI:ot:O:pt:io=ns:__:~::"::~:::~::_:_r_Ke:_:e.:_p_P:_rev_x_s_P_Io:_ts~=C=Ie::ar::P::re::v::I~--
::;:J River Sta.:j 21 .245 ::;::) .!L!J 

Del Row I 

11 86.1 
11 84.1 
11 82.1 
1182.1 
1184.1 
1184.1 

11 82.1 
11 81.3 

~ o 

ROB 

e 
c 
0 

'iii 
> 

"' w 

test P lan: 

1<------.o3------>1 [ 
1 ~0 0 

1240 

1220 

1200 

11 80 

1160 

1140 

Legend 

--------Ground 

• Bank Sta 

1000 2000 

Station (II) 

3000 4000 
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Appendix A: Fluvial-12 User's Manual 
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Generalized Computer Program 

FLUVIAL-12 
Mathematical Model for Erodible Channels 

Users Manual 
Changes at Section 1079.6 During 100-yr Flood ~th B a nk Prote ctio n 

265 ~--~----~----~--~----~--~----~----~---, 

225 T---~~~~~W~.S~- ~atx~~a~k ~Q~---T---~----~----r~~ --T---~ 

220 +---_,----~----r----+----+---~-----r----+---~ 

200 400 600 800 1000 1200 1400 
Station (looking downstream), feet 

1600 1800 2000 

Updated In January 2006 

P.O. Box 9492 
6001 Aven ida Alteras 
Rancho Santa Fe, CA 92067-4492 

Hydraulic and Hydrologic Engineering 

Erosion and Sedimentation 
TEL: (858) 756-9050, (858) 692-0761 
FAX: (858) 756-9460 
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This program is developed and furni shed by Howard H. Chang and is accepted and used by 

the recipient upon the express understanding that the deve loper makes no warranti es, expressed or 

impl ied, concern ing the accuracy, completeness, reliabi lity, usabili ty, or suitability for any particu lar 

purpose of the information and data conta ined in thi s p rogram or furni shed in connecti on therewith, 

and the developer sha ll be under no liabili ty whatsoever to any person by reason of any use made 

thereof. 
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PROGRAM SUMMARY FOR FLUVIAL-12 

River channe l behav ior often needs to be studied for its natural state and response to human 
regul ation. Studi es of river hydraulics, sediment transport, and river channe l changes may be 
through phys ical modeling, or mathematical modeling, or both. Physical modeling has been relied 
upon tradi tiona lly fo r river proj ects, but mathematical modeling is becoming more popular as its 
capabilities expand rapidly . The computer program FLUVIAL- 12 is a mathematical model that is 
formulated and deve loped for water and sediment routing in natura l and man-made channels. The 
combined effects of flow hydraulics, sediment transport and river channe l changes are simulated for 
a given fl ow period. 

River chann els changes s imulated by the model inc lude channel bed scour and fill (or 
aggradation and degradati on), w idth variati on, and changes in bed topography induced by the 
curvature effect. These inter-re lated changes are coupl ed in the model for each time step. While this 
model is fo r erodible channe ls, phys ical constra ints, such as bank protection, grade-co ntro l 
structures and bedrock outcroppings, may also be specified. Applicati ons of this model inc lude 
evaluati ons of genera l sco ur at bridge cross ings, sediment de livery, channel responses to sand and 
gravel mining, channelization, etc. It has been applied to many des igns fo r bank protecti on and 
grade-control structures which must extended below the potentia l channe l bed scour and w ithstand 
the des ign flood. 

Thi s model is applicable to ephemera l rivers as well as rivers with long-term fl ow; it has also 
been tested and calibrated w ith fie ld data from several rivers, in both semi-arid and humid reg ions. 
Because of the transient behav ior in dynami c changes, ephemera l rivers require more complicated 
techniques in model formulation. Thi s model may be used on any main frame computer; it may be 
used on a persona l computer w ith adequate capac ity. 

The FLUVIAL- 12 model is an erodible-boundary model; it simulated in ter-re lated changes 
in channe l-bed profi le, channel w idth and bed topography induced by the channe l curvature. The 
erodi ble-boundary model is di fferent from an erodible-bed model in the fo llowing ways . 

(l) An erodi ble-bed mode l does not simulate changes in channel w idth. Since changes in channel
bed profi le is close ly related to changes in w id th, these changes may not be separated. 

(2) The change in bed profi le in an erodible-bed mode l is assumed to be unifo rm in the erodibl e 
zone. A ll points adj ust up and down by an equal amount duri ng aggradat ion and degradation. Actual 
bed changes are by no means uni form and therefore they may not be sim ul ated by an erod ib le-bed 
model. 

(3) An erodible-bed model does not consider the channe l curvature. In rea li ty, the bed topography 
is highly non-unifo rm in a curved channe l, especia ll y dur ing a high fl ow. 

( 4) The erodible zone needs to be spec ified at all cross sections in an erodible-bed model. Thi s 
means the mode l does not prov ide the extent of eros ion in the channel, but the user has to info rm the 
model about the erodibl e part of the channe l bed. The boundary of eros ion is computed and 
prov ided by the FLUVIAL-1 2 model, this boundary changes w ith the discharge and time. 
(5) Sediment inflow into the chann el reaches needs to be specifi ed for many other models. Thi s 



requires the sediment rating curve which is usually not available for stream channels. In the 
FLUVIAL-12 model, the sediment inflow may be specified and it may also be computed based on 
the hydraulics of flow at the upstream section at every time step. 

(6) The FLUVIAL-1 2 has been calibrated using many sets of river data (see Section XI) . An 
erodible-bed model may not be calibrated with fie ld data of natural streams. 

Development of the FLUVIAL computer model dates back to 1972. Several publications 
describing the physical foundation , analytical background, and applications are included in this 
manual. Publications documenting the success ive stages of development and calibration of the 
model are listed below. 

Chang, H. H., "Flood Plain Sedimentation and Erosion, Phase III," Dept. of Sanitation and Flood 
Control, Public Works Agency, County of San Diego, January, 1974, 78 pp. 

Chang, H. H., "Flood Plain Sedimentation and Erosion, Phase VI," Dept. of Sanitation and Flood 
Control, Public Works Agency, County of San Diego, July, 1975,77 pp. 

Chang, H. H., and Hill, J. C., 1976, "Computer Modeling ofErodible Flood Channels and Deltas," 
Journal ofthe Hydraulics Division, ASCE, 102(HY10), 1461-75. 

Chang, H. H., and Hill , J. C. , 1977, "Minimum Stream Power for Rivers and Deltas," Journal of the 
Hydraulics Division, ASCE, I 03(HY12), 1375-89. 

Chang, H. H. , 1982, "Mathematical Model for Erodible Channels," Journal of the Hydraulics 
Division, ASCE, 10'8(HY5), 678-689. 

Chang, H. H. , 1984, "Modeling of River Channel Changes", Journal of Hydraulic Engineering, 
ASCE, 110(2), 157-172. Closure in 113(2), 1987,265-267. 

Chang, H. H., 1984, "Modeling General Scour at Bridge Crossings", Transportation Research 
Record, 950, Vol. 2, 238-243. Also presented at the Second Bridge Engineering Conference, 
Transportation Research Board, Minneapolis, Minnesota, September 24-26, 1984. 

Chang, H. H. , 1984, "Regular Meander Path Model" , Journal of Hydraulic Engineering, ASCE, 
110(10), 1398-1411. Closure in 113(3), 1987, 407-409. 

Chang, H. H., 1984, "Variation ofF low Resistance through Curved Channels", Journal of Hydraulic 
Engineering, ASCE, 11 0(12), 1772-82. 

Chang, H. H. , 1985, "Water and Sediment Routing through Curved Channels" , Journal of Hydraulic 
Engineering, ASCE, 111 (4), 644-658. 

Chang, H. H. , Osmolski , Z., and Smutzer, D., 1985, "Computer-Based Design of River Bank 
Protection", in Hydraulics and Hydrology in the Small Computer Age, Proceedings of Hydraulics 
Division Conference, ASCE, Orlando, F lorida, August 13-16, 426-431. 
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Chang, H. H., 1985, "Channel Width Adjustment during Scour and F ill" , Journal of Hydraulic 
Engineering, ASCE, Ill ( I 0), 1368-70. 

Stow, D. A., and Chang, H. H. , 1987, "Coarse Sediment Delivery by Coasta l Streams to the 
Oceanside Litto ra l Cell, California," Journal of the American Shore and Beach Preservation 
Association, 55 (1), 30-40. 

Chang, H. H. , 1987, "Modeling Fluvial Processes in Streams w ith Gravel Mining," in Sediment 
Transport in Gravel-Bed Rivers, Thorne, et a l. editors, John Wiley & Sons, pp . 977-988 . Also 
presented at the Intern. Workshop on Problems of Sediment Transport in Gravel-Bed River, 
Co lorado State University, August 12-17, 1985. 

Chang, H . H., 1987, Comment on "Modeling of Alluvial Channels", by Dawdy and Vanoni , Water 
Resources Research, 23(11), 2 153-2155. 

Stow, D. A ., and Chang, H. H., 1987, "Magnitude-Frequency Relationship of Coasta l Sand Delivery 
by a Southern Californi a Stream" , Geo-Marine Letters, an Internati onal Journal ofMarine Geology, 
23 (1 ), 2 17-222. 

Chang, H. H. , Jennings, M. E. , and Jordan, P . R ., 1988, "Use of Calibrated Model for Continuous 
Record of F luv ia l Sediment Load" , Professional Paper, U.S. Geo logical Survey. 

Chang, H. H., 1988, "Simulat ion ofRiver Channel Changes Induced by Sand Mining" , Proceedings 
oflntern. Conf. on Fluvia l Hydraulics, IAHR, May 30-June 3, Budapest, Hungary. 

Chang, H. H. and Stow, D. , 1988, "Sediment Transport Characteri sti cs of a Coasta l Stream", Journal 
of Hydro logy, E lsev ier Sc ience Publishers B. V. , Amsterdam, 99, 201-2 14. 

Yang, X-Q . and Chang, H. H., 1988, "Mathematica l Mode ling of Compound Channel w ith High 
Sediment Concentration" , Proceedings of the National Confe rence on Hydrauli c Engrg., A ugust 8-
12, Co lorado Springs, Co lo . 

Chang, H. H. and Osmolski , Z., 1988, "Computer-A ided Design for Channelizat ion" , Journal of 
Hydraulic Engineering, ASCE, 11 4( 11 ), 1 3 77- 13 89. 

Chang, H. H. , Fluvial Processes in River Engineering, John Wiley & Sons, February 1988,432 pp. 

Chang, H. H. , 1988, "Test and Calibration ofFLUVIAL Model Us ing Fall River Data" , prepared fo r 
Waterway Experiment Stati on, U.S . Army Corps of Eng ineers, Vicksburg, M ississ ippi . 

Chang, H. H., 1988, "Test and Calibrati on of FLUVIAL Model Using M issouri River Data" , 
prepared fo r Waterway Experiment Stati on, U.S. Army Corps ofEngineers, Vicksburg, M ississippi. 

Chang, H. H. and Stow, D. , 1989, "Mathematical Modeling of Flu via l Sed iment De livery", Journal 
ofWaterway, Port, Coastal, and Ocean Engineering, ASCE, 11 5(3), 311-326. 

Chang, H . H ., 1990, "Hydrauli c Des ign of Erodible-Bed Channels", Journal of Hydraulic 
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Engineering, ASCE, 116(1 ). 
Chang, H. H. and Nolte & Associates, 1990, "Calibration Study ofFLUVIAL-12 Model Using Data 
from San Luis Rey River", prepared for the San Diego County Water Authority, 45pp. 

Chang, H. H. , 1994, "Selection of Gravel-Transport Formula for Stream Modeling" , Journal of 
Hydraulic Engineering, ASCE, Vol. 120, No.5 , May, pp. 646-651. 

Chang, H.H. , 1994, "Test and Cal ibration ofFLUVIAL-12 Model Using Data from the San Dieguito 
River" . Prepared for Southern California Edison Company. 

Chang, H. H. , Harrison, L., Lee, W., and Tu, S. , 1996, "Numerical Modeling for Sediment-Pass
Through Reservoirs", Journal of Hydraulic Engineering, ASCE, Vol. 122, No.7, pp. 381-388. 

Chang, H. H. , 1997, "Modeling Fluvial Processes in Tidal Inlet", Journal of Hydraulic Engineering, 
ASCE, Vol. 123, No. 12, pp. 1161-1165. 
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I. INTRODUCTION 

Alluvia l rivers are se lf-regulatory in that they adjust their characteri stics in response to any 
change in the environment. These environmental changes may occur naturally, as in the case of 
climatic var iation or changes in vegetati ve cover, or may be a res ul t of such human activities as 
damming, river tra ining, diversion, sand and grave l mining, channelization, bank protection, and 
bridge and highway construction. Such changes di stort the natural quas i-equilibrium of a river; in 
the process of restoring the equilibrium, th e river w ill adjust to the new conditions by changing its 
slope, roughness, bed-materi a l size, cross-sectional shape, or meandering pattern . Within the 
existing constraints, any one or a combinat ion of these characteristics may adjust as the river seeks 
to maintain the balance between its ability to transport and the load provided. 

Ri ver channel behavior often needs to be studied fo r its natura l state and responses to the 
aforementioned human activ ities. Studi es of river hydrauli cs, sediment transport and river channel 
changes may be through phys ical modeling or mathematical modeling, or both . Phys ica l modeling 
has been re i ied upon traditi ona lly to obta in the essentia l des ign info rmation. It nevertheless often 
invo lves large expenditure and is time consuming in model construction and experimentation. What 
limits the accuracy of phys ical modeling is the scale di stortion whi ch is a lmost unavoidable 
whenever it invo lves sedimentation. 

Mathematica l modeling of erodible channels has been advanced w ith the progress in the 
physics of fl uvia l processes and computer techniques. An evaluation of ex isting models was made 
by the National Academy of Sciences (1983). Recommendations in this report have been beneficia l 
for subsequent model deve lopment. Since the actual s ize of a ri ver is employed in mathematical 
mode ling, there is no scale di storti on. The appl icabili ty and accuracy of a model depend on the 
phys ical foundation and numerical techniques employed. 

The tradit ional reg ime analyses of rivers are limi ted to regime rivers and the ir long-term 
adjustments in equi librium. The hydrauli c geometry, flow and sediment transport processes 
exhi bited in the process of adjustments are outside the scope of regime approach but they are 
included in the mathematical modeling. Thi s manual add resses the more rapid process-response or 
the transient behav ior of allu via l ri vers. T he subject is on unsteady fl ow and sediment transport in 
river channels w ith a chang in g boundary under given physical constraints . In the fo ll owing, the 
physical fo undation and numerica l techniques for the transient process-response of the FLUVIAL 
model are described. Users ' in structi ons are provided. Applications of the FLUVIAL model are 
ill ustrated by examples given in the appendixes. 

II. PHYSICAL FOUNDATION OF FLUVIAL PROCESS-RESPONSE 

Mathematical modeling of river channel changes requires adequate and suffic ient phys ical 
relat ionships for the flu vial processes. While the processes are governed by the principles of 
cont inuity, flow resistance, sediment transport and bank stabil ity , such re lations are insuffic ient to 
exp la in the time and spatia l variat ions of channel w idth in an a ll uv ial river. Generally, w idth 
adj ustment occurs concurrently with changes in river bed profi le, slope, channel pattern, roughness, 
etc. These changes are close ly in terre lated; they are de licate ly adj usted to establi sh or to mainta in 
the dynamic state of equilibri um. Whil e any factor imposed upon the river is usually absorbed by a 
combination ofthe above responses. The extent of each type of response is inverse ly related to the 
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resistance to change. 

The dynamic equi librium is the direction toward which each river channel evo lves. The 
transient behavior of an al luvial river undergoing changes must reflect its constant adjustment 
toward dynamic equ ilibrium, a lthough, under the changing discharge, the true equilibrium may 
never be attained. For a short river reach of uniform discharge, the conditions for dynamic 
equ ilibrium are: (1) Equal sediment discharge along the channel , and (2) uniformity in power 
expenditure yQS, where y is the unit weight of the water-sed iment mixture, Q is the discharge, and S 
is the energy gradient. If the energy grad ient is approximated by the water-surface slope, then 
uniform power expenditure or energy gradient is equivalent to the linear (straight-line) water-surface 
profile along the channel. A river channel undergoing changes usually does not have a linear 
water-surface profile or uniform sediment discharge, but river channel adjustments are such that the 
non- uniformities in water-surface profile and sediment discharge are effectively reduced. The rate 
of adjustment is limited by the rate of sediment movement and subject to the rigid constraints such 
as grade-contro l structures, bank protection, abutments, bedrock, etc. 

The energy gradient at a river cross section varies wild ly. This variable is usually included 
in a hydraulic computation such as that of a HEC-2 study. The output of any HEC-2 study, even if it 
is for a fairly uniform river channe l, usually exhibits non-uniformity in energy gradient along the 
channel. This variation is much more pronounced in disturbed rivers . A mathematical modeler 
realizes that a river channel wi ll change in order to attain stream wise uniformity in sediment load. 
It is equally important to perceive that it wi ll also adjust toward equal energy gradient along the 
channel. Because sediment discharge is a direct function ofyQS, channel adjustment in the direction 
of equal power expend iture also favors the uniformity in sediment discharge. The sediment 
discharge in the reach wi ll match the inflow rate when the equilibrium is reached. 

III. CHANNEL WIDTH ADJUSTMENTS DURING SCOUR AND FILL 

A stream channel's adjustment in the direction of equal power expenditure, or straight 
water-surface profile, provides the physical basis for the modeling of channel width changes. 
However, this adjustment does not necessarily mean movement toward uniformity in channel width. 
For one thing, the power expenditure is also affected by channel roughness and channel-bed 

elevation, in addition to the width. But, more importantly, the adj ustment toward uniformity in 
power expenditure is frequent ly accomp li shed by significant streamwise variation in width. Such 
spatial width variation generally occurs concurrently with streambed scour or fills to be illustrated in 
the fol lowing by several examples. 

The transient behavior can be more clearly demonstrated by more dramatic river channe l 
changes in the short term. Field examples of this nature are selected herein to illustrate how the 
sign ificant spatial variation in width is related to river channe l's adj ustment toward uniform power 
expenditure. This example wi ll also show why the regime approach may not be employed to 
simulate river channel changes. 

Figure 1 shows a short reach of the San Diego River at Lakeside, California on February 25 , 
1 981 during the initial stage of a storm. The estimated discharge of 600 cfs persisted for several 
subsequent days. Prior to the storm, this sandy streambed was graded , because of sand mining, to a 
wavy profile. During the ini tia l period of flow, the water-surface profile was not straight because its 
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gradient was steeper over higher streambed areas than over lower areas. Grad ua lly, these higher 
streambed areas were sco ured while lower places were filled. Small widths formed with streambed 
scour, whereas large widths developed with fill as shown in the figure. The width development in 
this case was rapid in occurrence in the sandy material, its significant streamwise variation is 
depicted by the natural streamlines visible on the water surface. This pattern of significant spatia l 
variation in width actual ly represents the stream's adjustment toward equal energy gradient, as 
explained in the fol lowing. 

F ig. 1 Streamwise variation in width during stream channel adj ustment toward establishing 
straight water-surface profile, San Diego River at Lakeside, Cal iforn ia 

The streambed area undergoing scour had a steeper energy gradient (or water-surface slope) 
than its adjacent areas. Formation of a narrower and deeper channe l was effective to reduce the 
energy grad ient due to decreased boundary resi stance and lowered streambed e levation. In add ition, 
the cross section developed a somewhat circular shape, which conserved power as a result of being 
closer to the best hydraulic section. On the other hand, the streambed area undergo ing fill had a 
lower streambed elevation and a flatter energy gradient. Channel widening at thi s area was effective 
to steepen its energy grad ient due to the increasing boundary res istance and rising streambed 
e levation. In summary, these adjustments in channe l width effective ly reduced the spatial variation 
in power expenditure or non-linearity in water-surface profile. Because sediment discharge is a 
direct function of stream power yQS, channel adjustment in the direction of equal power expend iture 
also favors the equilibrium, or uniformity, in sediment discharge. 

The significa nt spatial width variation shown in Fig. 1 was temporary. The small width 
lasted while streambed sco ur continued and the large width persisted w ith sustained fill. At a later 
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stage when scour and fill ceased, the energy gradient or water-surface slope assoc iated with the 
small width became flatter than that fo r the large width. The new profi le of energy gradient or water 
surface became a reversal of the initial profil e. Then, the small width statied to grow wider while 
the large width began to slide back into the channel, resul ting in a more uniform width along the 
channel. 

The above example illustrates that a regime relationship fo r channel width may not be used 
in simulating transient river channel changes. Under the regime relationship, the width is a di rect 
function of the di scharge, i.e. , B% Q05

; but under transient changes, the channel can have very 
different w idths even though the discharge is essenti ally unifo rm along the chann el. 

The characteristic changes in channel width during channel-bed scour and fi ll were a lso 
observed by Andrews (1 982) on the East Fork River in Wyoming. This river was in its natural state, 
undisturbed by human activ it ies. River channel changes were induced by the variat ion in discharge. 

In 1906, the Assoc iated Press fil ed a well-written report that seemed to end one of the 
world's most spectacular stories. In the story, the AP reported that the Colorado River fl ooded; the 
water moved from the All American Canal to the New River and poured down to the Salton Sea. 
The sea rose 7 in. per day . The water became a cascade and its force cut back the banks . Soon the 
bank was receding faster and faster, mov ing upstream into the valley at a pace of 4000 ft a day; 
widening the New River channel to a gorge of more than 1000 feet. Thi s example a lso illustrates the 
dramatic widening of river channel associated with a ri sing bed elevati on. 

A fie ld study by the U.S . Bureau of Reclamation (1963) upstream of M ilburn Diversion 
Dam on the Middle Loup River, central Nebraska also exemplifies the aggradat ion of a channel and 
associated channel widening. 

The construction ofMilburn Diversion Dam was completed in May, 1956 ... By 
May 1957, two months after the reservo ir was impounded fo r the first irrigation 
season, the channel had aggraded an average of 1.6 feet, w ith a rise in the channel 
thalweg e levati on of 2.2 feet; and by October of the same year, the total rise in the 
streambed averaged 2.2 feet. The cross section obta ined in December 1957 shows a 
continued rise in the thalweg elevation. During the same period, the w idth of the 
channel had increased by 70 feet, from 475 feet in 195 1 to 545 feet in 1957. One-third 
of thi s increase occurred during the June, 1956 - December, 1957 period. 

For these two case hi sto ries, both a lluvial rivers entered reservo irs with a ris ing base leve l. 
The transient changes are characterized by ri sing channel bed and increas ing channel w idth. 
Although measurements of the discharge and other parameters are not available, it is poss ible to 
describe, at least in trend, the nature of power transformation in the ri ver channel. At the river 
mouth, the base level was controlled in the reservo ir. The rising base level firs t caused a lower 
ve loc ity and energy gradi ent in the ri ver channel near the mouth in re lation to its upstream reach. In 
response to thi s change, channel adjustments through widening and aggradation near the mouth 
prov ided greater fl ow res istance and power expenditure at this location partly du e to the increased 
boundary res istance. Thi s process resulted in a more unifo rm power expenditu re per unit channel 
length along the ri ver. 
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A lowering base level, on the other hand, would result in a higher energy gradient in the river 
channel near the mouth. The higher energy gradient could be reduced through the development of a 
narrower and deeper channel at this location. This process would also result in a more uniform 
power expenditure along the channel. Such morphological features for deltas are also applicab le to 
alluvial fans and hill slopes. 

IV. ANALYTICAL BASIS OF THE FLUVIAL MODEL 

The FLUVIAL model with different versions has been developed for water and sediment 
routing in rivers while simulating river channel changes as documented in a series of publications 
listed in Section I. River channel changes simulated by the model include channel -bed scour and fill 
(or aggradation and degradation), width variation, and changes caused by curvature effects. Because 
changes in channel width and channel-bed profile are closely inter-related, modeling of erodible 
channels must include both changes . In fact, width changes are usually greater than the concomitant 
scour and fill in the bed, particularly in ephemeral streams. The analytical background of the 
FLUVIAL model is described in the following. 

The FLUVIAL model has the following five major components: (1) Water routing, (2) 
sediment routing, (3) changes in channe l width, ( 4) changes in channel-bed profile, and (5) changes 
in geometry due to curvature effect. These inter-related components are described in the following 
sections. A flow chart showing the major steps of the computation is given in Fig. 2. 

This model employs a space-time domain in which the space domain is represented by the 
discrete cross sections along the channel; the time domain is represented by discrete time 
increments. Temporal and spatial variations in flow, sediment transport and channel geometry are 
computed following an iterative procedure. Water routing, which is coupled with the changing 
curvature, is assumed to be uncoupled from the sediment processes because sediment movement and 
changes in channel geometry are slow in comparison to the flow hydraulics. 

V. WATERROUTING 

Water routing provides temporal and spatial variations of the stage, discharge, energy 
gradient and other hydraulic parameters in the channel. The water routing component has the 
following three major features: (1) Numerical solution of the continuity and momentum equations 
for longitudinal flow, (2) evaluation of flow resi stance due to longitudinal and transverse flows, and 
(3) upstream and downstream boundary conditions. The continuity and momentum equations in the 
longitudinal direction are 

aA a Q 
-+-- -q = O 
a t as 

1 aQ aH 1 a r;t Q 
---+ g --+--- + gS- - q = O 
A at a s A OS A A2 

(1) 

(2) 

where Q is the discharge, A is the cross-sectional area of flow, t is the time, s is the curvilinear 
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coordinate along discharge centerline measured from the upstream entrance, q is the lateral inflow 
rate per unit length, His the stage or water-surface elevation, and S is the energy gradient. The 
upstream boundary condition for water routing is the inflow hydro graphs; the downstream condition 
is the stage-discharge relation or the base-level variation . Techniques for numerical solution ofEqs. 
1 and 2 are described by Chen (1973) and Fread (1971 , 1974), among others. 

Enter inpu t data 

Sediment routing 

Adjustments in width, bed profile 
and changes due to curvatu re effect 

No 

Fig. 2 F low chart showing major steps of computation for FLUVIAL model 

In a curved channel, the total energy gradient, S, in Eq. 2 is partitioned into the longitudinal 
energy gradient, S', and the transverse energy gradient, S", due to secondary currents, i.e. 

S = S' + S" (3) 

The longitudinal energy gradient can be evaluated using any valid flow resistance relationship. If 
Manning's formu la is employed, the roughness coefficient n must be selected by the modeler. 
However, if a formula for al luvial bed roughness (e.g., Brownlie's formula, 1983) is used, the 
roughness coefficient is predicted by the formula. 
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Method for evaluating the transverse energy gradient by Chang (1983) is used in the model. 
Because of the streamwise changing curvature, the transverse energy loss varies with the growth and 
decay of secondary currents. Analytical relationships pertaining to curved channels are often based 
upon the mean channel radius, r e. Under the streamwise changing curvature, the application of such 
relationships is limited to fully-developed transverse flow for which the curvature is defined . 
Streamwise variation of transverse flow, over much of the channel length, is characterized by its 
growth and decay. In order to describe this spatial variation, the mean flow curvature defined as the 
flow curvature along the discharge centerline is employed. It is assumed that analytical relationships 
for developed transverse flows are applicable for developing transverse flows when the mean 
channel curvature, r e, is replaced by the mean flow curvature, rf Upon entering a bend, the mean 
flow curvature increases with the growth in transverse circulation. In a bend, the transverse flow 
becomes fully developed if the flow curvature approaches the channel curvature. In the case of 
exiting from a bend to the downstream tangent in which the channel curvature is zero, the flow 
curvature decreases with the decay of transverse circu lation. 

The reason that the flow curvature lags behind the channel curvature during circulation 
growth and decay is attributed to the internal turbulent shear that the flow has to overcome in 
transforming from parallel flow into the spiral pattern and vice versa. From the dynamic equation 
for the transverse velocity, an equation governing the streamwise variation in transverse surface 
velocity, v, was derived (Chang, 1984). In finite difference form , the change in v over the distance 
.6.s is given by 

u 
v;+J = { v; + FJ(j) - exp[F2 (f) .6.s] .6.s }exp[-F2 (f) .6.s] (4) 

r e 

where vis the transverse surface velocity along discharge centerline, U is the average velocity of a 
cross section , i and i+ 1 ares-coordinate indices, F1 and F2 are functions of /(friction factor) and 
depth, and the overbar denotes averaging over the incremental distance between i and i+ 1. Eq. 4 
provides the spatial variation in v, from which the mean flow curvature may be obtained using the 
transverse velocity profile. From the transverse velocity profile by Kikkawa, et al. (1976), the mean 
flow curvature, r;; is related to the transverse surface velocity as 

De U 1 0 1 5 j l /~ 
rf=-- { - - --(- ) J 

K V 3 K 9 2 
(5) 

where De is the flow depth at di scharge centerline (thalweg) and K is the Karman constant. At each 
time step, the mean flow curvature at each cross section is obtained using Eqs. 4 and 5. Accuracy of 
computation for the finite-difference equati on (Eq. 4) is maintained if the step size .6.s:::; 2De. For 
this reason , the distance between two adjacent cross sections is divided into smaller increments if 
necessary . Flow parameters for these increments are interpo lated from va lues known at adjacent 
cross sections. 

If the temporal terms in Eqs. 1 and 2 are ignored , water routing may be s implified by 
computing water-surface profiles at successive time steps. Thi s option is available in the model. 
Computation of the water-surface profile at each time step is based upon the standard-step method 
(see Chow, 1957) using techniques similar to the HEC-2 computer model (U. S. Army Corps of 
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Engineers, 1982). For many cases, spatial variation in discharge due to channel storage is small and 
this technique produces closely similar results as the unsteady routing. 

VI. SEDIMENT ROUTING 

The sed iment routing component for the FLUVIAL model has the following major features: 
(1) Computation of sediment transport capacity using a suitable formula for the physical conditions, 
(2) determination of actual sed iment discharge by making corrections for sorting and diffusion, (3) 
upstream conditions for sediment inflow, and (4) numerical solution of the continuity equation for 
sediment. These features are evaluated at each time step, the resu lts so obtained are used 111 

determining the changes in channel configuration. 

Determination of Sediment Discharge 

To treat the time-dependent and non-equilibrium sediment transport, the bed material at each 
section is divided into several, say five, size fractions; the size for each fraction is represented by its 
geometric mean. For each size fraction, sediment transport capacity is first computed using a 
sediment-transport formula. The FLUVIAL model currently provides the choices ofthe following 
six sediment formulas: (1) Engelund-Hansen form ula (1967), (2) Yang's unit stream power formula 
(1972, 1986), (3) Graf's formula (1970), ( 4) Ackers-White formu la, (5) Parker, et al. formu la for 
gravel (1982), and (6) Meyer-Peter and Muller bedload formu la. The actual sediment rate is 
obtained by considering sediment material of all size fractions a lready in the flow as well as the 
exchange of sediment load with the bed using the method by Borah et al. (1982). If the stream 
carries a load in excess of its capacity, it will deposit the excess material on the bed. In the case of 
erosion, any size fraction avai lab le for entrainment at the bed surface will be removed by the flow 
and added to the sediment a lready in transport. During sediment removal, the exchange between the 
flow and the bed is assumed to take place in the active layer at the surface. Thickness of the active 
layer is based upon the relation defined by Borah, et a l. This thickness is a function of the material 
size and composition, but a lso reflects the flow cond ition. During degradation, several of these 
layers may be scoured away, resulting in the coarsening of the bed material and formation of an 
armor coat. However, new active layers may be deposited on the bed in the process of aggradation. 
Materials eroded from the channel banks, excluding that portion in the wash load size range, are 
included in the accounting. Bed armoring develops if bed shear stress is too low to transport any 
avai lable size. 

The non-equilibrium sediment transport is a lso affected by diffusion, particularly for finer 
sediments. Because of diffusion , the deposition or entrainment of sediment is a gradual process and 
it takes certain travel time or distance to reach the transport capacity for a flow condition. 
Therefore, the actual sediment discharge at a section depends not only on the transport capac ity at 
the section but also on the supply from upstream and its grad ual adjustment toward the flow 
condition of this section. In the model, the sed iment discharge is corrected for the diffusion effects 
on deposition and entrainment using the method by Zhang, et a l. (1983). The procedures for 
computing sediment transport rate, sediment sorting and diffusion are app lied to the longitudinal and 
transverse directions. They are a lso coupled with bed-profile evo lution, wh ich is described later in 
this section. 

Sediment discharge may be limited by availability, as exemplified by the flow over a grade-
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control structure or bed rock. The very high transport capacity at such a section, associated w ith the 
high velocity, is limited by the supply rate from upstream; that is, the sediment di scharge at such a 
section is under upstream control. 

Upstream Boundary Conditions for Sediment Inflow 

The rate of sed iment inflow into the study reach is provided by the upstream boundary 
condition for sediment. If this rate is known, it may be included as a part of the input and used in the 
simulati on. U nfortunate ly, sediment rating data are rarely very reliable or simply not available. For 
such cases, it is assumed that the river channel remains unchanged above the study reach, and 
sed iment inflow rate is computed at the upstream section at each time step, the same way they are 
computed at other cross sections. For thi s reason, the study reach should extend far enough 
upstream so that the channel beyond may be considered basically stable. Factors that may induce 
river channel changes must be included in the study reach. 

Numerical Solution of Continuity Equation for Sediment 

Changes in cross-secti onal area, due to longitudinal and transverse imbalances in sediment 
di scharge, are obtained based upon numerical so lution of continuity eq uations for sediment in the 
respective directions. F irst, the continuity equation for sediment in the long itudinal direction is 

o Ab o Qs 
(1 - A.) - +--qs= O 

at as 
(6) 

where A is the porosity of bed material , Ab is the cross-sectiona l area of channel within some 
arb itrary frame, Qs is the bed-material di scharge, and qs is the lateral inflow rate of sediment per unit 

length. According to this equation, the time change of cross-sectional area o Abl o t is related to the 

longitudinal grad ient in sediment discharge oQsiCJs and lateral sediment inflow qs. In the absence of 

qs, long itudinal imbalance in Qs is absorbed by channe l adjustments toward establishing unifo rmity 
in Qs. 

The change in cross-sectiona l area M b for each section at each time step is obtained through 
numerica l so lution of Eq. 6. Thi s area change w ill be applied to the bed and banks following 
correction techniques fo r channel w idth and channel-bed profile. 

From Eq. 6, the correction in cross-sectional area of channel bed fo r a time increment can be 
written as 

(7) 

At a section i, the lateral sed iment inflow may be written as 

j j+ l 

qs = - ( qs + qs ) (8) 
i 2 i i 
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where superscripts j and j+ 1 are the times at t and t+M, respectively. This model employs an 

upstream difference in s and a centered difference in t for the partial derivative, a Qslas, in Eq. 6, 

t. e. 

2 (d.;+ g,;' Q<, + Q,/;') 
6.si + /:;:..si-1 2 2 

(9) 

where 6.si is the distance between sections i and i+ l , /;:.si-t is the distance between i-1 and i. With 
this upstream difference for a Qsl as, the change in bed area at a section i depends on sediment rates 

at this section and its upstream section i-1 ; it is independent of the sediment rate at the downstream 
section. In other words, it is under upstream contro l. Contrary to this, the stage at a section in 
subcritical flow depends on the downstream stage and is independent of the upstream stage; i.e., the 
stage is under downstream control in a subcritical flow. 

VII. SIMULATION OF CHANGES IN CHANNEL WIDTH 

The change in cross-sectional area M b obtained in sediment routing represents the correction 
for a time increment M that needs to be applied to the bed and banks. With M b being the total 
correction, it is possible for both the bed and banks to have deposition or erosion; it is also possible 
to have deposition along the banks but erosion in the bed and vice versa. The direction of w idth 
adj ustment is determined fo ll owing the stream power approach and the rate of change is based upon 
bank erodibi lity and sediment transport described in the fo llowing. 

Direction of Width Adjustment 

For a time step, w idth corrections at all cross sections are such that the streamwise 
distribution of stream power for the reach moves toward uniformity; these corrections are subject to 
the physical constraint of rigid banks and I imited by the amount of sediment removal or deposition 
a long the banks within the time step. A r iver channel undergoing changes usually has nonuniform 
spatial distribution in power expenditure or yQS. Usually the spatial variation in Q is small , but that 
inS is pronounced. An adjustment in width reflects the river's adj ustment in flow resistance, that is, 
in power expenditure. A reduction in width at a cross section is usually associated with a decrease 
in energy grad ient for the section, whereas an increase in width is accompanied by an increase in 
energy gradient. To determine the direction of width change at a section I, the energy gradient at 
this section , Si, is compared with the weighted average of its adjacent sections, Si. Here 

si = -------- (10) 

If the energy gradient Si is greater than Si, channel width at this section is reduced so as to decrease 
the energy gradient. On the other hand, if Si is lower, channel width is increased in order to raise the 
energy grad ient. These changes are subject to the rate of width adjustment and physical constraints. 
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Width changes in alluvial rivers are characterized by widening during channel-bed 
aggradation (or fill) and reduction in width at the time of degradati on (or sco ur) . Such river channel 
changes represent the river's adjustments in resistance to seek equal power expenditure along its 
course. A degrading reach usua lly has a hi gher channel-bed elevation and energy gradient than do 
its adj acent sections. Formation of a narrower and deeper channel at the degrading reach decreases 
its energy gradient due to reduced boundary resistance. On the other hand, an aggrading reach is 
usually lower in channel-bed e levation and energy gradi ent. Widening at the aggrading reach 
increases its energy gradi ent due to increasing boundary resistance. These adjustments in channel 
width reduce the spatial variation in energy grad ient and total power expenditure of the channel. 

Rate of Width Adjustment 

For a time increment, the amount of width change depends on the sediment rate , bank 
configuratio n and bank erodibility. The slope of an erod ible bank is limited by the angle of repose 
of the material. The rate of width change depends on the rate at which sed iment materia l is removed 
or deposited a long the banks. For the same sediment rate, width adjustment at a tall bank is not as 
rapid as that at a low bank. The rates of width adjustment for cases of width increase and decrease 
are somewhat diffe rent as descri bed below separately. 

An increase in width at a channel section depends on sediment removal a long the banks. The 
maximum rate of widening occurs when sediment inflow fro m the upstream section does not reach 
the banks of this section while bank mater ial at this section is be ing removed. River banks have 
different degrees of resistance to erosion; therefore, the rate of sed iment removal along a bank needs 
to be modified by a coefficient. For this purpose, the bank erodibility factor is introduced as an 
index for the eros ion of bank material and the four bank types reflecting the var iat ion in erod ibility 
are c lass ified as follows 

(1) Non-erod ible banks. 
(2) Erosion-res istant banks, characterized by hi ghly cohes ive material or substantial 
vegetation, or both. 
(3) Moderately erod ible banks having medium bank cohesion. 
(4) Eas ily erodibl e banks with noncohesive material. 

Values of the bank erodi bility factor vary from 0 for the first type to I fo r the last type of banks. The 
values of0.2 and 0.5 have been empirica lly determined for the second and third types, respectively, 
based upon test and ca libration of the model us ing fie ld data from rivers in the western U. S. 
However, the bank erod ibili ty factor shou ld sti ll be calibrated whenever data on width changes are 
available. 

A decrease in channel w idth is accompli shed by sediment deposition a long the banks or by a 
decrease in stage, or both. For practical reasons, deposition does not exceed the stage in the model. 
The maximum amount of width reduction at a section occurs when sed iment inflow from the 
upstream section is spread out at this section and the sediment removal from the bank areas at this 
section is zero. Within the I imit of w idth adjustment, changes in width are made at a ll cross sections 
in the study reach toward estab li shing uniformity in power expenditure. 

VIII. SIMULATION OF CHANGES IN CHANNEL-BED PROFILE 

After the banks are adjusted, the remaining correction for M b is applied to the bed. 
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Distributions of erosion and deposition, or scour and fill , at a cross section are usually not uniform. 
Generally speaking, deposition tends to start from the low point and is more uniformly distributed 
because it tends to build up the channel bed in nearly horizontal layers. This process of deposition is 
often accompanied by channel widening. On the other hand, channel-bed erosion tends to be more 
confined with greater erosion in the thalweg. This process is usually associated with a reduction in 
width as the banks s lip back into the channel. Such characteristic channel adjustments are effective 
in reducing the streamwise variation in stream power as the river seeks to establish a new 
equilibrium. In the model , the allocation of scour and fill across a section during each time step is 
assumed to be a power function of the effective tractive force 1:0 - Tc, i.e. 

( 'l:o - 1:c)111 

~z = ~b 
I: ( co - 'tc)111 ~Y 

(11) 

B 

where ~z is the local correction in channel-bed elevation, To (given by yDS) is the local tractive 
force , Tc is the critical tractive force , m is an exponent, andy is the horizontal coordinate, and B is 
the channel width. The value ofLc is zero in the case of fill. 

The m value in Eq. 11 is generally between 0 and 1; it affects the pattern of scour-fill 
allocation. For the schematic cross section shown in Fig. 3, a small value ofm, say 0.1 , would mean 
a fairly uniform distribution of ~z across the section; a larger value, say 1, will give a less uniform 
distribution of ~z and the local change will vary with the local tractive force or roughly the depth. 
The value of m is determined at each time step such that the correction in channel-bed profile w ill 
result in the most rapid movement toward uniformity in power expend iture, or linear water-surface 
profile, along the channel. 

Fig. 3. Corrections of bed profile for aggradation and degradation. They are made in such 
ways that water-surface profile or power expenditure moves toward uniformity. 

Equation 11 may only be used in the absence of channel curvature. The change in bed area 
at a cross section in a curved reach is 

(12) 
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where r1is the radius of curvature at the di scharge centerline or thalweg. Because of the curvature, 
adjacent cross sections are not parallel and the spacing !1s between them varies across the w idth . 
Therefore, the distribution of & g iven in Eq. 11 needs to be weighted according to the r-coordinate 
with respect to the thalweg radius, r1/r, i.e . 

('to - 'tcl'!r 
l::,z = m !lAb 

L ('to - 'tc) /r !:1r 
B 

(1 3) 

IX. SIMULATION OF CHANGES DUE TO CURVATURE EFFECT 

Simulat ion of curvature-induced scour and depos ition is based upon the fl ow curvature for 
w hich the streamw ise vari at io n is g iven by Eq. 4. The maj or features of transverse sediment 

transport and changes in bed topography are described below. 

Sediment transport, in the presence of transverse flow, has a component in that direction. 
Sed iment movement in the transverse direction contributes to the adjustment of transverse bed 
profil e. In an unsteady fl ow, the transverse bed p rofile varies with time, and it is constantly adjusted 
toward equilibrium through scour and deposition. The transverse bed load per unit channel length 
q6' can be re lated to the streamw ise transport q6. Such a relati onship by Ikeda (1982) can be written 
in parametric form as 

(14) 

where 8 is the angle of deviation of bottom currents from the streamwise directi on. The near-bed 
transverse ve loc ity is a functi on of the curvature, and it is computed using the fl ow curvature. 

Equation 14 re lates the directi on of bed-load movement to the direction of near-bed ve locity 
and transverse bed slope az!ar. As transverse velocity starts to move sediment away from the 

concave bank, it creates a transverse bed slope that counters the transverse sediment movement. An 
eq uilibrium is reached, i.e. , q6' = 0, when the effects of these oppos ing tendenci es are in ba lance. 
Transverse bed-profi le evo lut ion is re lated to the var iation in bed-mate ria l load. Ikeda and 
N ishimura (1986) deve loped a method fo r estimating transport and diffusion of fi ne sediments in the 
transverse direction by verti cal integration of suspended load over the depth. T heir model for 
predicting the transverse bed s lope is a lso employed . 

Changes in channel-bed elevati on at a point due to transverse sediment movement are 
computed using the transverse cont inui ty equation fo r sediment 

az 1 1 a 
- + ---- (r qs') = 0 
at 1 - 'A r ar 

Written in fi ni te difference form with a fo rward di fference fo r qs', this equation becomes 
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~~ 2 rk+ lq
1
sk+ J-rkq

1
sk 

f.,zk = ----------

1 -A rk rk+ l - rk-1 

(16) 

where k is the radial (transverse) coordinate index measured from the center of radius. Equation 16 
provides the changes in channel-bed elevation for a time step due to transverse sediment movement. 
These transverse changes, as well as the longitudinal changes, are applied to the stream bed at each 
time step. Bed-profile evolution is simulated by repeated iteration along successive time steps. 

X. TEST AND CALIBRATION OF FLUVIAL-12 

The accuracy of a mathematical model depends on the physical foundation, numerical 
techniques, and physical relations for momentum, flow resistance and sediment transport. Test and 
calibration are important steps to be taken for more effective use of a model. Because of the 
difference in sensitivity of simulated results to each relation or empirical coefficient, more attention 
needs to be paid to those that generate sensitive results. Major items that require calibration include 
the roughness coefficient, sediment transport equation, bank erodibility factor, bed erodibility factor, 
and so on. 

To determine the sensitivity offlow, the sediment transport, and the channel changes caused 
by the variation of each variable, different values of the variable need to be used in simulation runs 
and the results so obtained are compared. Generally speaking, the rate of channel changes is more 
sensitive to the sediment rate computed from a sediment equation but the equilibrium channel 
configuration is less sensitive. For example, the constriction scour at a bridge crossing, or the 
equilibrium local scour at a bridge pier, is found to be more or less independent of the sediment 
equation, or sediment size, since both inflow and outflow rates of sediment are affected by about the 
same proportion. It may also be stated that the rate of widening is sensitive to the bank erodibility 
factor but that the equilibrium width is not nearly as sensitive. 

Field data are generally used for test and calibration of a model. The required information 
includes channel configuration before and after the changes, a flow record, and sediment 
characteristics. Data sets with more complete information are also more useful. The FLUVIAL-12 
has undergone test and calibration using many data sets. Such studies together with their respective 
references are given below. Many such data sets are also useful for the test and calibration of other 
models. 

(1) Test and Calibration Study Using Data from the San Diego River in Southern California. Chang, 
H. H., 1982, "Mathematical Model for Erodible Channels" , Journal ofthe Hydraulics Division, 
ASCE, I 08(HY5), 678-689. Closure in 109(HY4), 655 -656. 

(2) Test and Calibration Study Using Data from the Inlet Channel of San Elijo Lagoon in Southern 
California. Chang, H. H., and Hill, J. C., 1977, "Minimum Stream Power for Rivers and Deltas," 
Journal ofthe Hydraulics Division, ASCE, 103(HY12), 1375-89. 

(3) Test and Calibration Study Using Data from the San Dieguito River in Southern California. 
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Chang, H. H., 1984, "Modeling of River Channel Changes", Journal of Hydraulic Engineering, 
ASCE, 110(2), 157-172. Closure in 113(2), 1987, 265-267. 

(4) Test and Calibration Study Using Data from the San Lorenzo River in Northern California. 
Chang, H. H. , 1985, "Water and Sediment Routing through Curved Channels", Journal of Hydraulic 
Engineering, ASCE, 111 ( 4 ), 644-65 8. 

(5) Test and Cal ibration Study Using Data from San Juan Creek in Southern California. Chang, H. 
H. , 1987, "Modeling Fluvial Processes in Streams with Gravel Mining," in Sediment Transport in 
Gravel-Bed Rivers, Thorne, et al. editors, John Wiley & Sons, pp. 977-988. Also presented at the 
International Workshop on Problems of Sediment Transport in Gravel -Bed River, Co lorado State 
University, August 12-17, 1985. 

(6) Test and Calibration Using the Missouri River Data in Iowa. Chang, H. H. , 1988, "Test and 
Calibration Study of the FLUVIAL Model Using the Missouri River Data" , Prepared for the 
Waterways Experiment Station, U.S. Army Corps of Engineers, Under Contract "Computer-Based 
Design of River Bank Protection" , No. DACW39-87-0039. 

(7) Test and Calibration Study Using Data from the Santa Clara River in Southern California. 
Chang, H. H. and Stow, D. , 1989, "Mathematical Modeling ofFluvial Sediment Delivery" , Journal 
ofWaterway, Port, Coastal, and Ocean Engineering, ASCE, 115(3), 311-326. 

(8) Test and Calibration Study Using Data from the Fal l River in Co lorado. Chang, H. H., 1991 , 
"Simulation of Bed Topography in a Meandering River" , Proceedings of the Fifth Interagency 
Sedimentation Conference, Las Vegas, NV, March 21-28. 

(9) Test and Calibration Study Using Data from the San Luis Rey River in Southern Cal ifornia. 
Chang, H. H. , 1991 , "Computer Simulation of River Channel Changes Induced by Sand Mining" , 
Proceedings oflnternational Conference on Computer Applications in Water Resources, July 3-6, 
Taipei , Taiwan, Vol. 1, 226-234. 

(1 0) Test and Calibration Study Using Data from Stony Creek in Northern California. Chang, H. H. , 
Harris, C. , Lindsay, W. , Nakao, S. S., and Kia, R. , 1993, "Selecting Sediment Transport Equation for 
Scour Simulation at Bridge Crossing", Proceedings of the 1993 ational Conference on Hydraulic 
Engineering, San Francisco, CA, July 25-30, pp. 1744-1949. Chang, H. H. , 1994, "Se lect ion of 
Gravel-Transport Formula for Stream Modeling", Journal of Hydraulic Engineering, ASCE, Vol. 
120, No.5 , May, pp. 646-651 . 

(11) Test and Calibration Study Using Data from the Feather River in Northern California. Chang, 
H. H., 1993, "Numerical Modeling for Sed iment-Pass-Through Operations ofReservoirs on North 
Fork Feather River" , prepared for Pacific Gas & Electric Company, San Francisco. Chang, H . H., 
Harrison, L. , Lee, W., and Tu , S., 1996, "N umerical Mode ling for Sediment-Pass-Through 
Reservoirs" , Journal of Hydraulic Engineering, ASCE, Vol. 122, No.7, pp. 381-388. 

(12) Test and Calibration Study Using Data from the San Dieguito River in Southern California for 
the 1993 Floods. Chang, H. H. , Grove, R. , and Pearson, D., 2001 , "Modeling Changes in an 
Ephemeral Coastal River", Journal of Floodplain Management, Floodplain Management 
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Association , Vol. 2, No.2, Apri l, pp. 17-28. 

(13) Test and Calibration Study Us ing Data from a Tidal Inlet with Oscillating T idal Flow. Chang, 
H. H., 1997, "Modeling Fluvial Processes in Tidal Inlet", Journal of Hydraulic Engineering, ASCE, 
Vol.123,No.12, pp.1161-1165. 

(14) Correlation Study ofFLUVIAL-12 Model Using Flume Data from National Taiwan University, 
Master ' s Thesis by Thomas Macchiarella, San Diego State University, May 2001. 

(15) Chang, H.H. , "A Case Study of Fluvial Modeling of River Responses to Dam Removal", 
Journal of Hydraulic Engineering, ASCE, 2006. 
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APPENDIX B. USERS INSTRUCTIONS FOR THE FLUVIAL MODEL 

I. INPUT DESCRIPTION 

The basic data requirements for a modeling study include (1) topographic maps of the river 
reach from the downstream end to the upstream end of study, (2) digitized data for cross sections iri 
the HEC-2 format with cross-sectional locations shown on the accompanying topographic maps, (3) 
flow records or flood hydrographs and their variations along the study stream reach, it any, and (4) 
size distributions of sediment samples along the study reach. Additional data are required for special 
features of a study river reach. 

The HEC-2 format for input data is used in all versions of the FLUVIAL model. Data 
records for HEC-2 pertaining to cross-sectional geometry (XI and GR), job title (Tl , T2, and T3), 
and end of job (EJ), are used in the FLUVIAL model. If a HEC-2 data file is available, it is not 
necessary to delete the unused records except that the information they contain are not used in the 
computation. For the purpose of water- and sediment-routing, additional data pertaining to sediment 
characteristics, flood hydrograph, etc. , are required and supplied by other data records. Sequential 
arrangement of data records are given in the following. 

Records 

T1,T2,T3 
Gl 
G2 
G3 
G4 
GS 
G6 
G7 
GS 
GB 
GQ 
GI 
XI 
XF 
GR 

Description of Record Type 

Title Records 
General Use Record 
General Use Records for Hydrographs 
General Use Record 
General Use Record for Selected Cross-Sectional Output 
General Use Record 
General Use Record for Selecting Times for Summary Output 
General Use Record for Specifying Erosion Resistant Bed Layer 
General Use Records for Initial Sediment Compositions 
General Use Records for Time Variation of Base-Level 
General Use Records for Stage-Discharge Relation of Downstream Section 
General Use Records for Time Variation of Sediment Inflow 
Cross-Sectional Record 
Record for Specifying Special Features of a Cross Section 
Record for Ground Profile of a Cross Section 

SB Record for Special Bridge Routine 
BT Record for Bridge Deck Definition 
EJ End of Job Record 

Variable locations for each input record are shown by the field number. Each record has an 
input format of (A2, F6.0, 9F8 .0). Field 0 occupying columns 1 and 2 is reserved for the required 
record identification characters. Field 1 occupies columns 3 to 8; Fields 2 to I 0 occupy 8 columns 
each. The data records are tabulated and described in the following. 
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Tl, T2, T3 Records- T hese three record s are ti t le records that are required fo r each job. 

Field Variable Value Description 

0 IA T 1 Record identi ficat ion characters 

1- 10 None N umbers and a lphanumeric characters fo r title 

G 1 Record- Thi s record is required for each j ob, used to enter the general parameters li sted be low. 
Thi s record is pl aced right after the Tl , T2, and T3 records. 

Field Variable Value 

0 IA 

TYME 

2 ETIME 

3 DTMAX 

4 ISED 

5 BEF 

6 rue 

7 CNN 

8 PTM l 

G1 

+ 

+ 

+ 

1 
2 

3 
4 
5 
6 

+ 

0 
1 

+ 

+ 

Description 

Record identificati on characters 

Starting t ime of computat ion on the hydrograph, in hours 

Ending time of computation on the hydro graph , in hours 

Max imum time increment .!1t a ll owed, in seconds 

Select Grafs sediment transport equation. 
Select Yang's uni t stream power equation. 
The sediment size is between 0.063 and 1 0 mm. 
Se lect Engelund-Hansen sediment equat ion. 
Select Parker gravel equation. 
Select Ackers-Whi te sediment eq uation. 
Select Meyer-Peter M ull er equation fo r bed load. 

Bank erodibility factor for the study reach. T hi s value is used 
for each section unless otherwise specified in Fie ld 9 of the XF 
record . Use I for highl y erodible banks; 0 .5 for moderate ly erodi
ble banks; and 0.2 fo r eros ion- res istant banks. A ny va lue between 0 
and I may be used . 

Engli sh un its are used in input and output. 
Metr ic un its a re used in inp ut and output. 

Manning's n value for the study reach. This value is used for a sec
tion unl ess otherwise specifi ed in F ield 4 of the XF record. If bed 
roughness is comp uted based upon alluvial bedforms as specifi ed in 
F ie ld 5 of the G3 record, only an approx imate n value needs to be 
entered here . 

F irst time point in hours on the hydrograph at which summary out
put and compl ete cross-sect ional output are requested. It is usually 
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9 PTM2 + 

10 KPF + 

the peak time, but it may be left blank if no output is requested. 

Second time point on the hydrograph in hours at which summary 
output and complete cross-sectional output are requested. It is 
usually the time just before the end of the simulation. This field 
may be left blank if no output is needed. 

Frequency of printing summary output, in number of time steps. 
The default value is 1. 

G2 Records- These records are required for each job, used to define the flow hydrograph(s) in the 
channel reach. The first one (or two) G2 records are used to define the spatial variation in water 
discharge along the reach ; the succeeding ones are employed to define the time variation(s) of the 
discharge. Up to 10 hydrographs, with a maximum of 120 points for each, are currently 
dimensioned. See section II for tributaries. These records are placed after the G 1 record. 

Field Variable Value 

First G2 
0 IA G2 

IHPl + 

2 NPl + 

3 IHP2 + 

4 NP2 + 

5 IHP3 + 

6 NP3 + 

7 IHP4 + 

8 NP4 + 

Description 

Record identification characters 

Number of last cross section using the first (downstream most) hydro
graph. The number of section is counted from downstream to 
upstream with the downstream section number being one. See also 
section II. 

Number of points connected by straight segments used to define 
the first hydrograph . 

Number of last section using the second hydrograph if any. 
Otherwise leave it blank. 

Number of points used to define the second hydrograph if any . 
Otherwise leave it blank. 

Number of last section using the third hydrograph if any. 
Otherwise leave it blank. 

Number of points used to define the third hydro graph if any. 
Otherwise leave it blank. 

Number of last section using the fourth hydrograph if any. 
Otherwise leave it blank. 

Number of points used to define the fourth hydrograph if any . 
Otherwise leave it blank. 
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9 IHP5 

10 NP5 

+ 

+ 

Number of last secti on us ing the fi fth hydrograph if any. 
Otherwise leave it blank. 

Number of po ints used to define the fifth hydro graph if any. 
Otherwise leave it blank. 

Second G2 : Note that thi s record is used only if more than 5 hydrographs are used for the job. It is 
necessary to place a negative s ign in front ofNP5 located in the 1Oth fi e ld of the first G2 record as a 
means to spec ify that more than 5 hydrographs are used. 

0 IA 

IHP6 

G2 

+ 

Record identification characters 

N umber of last cross section using the sixth hydrograph if any. 
Otherwise leave it b lank. 

2 NP6 + N umber of points connected by straight segments used to define 
the s ixth hydrograph if any. Otherw ise leave it blank. 

3 IHP7 + 

4 NP7 + 

5 IHP8 + 

6 N P8 + 

7 IHP9 + 

8 N P9 + 

9 IHP lO + 

10 N PlO + 

Succeeding G2 Reco rd (s) 
1 Q11 , Q2 1 + 

Q31 

2 TM 11 ,TM2 1 + 
TM31 

3 Q1 2, Q22 + 
Q32 

N umber of last section using the seventh hydrograph if any. 
Otherwise leave it blank. 

N umber of po ints used to define the seventh hydrograph 

N umber of last section using the eighth hydro graph if any . 
Otherw ise leave it blank. 

N umber of po ints used to define the e ighth hydrograph 

N umber of last section us ing the ninth hydrograph if any . 
Otherwise leave it blank. 

N umber of points used to defin e the ninth hydrograph 

N umber of last section us ing the tenth hydrograph if any . 
Otherwise leave it bl ank. 

N umber of points used to define the tenth hydro graph 

Discharge coordinate of po int 1 fo r each hydrograph , 
in ft3/sec or m3/sec 

T ime coordinate of po int 1 fo r each hydrograph , in hours 

Discharge coordinate of point 2 for each hydrograph, in cfs or ems 
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4 TM12,TM 22 + T ime coordinate of po int 2 for each hydro graph, in hours 
TM32 

Continue with additional di scharge and time coordinates. Note that time coordinates must be in 
increas ing order. 

G3 Record- This record is used to defin e required and optional river channel features fo r a j ob as 
li sted below. Thi s record is placed after the G2 records. 

Field Variable Value Description 

0 IA G3 Record identification characters 

s 11 + Slope of the downstream section, required fo r a j ob 

2 BSP 0 One-on-one slope fo r rigid bank or bank protect ion 
+ Slope of bank protection in BSP horizontal units on 1 vertical unit. 

In the case of verti ca l bank, use 0.05 fo r BSP. Thi s value is used fo r 
a ll cross secti ons unl ess otherwise specified in F ie ld 8 of the XF 

record 
fo r a section. 

3 DSOP 0 Downstream slope is a llowed to vary during s imulation. 
Downstream slope is fixed at S 11 given in F ield 1. 

4 TEMP 0 Water temperature is 15°C. 
+ Water temperatu re in degrees Cels ius 

5 ICNN 0 Manning's n defined in F ield 7 of the G 1 record or those in F ield 4 of 
the XF records are used. 
Brownlie's formula fo r a lluv ia l bed roughness is used to calculate 
Manning's n in the simulation. 

6 TDZAMA 0 Thickness of erodible bed layer is 100 ft (30.5 m). 
+ Thickness of erodible bed layer in ft or m. Thi s value is applied to 

the entire channe l reach but it may be redefined fo r a section 
using Field 10 of the XF record . 

7 SPGV 0 Specifi c gravity of sediment is 2.65 . 
+ A value between 1 and 10 is for the specific grav ity of sediment 

QMIN + A value greater that 10 is the minimum discharge in cfs included in 
modeling. Discharges lower than QMIN carry ing no bed sed iment 
are ignored in modeling. 

8 KGS 0 The number of s ize fractions for bed material is 5. 
+ The number of s ize fract ions for bed material. It maximum value is 
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9 PHI 0 
+ 

8. 
The angle of repose for bed material is 36°. 
Angle of repose for bed material 

G4 Record- This is an optional record used to select cross sections (up to 4) to be included at each 
summary output. Each cross section is identified by its number wh ich is counted from the 
downstream section. This record also contains other options; it is placed after the G3 record. 

Field 

0 

2 

3 

4 

5 

6 

7 

10 

Variable Value 

lA G4 

IPLTJ 

IPLT2 

IPLT3 

IPLT4 

IEXCAV 

GIFAC 

PZMIN 

REXCAV 

+ 

+ 

+ 

+ 

+ 

+ 

0 
1 

+ 

Description 

Record identification characters 

N umber of cross section 

Number of cross section 

Number of cross section 

Number of cross section 

A positive integer indicates number of cross section w here sand/gravel 
excavation occurs. 

A non-zero constant is used to modify sediment inflow at the upstream 
section. 

Minimum bed profile during s imulation run is not requested. 
Output file enti tled TZMIN for minimum bed profile is requested. 

A non-zero value specifies rate of sand/gravel excavation at Section 
IEXCAV. 

GS Record- This is an optional record used to specify miscellaneous options, including unsteady
flow routing for the job based upon the dynamic wave, bend flow characteristics. If the unsteady 
flow option is not used , the water-surface profile for each time step is computed using the standard
step method. When the unsteady flow option is used , the downstream water-surface e levation must 
be specified using the GB records. 

Field Variable Value 

0 lA 

DT 

GS 

0 
+ 

Description 

Record identification characters 

The first time step is 1 00 seconds. 
Size of the first time step in seconds. 
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2 IROUT 0 Unsteady water routing is not used; water-surface profiles are com-
puted using standard-step method . 
Unsteady water-routing based upon the dynamic wave is used to 
compute stages and water discharges at a ll cross sections for each 
time step. 

3 PQSS 0 No output of gradation of sediment load 
3 Gradation of sed iment load is inc luded in output in 1 ,000 ppm by 

weight. 

5 TSED 0 Rate oftributary sed iment inflow is 1 times the discharge ratio. 
+ Rate of tributary sediment inflow is TSED times the discharge ratio. 

6 PTV 0 No output of transverse distribution of depth-averaged velocity 
1 Transverse distribution of depth-averaged velocity is printed. The 

velocity distribution is for bends with fu lly developed transverse flow. 

10 DYMAX 0 No GR points are inserted for cross sections. 
+ Maximum value of spacing between adjacent po ints at a cross 

section (ft or m). If th is value is exceeded, intermediate points 
wi ll be inserted by interpo lation. The number of points inserted 
is given in Field 10 of the X3 record in output. 

G6 Record - This is an optional record used to select time points for summary output. Up to 30 
time points may be specified. The printing frequency (KPF) in Field 10 ofthe Gl Record may be 
suppressed by using a large number such as 9999. 

Field Variable Va lue Description 

First G6 Record 
0 IA G6 Record identification characters 

NKPS + Number of time points 

Succeeding G6 Record(s) 
0 IA G6 Record identification characters 

SPTM(l) + First time point, in hours 

2 SPTM(2) + Second time point, in hours 

Continue with additional time po ints. 

G7 Record - This is an optional record used to specify erosion resistant bed layer, such as a caliche 
layer, that has a lower rate of erosion. 
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Field Variable Value 
First G7 Record 

0 lA G7 

KG7 + 

2 THICK + 

Succeeding G7 Record(s) 
0 lA G7 

ERATE(l) + 

2 G7V(2) + 

Description 

Record identification characters 

Number of time points used to define the known erosion rate in 
relation to flow velocity 

Thickness of erosion resi stant layer, in feet 

Record identification characters 

Erosion rate, in feet per hour 

Velocity, in feet per second 

Continue with additional time points. 

GS Record- At least two GS records are required for each job, used to spec ify initial bed-material 
composit ions in the channel at the downstream and upstream cross sections. The first GS record is 
for the downstream section; it should be placed before the first X I record and after the G4 record , if 
any. The second GS record is for the upstream section; it should be placed after al l cross-sectional 
data and just before the EJ record. Additional GS records may be inserted between two cross 
sections within the stream reach, with the total number of GS records not to exceed 15. Each GS 
record specifies the sediment composition at the cross section located before th e record. From 
upstream to downstream, exponential decay in sediment s ize is assumed for the initial distribution . 
Sediment composition at each section is represented by five size fractions . 

Field Variable Value Description 

0 lA GS Record identificat ion characters 

DFF + Geometric mean diameter of the small est size fraction in mm 

2 PC + Fraction of bed material in this size range 

Continue with other DFF's and PC's in the increasing order of sed iment diameter. 

GB Records - These optional records are used to defin e time var iat ion of stage (water-surface 
e levation) at a cross section. The first set of GB records is placed before all cross secti on records 
(X I); it spec ifies the downstream stage. When the GB option is used, it supersedes other methods 
for determining the downstream stage. Other sets ofGB records may be placed in other parts of the 
data set; each specifies the time variation of stage for the cross section immediately fo ll owing the 
GB records. 
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F ield Variab le Value 
First GB Record 

0 IA GB 

KBL + 

Succeeding GB Record(s) 
0 IA GB 

BSLL(1) + 

2 TMBL(l) + 

3 BSLL(2) + 

4 TMBL(2) + 

Description 

Record identification characters 

Number of points used to define base- level changes 

Record identification characters 

Base level of point I , in ft or m 

Time coordinate of point 1, in hours 

Base level of point 2, in ft or m 

Time coordinate of point 2, in hours 

Continue with additional elevations and time coordinates, in the increasing order of time. 

GQ Records - These optional records are used to define stage-discharge relation at the downstream 
section. The GQ input data may not used together with the GB records. 

F ield Variable Value Description 

First GQ Record 
0 IA GQ Record identification characters 

KQL + Number of points used to define base-level changes 

Succeeding GQ Record(s) 
0 IA GQ . Record identification characters 

BSLL(l) + Base level of point 1, in ft or m 

2 TMQ(l) + Discharge of point 1, in cfs or ems 

3 BSLL(2) + Base level of point 2, in ft or m 

4 TMQ(2) + Discharge of point 2, in cfs or ems 

Continue with additional e levations and discharges, in the increasing order of discharge. 

GI Records - These optional records are used to define time variation of sediment discharge 
entering the study reach through the upstream cross section. The GI input data, if included, wil l 
supersede other methods for determining sediment inflow. The sediment inflow is classified into the 
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two fol lowing cases : (1) specified inflow at the upstream section, such as by a rating curve; and (2) 
sediment feeding, such as from a dam breach or from a sediment feeder. These two cases are 
distinguished. For the first case, the upstream section has a set of GS records for its bed material 
composition, placed right after the GR Records. The geometry of th is section does not change. For 
the second case, the upstream section has a set of the GS records for its bed material composition. 
An additional imaginary section needs to be added placed after the upstream section, located at the 
distance ofDX upstream from the upstream section. A set of GS records must be placed after the GR 
records to specify the sediment composition of the inflow sediment. The imaginary section does not 
change in geometry but the upstream section may undergo geometry changes. 

Field Va riable Value 

First GI Record 
0 lA GI 

KGI + 

Succeeding GI Record(s) 
0 IA GI 

QSU(l) + 

2 TMGI(l) + 

3 QS0(2) + 

4 TMGI(2) + 

Description 

Record identification characters 

Number of points used to define time variation of sediment inflow. 

Record identification characters 

Sed iment discharge of point 1, in cubic ft or m (net vo lume) per 
second 

Time coordinate of point 1, in hours 

Sediment discharge of point 2 

T ime coordinate of point 2. 

Continue with additional sediment d ischarges and time coordinates, in the increasing order of time 
coordinates. 

Xl Record- T his record is required for each cross section (175 cross sections can be used for the 
study reach); it is used to specify the cross-sectional geometry and program options app licab le to 
that cross-section. Cross sections are arranged in sequentia l order statiing from downstream. 

Field Variable Value Description 

0 IA XI Record identification characters 

SECNO + Original section number from the map 

2 NP + Total number of stations or points on the next GR records for 
current cross section 

3-6 These fields (Fields 3 to 6) are not used in the model. Numbers in 
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these fie lds are ignored. 

I 7 ox + Length of reach between current cross section and the next down-
stream section along the thalweg, in feet or meters 

I 8 YFAC 0 Cross-section stations are not modified by the factor YF AC. 
+ Factor by which all cross-section stations are multiplied to increase 

or decrease area. It also multiplies YCl , YC2 and CPC in the XF I record, and applies to the CI record. 

9 PXSECE 0 Vertical or Z coordinate of GR points are not modified. I + Constant by which all cross-section elevations are raised or 
lowered 

10 NODA 0 Cross section is subject to change. I 
Cross section is not subject to change. 

I 
XF Record - This is an optiona l record used to spec ify special features of a cross section. 

I Field Variable Value Description 

0 IA XF Record identification characters I 
YCl 0 Regular erodible left bank 

+ Station of rigid left bank in ft or m, to the left of which channel I is nonerodible. Note: This station is located at toe of rigid bank; 
its value must be non-zero and must be equal to one of theY coor-

I dinates in GR records but not the first Y coordinate. 

2 YC2 0 Regu lar erodible right bank 
+ Station of rigid right bank, to the right of which channel is non- I erod ible. Note: This station is located at toe of rigid bank; its value 

must be equa l to one of theY coordinates in GR records but not the 

I last Y coord inate. 

3 RAD 0 Straight channe l with zero curvature 
+ Radius of curvature at channe l centerline in ft or m. Center of radius I is on same side of channe l where the station (Y-coord inate) starts. 

Radius of curvature at channel centerline in ft or m. Center of radius 
is on oppos ite side of zero station. Note: RAD is used only if concave I bank is rigid and so specified using the XF record. RAD produces a 
transverse bed sco ur due to curvature. 

4 CN 0 Roughness of this section is the same as that given in F ield 7 of the I 
G I record. 

+ Manning's n value for this section I 
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5 CPC 0 Center of thalweg coincides with channel invert at this section. 
+ Station (Y-coordinate) ofthe thalweg in ft or m 

6 IRC 0 Regular erodible cross section 
Rigid or nonerodible cross section such as drop structure or road 
crossing. There is no limit on the total number of such cross sections. 

8 BSP 0 Slope of bank protection is the same as that given in Field 2 of the 
G3 record. 

+ Slope of bank protection at this section in BSP horizontal un its 
on 1 vertical unit. Use 0.05 for vertical bank. 

5 Slope of rigid bank is defined by the GR coordinates. 

9 BEFX 0 Bank erod ibili ty factor is defined in Field 5 ofthe G l record. 
+ A va lue between 0.1 and 1.0 for BEFX specifies the bank erod ibili ty 

factor at this section. 
RWD + R WD is the width of bank protection of a small channel in the 

floodplain. Areas outs ide this zone remains erod ible. RWD is 
spec ified by a value greater than 1 (ft or m) in this field. When RWD 
is used, BEFX is not spec ified. 

10 TDZAM 0 Erodib le bed layer at this section is defined by TDZAMA in Field 
6 of the G3 record. 

+ Thickness of erodib le bed layer in ft or m. Only one decimal place 
is allowed for this number. 

ENEB + Elevation of non-erodible bed, used to define the crest elevation of a 
grade-control structure which may be above or below the existing 
channel bed. In order to distinguish it from TDZAM, ENEB must 
have the value of 1 at the second decimal place. For example, the 
ENEB value of365 shou ld be inputted as 365.0 1 and the ENEB value 
of -5.2 should be inputted as -5.21. When E EB is specified, it 
supersedes TDZAM and TDZAMA 

CI Record - This is an optional record used to specify channel improvement options due to 
excavation or fill. The excavation option modifies the cross-sectional geometry by trapezoidal 
excavation. Those points lower than the excavation level are not filled. The fill option modifies the 
cross-sectional geometry by ra ising the bed elevations to a prescribed level. Those points higher 
than the fi II level are not lowered. Excavation and fi ll can not be used at the same time. This record 
should be placed after the X 1 and XF records but before the GR records. The variab le ADDVOL in 
Fie ld 10 of this record is used to keep track of the total vo lume of excavation or fill a long a channel 
reach. ADDYOL spec ifi es the initial vo lume of fi ll or excavation . A value greater or less than 0.1 
needs to be entered in this field to keep track of the total vo lume of fi ll or excavation until another 
ADDYOL is defined. 

Field Variable Value Description 
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0 lA 

CLSTA 

2 CELCH 

4 XLSS 

5 ELFIL 

6 BW 

10 ADD VOL 

G5 

+ 

+ 

+ 

+ 

+ 

0 

+ 

Record identification characters 

Station of the centerline ofthe trapezoidal excavation, expressed 
according to the stations in the GR records, in feet or meter. 

Elevation of channel invert for trapezoidal channel, in feet or 
meters. 

Side slope of trapezoidal excavation, in XLSS horizontal units for 
1 vertical unit. 

F ill elevation on channel bed, in feet or meters. 

Bed width of trapezoidal channel, in feet or meters. This width is 
measured along the cross section line; therefore, a larger value shou ld 
be used if a section is skewed. 

Volume of excavation or fi ll , if any, is added to the total vo lume 
a lready defined. 
In itial volume of fill on channe l bed, in cubic feet or cubic meters. 
Initial vo lume of excavation from channel bed, in cubic feet or meters. 

GR Record - This record specifies the elevation and station of each point for a digitized cross 
section; it is required for each Xl record. 

Field 

0 

2 
3 

4 

Variable Value 

IA GR 

Zl 

Yl 
Z2 

Y2 

II 

II 

II 

II 

Description 

Record identification characters 

Elevation of point 1, in ft or m. It may be positive or negative. 

Station of point 1, in ft or m 
Elevation of point 2, in ft or m 

Station of point 2, in ft or m 

Continue with additiona l GR records using up to 399 points to describe the cross section. Stations 
should be in increas ing order. 

SB Record- This special bridge record is used to specify data in the special bridge routine. Th is 
record is used together with the BT and GR records for bridge hydraulics. This record is p laced 
between cross sections that are upstream and downstream of the bridge. 

Field Variable Value Description 
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I 
I 0 lA SB Record identificat ion characters 

XK + Pier shape coefficient for pier loss 

I 2 XKOR + Total loss coefficient for orifice flow through bridge opening 

I 3 COFQ + Discharge coefficient for weir flow overtopping bridge roadway 

4 IB + Bridge index, start ing with 1 from downstream toward upstream 

I 5 BWC + Bottom width of bridge opening including any obstruction 

I 6 BWP 0 No obstruction (p ier) in the bridge 

I 
Total width of obstruction (piers) 

7 BAREA + Net area of bridge opening below the low chord in square feet 

I 9 ELLC + Elevation of horizontal low chord for the bridge 

10 ELTRD + E levation of horizontal top-of-roadway for the bridge 

I 
BT Record - Thi s record is used to compute conveyance in the bridge section. The BT data 

I defines the top-of -roadway and the low chord profi les of bridge . The program uses the BT, SB and 
GR data to dist ingui sh and to compute low fl ow, orifice flow and we ir flow. 

I Field Variable Value Description 

0 IA BT Record identifi cation characters 

I NRD + Number of points defining the bridge roadway and bridge low chord 
to be read on the BT records 

I 2 RDST(l) + Roadway station corresponding to RDEL(l) and XLCEL(l) 

I 3 RDEL(l) + Top of roadway elevation at station RDST(l) 

4 XLCEL( l) + Low chord elevation at station RDST(l) 

I 5 RDST(2) + Roadway station corresponding to RDEL(2) and XLCEL(2) 

I I 6 RDEL(2) + Top of roadway elevation at station RDST(2) 

7 XLCEL(2) + Low chord elevation at station RDST(2) 

I 
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Continue with additional sets of RDST, RDEL, and XLCEL. 

EJ Record - This record is required fo llowing the last cross section for each job. Each group of 
records beginning with the T1 record is considered as a job. 

Field Variable Va lue Description 

0 IA EJ Record identification characters 

1-10 Not used 

II. INPUT PREPARATION FOR TRIBUTARIES 

Tributaries may be included in the simulation following either a simplified approach or a 
detailed approach. Mixed usage of these two approaches is not currently permitted. 

In the simplified approach, cross-sectional data for a tributary are not required; the tributary 
water discharge is specified in the G2 record; and tributary inflow of sediment is related to the water 
inflow. 

Cross-sectional data are required in the detai led approach. Such cross sections are arranged 
in sequence from the confluence toward upstream just as for the main channel cross sections. They 
are placed in the input file after the main channel cross sections. In addition, the following input 
specifications are required: 

(1) Use a negative sign for the first tributary section number, SECNO, in Fie ld 1 of the X1 record. 
This section number is designated as ITR in the model. 

(2) Use a negative sign for a section number IHP1 , IHP2, etc. in the G2 record. This section 
number in the main channel is designated as ITM in the model. 

(3) Include a GS record just after the cross-sectional data of the main stream. Place another GS 
record after the cross-sectional data of the tributary and just before the EJ record. This GS record is 
used to specify the bed-material composition at the upstream section of the tributary . 

Nine tributaries for detailed analysis are currently allowed for a job. When selecting this 
option, unsteady routing may not used. 

III. OUTPUT DESCRIPTION 

Output of the model include initial bed-material compositions, time and spatial variations of 
the water-surface profile, channel width, flow depth, water discharge, velocity, energy gradient, 
median sediment size, and bed-material discharge. In addition, cross-sectional profiles are printed at 
different time intervals. 
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Symbols used in the output are generally descriptive, some of them are defined below: 

SECTION 
TIME 
DT 
W.S.ELEV 
WIDTH 
DEPTH 

Q 
v 
SLOPE 
050 
QS 
FR 
N 
SED.YIELD 

WSEL 
z 

y 

DZ 
TDZ 

Cross section 
Time on the hydrograph 
Size of the time step or flt in sec 
Water-surface elevation in ft or m 
Surface width of channel flow in ft or m 
Depth of flow measured from channel invert to water surface in ft or m 
Discharge of flow in cfs or ems 
Mean velocity of a cross-section in fps or mps 
Energy gradient 
Median size or d5o of sediment load in mm 
Bed-material discharge for all size fractions in cfs or ems 
Froude number at a cross section 
Manning's roughness coefficient 
Bulk volume or weight of sediment having passed a cross section since 
beginning of simulation, in cubic yards or tons. 
Water-surface elevation, in ft or m 
Vertical coordinate (elevation) of a point on channel boundary at a cross
section, in ft or m 
Horizontal coordinate (station) of a point on channel boundary at a cross
section, in ft or m 
Change in elevation during the current time step, in ft or m 
Total or accumulated change in elevation, in ft or m 

IV. RUNNING THE MODEL 

The executable file ofFLUVIAL-12, FLl2.EXE, may be run on a Personal Computer or a 
main-frame computer. To run it on a PC, just type the command FL12. The computer will respond 
by requesting the input file name and then the output file name. A math coprocessor is required for 
the PC. 

The device codes for running this program on a main-frame computer are as follows: 1 for 
READ, 3 for WRITE into an output file , and 5 for WRITE at the terminal. 

V. IMPORTANT MESSAGES FOR INPUT PREPARATION 

1. The computing time of this program is sensitive to the reach length between two adjacent 
cross sections, DX. Very small reach lengths which may result in excessive computing time should 
be avoided. In HEC-2 , a downstream section and an upstream section are usually used at each 
bridge crossing, but these two sections should be combined into one, if possible, for the FLUVIAL 
application. 

2. The GR points used to define the ground profile should be selected to provide an accurate 
definition of the initial profile. As such, sufficient points should be used for each cross section. 
Also, large spacing between adjacent points should be avoided even ifthere is no difference in initial 
elevation. Detailed results rely upon the adequate number of points used. Use Field 10 ofG5 record 
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to insert points by in te rpo lation. 

3. The number of GR po ints used in defi ning the ground profi le a lso affects the computing 
time because these points are executed a great number of times for each j ob. Points that are 
definitely outside the fl ow boundary leve l should be deleted during initia l ed iting. However, 
because of the poss ibili ty fo r bank eros ion, there should be suffi c ient points to cover any such 
potential changes. 

4. Ineffective fl ow areas should be spec ified, either by exc luding th em from the GR points 
or by raising th e GR elevations above the water leve l. 

5. Very fi ne sediments w ith a grain size less than 0.0625 mm constitute the wash load and 
should normally be exc luded from the size-fraction data on GS records. 

6. The bank erodibility factor, BEF, in Fie ld 5 of Record G I , is a contro l for the rate of 
channel widening. A small value slows down widening. T his value should be calibrated against 
fi e ld data whenever poss ible. 

7. The radius of curvature, RAD, in Fie ld 3 of the XF record should be specified if lateral 
mi gration is simu lated. The rate of latera l migrat ion is controlled by RAD and the bank erod ibili ty 
factor BEFX in Field 9 of the G3 record . In using this option, YC l or YC2 should not be spec ifi ed. 

8. The radius of curvature rc (or RAD) along a reach between two adj acent cross sect ions is 
computed by interpo lating those defined at the cross sections. Since r c has infinite value at a straight 
section, its adj acent reaches also have infinite rc. For thi s reason, a curved reach must be between 
cross sections w ith fi ni te rc values. 
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APPENDIX C. SAMPLE INPUT LISTINGS 

I T1 UPPER SAN DIEGO RIVER NEAR CHANNEL ROAD 
T2 FOR SCOUR PRED ICTI ON AT CHANN EL ROAD AFFECTED BY SAND MINING 

I T3 100-YEAR FLOOD, PEAK 0 = 32000 CFS 
G1 5. 1 190.20 720 3 0.5 0.04 19.98 189.00 12.0 
G2 11 40 

I G2 1250 0 1800 2 3200 8.5 10880 14 32000 19.8 
G2 32000 20. 1 22400 26 9600 34 7540 38 3200 50 
G2 1400 50. 1 4760 54 14000 60 9800 66 2800 70 

I 
G2 1250 70. 1 3040 73 3800 75 2800 80 1250 90 
G2 1250 90. 1 3040 93 3800 95 2800 100 1250 120 
G2 1250 120. 1 3040 123 3800 125 2800 130 1250 140 

I 
G2 1400 140. 1 4760 144 14000 150 9800 156 2800 170 
G2 1250 170 .1 3040 173 3800 175 2800 180 1250 190 
G3 0.005 
GS 0.2 0.2 0.75 0.2 1.50 0.2 2.80 0.2 6.5 0.2 

I GO 5 
GO 365 500 367 1400 368 2500 374 7000 378 34000 
NC 0.04 0.04 0.050 0 .1 0.3 

I ET 5. 1 7.1 5.1 1480 2200 1480 2050 
X1 730 33 1442 .0 2506.4 770 670 889. 
XF 0.045 

I 
GR 381.4 1240. 4 385.5 1248.9 385.1 1281.3 381. 9 1287.2 38 1.8 1344 .2 
GR 380.9 1418. 1 383 .3 1423.8 383.7 1442.0 380.2 1450.2 373.6 1462.3 
GR 371.3 1477.7 370.2 1538 .5 369.6 1639.5 369.1 1690.7 367.9 1700 .8 

I 
GR 366 .9 1768.1 364 .9 1794.5 363.8 1813 .3 364.7 1867.4 368.5 188 1.3 
GR 369 .2 1928.7 368.9 1962.0 366.4 1972.1 364.5 1981.5 366. 1 1987.1 
GR 365 .8 2005.0 365 .2 2006 .3 365.2 2164 .4 367.0 2167.6 380.0 2214.7 
GR 380.0 2264.0 380 .0 2300 380.0 2400 

I ET 5 . 1 7 .1 9.1 1167.7 1800 1167.7 1700 1167.7 1850 
X1 734 23 1167.7 1880.1 470 695 550 .95 
GR 383.7 1100.0 383 .7 1167.8 375.2 1179 .4 371.2 1192.3 372 1221.7 

I GR 370.6 1266.5 370.9 1297 .9 372 .2 1314 .7 371 . 1 1333.6 367.8 1347.4 
GR 366.0 1382.7 367.4 1394.9 369.7 1408.6 371 .2 1440 .4 370.6 1523 .1 
GR 370.7 1629.9 37 1. 8 1700.0 386.0 1735.0 386.4 1794.7 386.8 1821 .3 

I 
GR 387.0 1900.0 387.4 1950 387 .8 2000 
NC .3 .5 
ET 5. 1 7. 1 5. 1 820 1575 820 1470 1000 1350 

I 
X1 738 30 785 1773.9 300 255 298 .82 
GR 393.6 785 393.6 785. 1 392.4 793.5 387 810 382 .3 823.8 
GR 371 860 371 967. 1 371 1006.6 37 1 1028 .3 371 1040 .8 
GR 371.0 1059.7 371 1074.3 371 1101.2 369 .5 1112.6 367 .3 1144.7 

I GR 368.5 1158. 1 368.7 11 75.8 370.0 1187. 1 372 .7 1203.2 372 .3 1268.1 
GR 373.7 1297.5 373.3 1372.5 371.9 1382.6 371.6 1417.4 369.6 1441.5 
GR 369.6 1470.0 388.0 1507.0 388.5 1597.4 389 .0 1694. 1 390 .0 1800.3 

I OT 3 32000 32000 3200 
NC .060 .050 .035 
ET 5 .1 7 .1 5.1 720 1475 720 1370 315 1150 

I 
X1 740 30 680 1751.8 130 130 172 .82 
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XF 
GR 390 680 
GR 375 840.4 
GR 373.6 1063.3 
GR 373 .6 1132.8 
GR 373.0 1224.9 
GR 389.0 1403.0 
ET 5. 1 
X1 741 18 
XF · 
GR 390 680 
GR 373 810 
GR 385 905 
GR 39 1 . 5 1300 
ET 
X1 744 
XF 

5 . 1 
44 

390 680.05 
374.7 856.6 
37 4. 8 1 07 4 . 1 
373 .6 11 57.4 
373 . 7 1261 . 1 
389 .6 1540.3 

7 .1 5. 1 
680 905 

385 720 
373 860 

385 950 
39 1. 7 1400 

7. 1 5. 1 
420 655.0 

0.035 
GR 40 1. 6 0.0 399 .9 40.8 
GR 394 .4 206. 1 392 .8 272 .1 
GR 385 455 380 480 
GR 373 .0 600 373 610 
GR 390 .0 655 39 1. 0 700 
GR 390 .6 1407.6 392 .6 1454.4 
GR 391. 9 1705 .9 392 .7 1792.7 
GR 393.6 2185.3 393.5 2206.6 
GR 403.0 23 15.7 413.5 2335.4 
NC .050 .050 
ET 5. 1 
X1 750 45 
GR 400.8 0.0 
GR 394 .7 86.3 
GR 380 .0 182.8 
GR 379.0 532.9 
GR 390.7 629.2 
GR 393.8 837.5 
GR 393.2 11 52 .6 
GR 394 .8 1646.2 
GR 396 .6 1908.9 
NC .035 .050 
ET 5 .1 
X1 760 44 
GR 406. 1 0.0 
GR 386 .7 87 . 9 
GR 377.4 258.2 
GR 383.3 426.0 
GR 382 .3 554.2 
GR 395 .6 705 .1 
GR 398 .9 987. 4 
GR 404 .9 11 87.5 
GR 397.4 1341 .7 

.045 
7.1 5. 1 

115.6 629.2 
40 1.0 16.9 
390.9 99.6 
379 .6 255.9 
379. 1 584 .9 
39 1.7 691. 1 
393.8 908.5 
393 . 1 1222 . 8 
396.9 1679.0 
399 . 2 1926 . 1 

.070 . 1 
7. 1 5.1 

73.3 620.7 
406.5 29.9 
381.9 95 .6 
377 .8 283.5 
383 .3 480.5 
382 .9 583.2 
396.8 744 .6 
398.3 1025 .7 
408 .2 1203.4 
397.9 1405 .0 

750 
390 680 . 1 

372.7 867 .8 
373.8 1084 .6 
373.6 11 84.7 
372 .3 1294 .9 
390 .0 1629.5 

680 950 
0 875 

800 
380 770 

373 870 
385 11 75 
392 1500 
420 
195 

700 
205 

395.7 62 .5 
392.5 356 .9 

375 490 
375 620 .0 

39 1.6 835.7 
392 .7 1537 .6 
392 . 9 1881 . 6 
393.0 2216.3 
414.8 2337.6 

50 870 
245 250 

399 .1 29.3 
389.6 11 5.6 
377 .3 28 1.8 
377 .5 595 .6 
393.2 760.5 
392 .3 919.5 
393.8 1320 .3 
397.4 1735.9 
402.8 1940.8 

.3 
1 744.6 

41 5 715 
399 .9 41.2 
382.3 129.4 
380 .1 294.7 
380.8 498.6 
385.4 60 1. 0 
394 .4 792 .8 
397 .6 1086 .3 
408 .6 1266.0 
399 .3 1476 .3 

40 

375 73 1.3 
372.6 982 .3 
373. 6 11 01 . 5 
373 . 6 1197 . 2 
374 .4 1318 .2 
390 .3 1674.2 

680 905 
350 

375 790 
375 880 

39 1 11 87 

420 
315 

700 

394 .4 95 .7 
392.3 420 

373 500 
380 .0 630.0 
389 . 6 11 94 . 5 
393 .8 1614 .2 
393.5 1973.0 
393 .7 2228 .0 
416 .2 2358.3 

300 730 
307 

396.5 35 .6 
385 .9 123.9 
377 .3 415.2 
377 .5 605.7 
409 .3 763.4 
393.2 926.6 
393.3 1416 . 1 
398.3 1810.4 
406 .2 1974.6 

70 620 
547 

398.6 57.7 
378.3 136 .2 
38 1. 2 335 .6 
383 . 1 508.7 
392.4 620 .7 
395.2 835 .2 
397. 9 11 56 . 8 
409 . 3 1311 . 5 
398 .3 1612.4 

375 813.5 
372 .7 1028.6 
376.3 1116.0 
373.2 1210. 1 
372.9 1370.8 
390.5 1750.0 

550 800 

373 800 
380 900 
39 1. 5 1250 

394.6 151 .7 
390 430 
373 581.8 

385.0 640 
389 . 9 1316 . 4 
393.5 1656 .5 
394.0 2089.8 
394.5 2288.3 

394.6 59 .4 
38 1.4 133 .0 
377.3 527.8 
380.0 616 .1 
409.3 834. 1 
393.6 1040.7 
393.9 1526 .0 
398 . 1 1885 . 5 
407.0 1998.3 

394 .3 73 .3 
377 .9 186.8 
380.9 401.8 
384 .2 539 .1 
394.0 641.7 
397.0 880. 1 
399 .7 11 68.8 
402 .5 1325.9 
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ET 7 .1 220 897.3 

I X1 764 29 246.4 703.8 770 690 73 1 
GR 407.6 0.0 405.9 23.8 403.8 30 .8 402 .6 76.3 40 1.6 122.8 
GR 402.4 204.5 395.4 216.4 386.7 233.6 388 .9 246.4 386.3 272.7 

I GR 386. 1 280.7 381.6 29 1. 0 380.4 322.9 380.1 390.3 379.5 440.7 
GR 380. 4 469.4 38 1.7 532 .9 381.4 556 .4 379.6 569.3 379.3 620.9 
GR 379.9 638.2 381 .3 677.0 383 .7 684.6 389 .8 692.1 393.9 703.8 

I 
GR 395.6 731.1 395.9 793 .7 396 .9 850.8 396.7 897.3 
ET 5. 1 7.1 5. 1 380 1335 400 1335 
X1 765 42 493.7 1228.6 660 160 604 

I 
GR 411.6 0.0 411 .7 64.8 406.3 79 .3 398 .4 98.1 396 .5 106 .6 
GR 396.4 191 .7 397 .2 285.4 395.9 335.7 396 .2 444.8 395.7 493.7 
GR 392.5 515.9 390.1 528 .0 391 . 1 537.3 390.2 569.5 388.7 624.2 
GR 385.4 630.8 384.3 653 .4 383.2 658 .0 384.9 663.7 387 .9 668 .6 

I GR 387 .6 708.6 386.9 732. 1 386 .1 769.8 385 .2 834.1 383 .7 851.4 
GR 383.9 875.9 385 .6 894 .3 388 .9 959.4 388 .7 1040 .4 386 .3 1054.1 
GR 389. 1 1065.0 390.3 1122 .2 393.1 1186.4 395 .5 1228.6 395 .7 1312.3 

I GR 396 .5 1369.3 399 . 1 1472.8 399.1 1582 .3 400 .0 1666.6 399 .9 1791.8 
GR 399.4 1905.3 399.6 2008 .9 
X1 770 35 493 .7 1228 .6 400 400 400 1 

I 
GR 396.4 191.7 397 .2 285.4 395.9 335 .7 396 .2 444.8 395.7 493.7 
GR 392.5 515.9 390. 1 528 .0 391.1 537 .3 390.2 569.5 388.7 624 .2 
GR 385.4 630 .8 384.3 653.4 383.2 658.0 384.9 663.7 387 .9 668 .6 

I 
GR 387.6 708 .6 386 .9 732 . 1 386. 1 769.8 385.2 834.1 383.7 851.4 
GR 383.9 875.9 385 .6 894.3 388.9 959 .4 388.7 1040.4 386.3 1054 .1 
GR 389. 1 1065.0 390 .3 11 22.2 393.1 1186 .4 395.5 1228.6 395.7 1312.3 
GR 396.5 1369 .3 399 .1 1472.8 399.1 1582.3 400.0 1666.6 399.9 179 1.8 

I GS 0.2 0.2 0.75 0.2 1.50 0.2 2.80 0.2 6.5 0.2 
EJ 

I 
APPENDIX D . SAMPLE OUTPUT LI STINGS 

I INI TIAL BED MATERIAL COMPOSITION 

SECTION SIZE FRACTION SIZE FRACTION SIZE FRACTION SIZE FRACTION SIZE FRACTI ON 

I MM MM MM MM MM 

730.00 0.20 0.200 0.75 0.200 1.50 0.200 2.80 0.200 6.50 0.200 

I 
734.00 0.20 0.200 0.75 0.200 1.50 0.200 2.80 0.200 6.50 0.200 
738.00 0.20 0.200 0.75 0.200 1.50 0.200 2.80 0.200 6.50 0.200 
740.00 0.20 0.200 0.75 0.200 1.50 0.200 2.80 0.200 6.50 0.200 

I 
741.00 0.20 0.200 0.75 0.200 1. 50 0.200 2.80 0.200 6.50 0.200 
744 .00 0.20 0.200 0.75 0.200 1.50 0.200 2.80 0.200 6.50 0.200 
750.00 0.20 0.200 0.75 0.200 1.50 0.200 2.80 0.200 6.50 0.200 
760.00 0.20 0.200 0.75 0.200 1.50 0.200 2.80 0.200 6.50 0.200 

I 764.00 0.20 0.200 0.75 0.200 1.50 0.200 2.80 0.200 6.50 0.200 
765.00 0.20 0.200 0.75 0.200 1.50 0.200 2.80 0.200 6.50 0.200 
770.00 0.20 0.200 0.75 0.200 1.50 0.200 2.80 0.200 6.50 0.200 

I 
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THE ENGE LUND-HANSEN SED IMENT FORMU LA IS USED 

TIME = 5.1 0 HRS DT = 100 SECS TIME STEP = 0 

SECTI ON W.S.ELEV . WI DTH DEPTH 0 V SLOPE D50 OS/0 FR SED. YIELD 
FT FT FT CFS FPS MM 1000 PPM C. Y. 

730 .00 
734.00 
738.00 
740 .00 
741. 00 
744. 00 
750.00 
760.00 
764.00 
765.00 
770.00 

367.97 
371.32 
373.40 
374 .29 
377.53 
378 .60 
379 .24 
38 1. 81 
383 .07 
386 .95 
389 .87 

384 .5 
384.6 
46 1.6 
390 .6 
11 0.2 
144 .4 
352.9 
292.5 
395.0 
236.0 
432 .7 

4. 17 2467 
5.32 2467 
6.10 2467 
1. 99 2467 
4.53 2467 
5.60 2467 
1.94 2467 
4.41 2467 
3.77 2467 
3.75 2467 
5.67 2467 

2.7 1 0.00215 
5.75 0.02074 
2.23 0.00113 
5.62 0.01967 
5.98 0.00450 
3.36 0.00073 
4. 52 0.00826 
3.33 0.00234 
2.33 0.00106 
6.74 0.01854 
2.56 0.00 164 

TIME = 9.96 HRS DT = 395 SECS TIME STEP = 60 

SECTION W.S .ELEV. WIDTH DEPTH 0 v SLOPE 

730 .00 
734 .00 
738.00 
740 .00 
741.00 
744 .00 
750 .00 
760 .00 
764 .00 
765.00 

FT 

371.65 
372.51 
374 .04 
375. 19 
376 .90 
378 .48 
380.56 
382.82 
385 .35 
387 .37 

FT 

706.9 
487.6 
512.6 
514.5 
117.4 
146 .4 
452.5 
38 1.6 
404.2 
287.5 

770.00 390.07 454. 1 

FT CFS FPS 

6.55 5239 
8.73 5239 
4.87 5239 
4.94 5239 
6.10 5239 
4.92 5239 
3.80 5239 
4. 98 5239 
4.06 5239 
6.06 5239 

2.09 0.00075 
4.43 0.00440 
4.89 0.00649 
5. 13 0.00768 
8.07 0.00500 
7.63 0.00423 
4. 45 0.00403 
4. 97 0. 00464 
3.89 0.00221 
6.09 0.00632 

5.87 5239 4.97 0.00586 

TIME = 16.80 HRS DT = 720 SECS TIME STEP = 96 

SECTION W.S .ELEV. WIDTH 

730 .00 
734. 00 
738.00 
740 .00 
741.00 
744.00 
750.00 

FT FT 

376.08 
377 .83 
379 .1 8 
379.93 
38 1.02 
381.97 
384 .27 

735.7 
509.3 
509 .8 
536.2 
210.2 
203.0 
488 .6 

DEPTH 0 
FT CFS 

v 
FPS 

SLOPE 

7.75 21069 5.57 0.00322 
7.88 21069 7.65 0.00449 

10.27 21069 7.56 0.00432 
9.40 21069 8.05 0.00571 

11.29 21069 10.25 0.00374 
11 .1 2 21069 10.77 0.00323 
7 .52 21069 7.39 0.00379 
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1.39 1.62 
1.67 32.80 
1. 32 0.54 
1.69 29.8 1 
1.54 6.57 
1.45 0.61 
1. 54 7.84 
1.50 1.35 
1.39 0.52 
1. 67 38.42 
1.50 0.99 

0.31 
0.96 
0.25 
0.94 
0.54 
0.26 
0.64 
0.37 
0.25 
0.95 
0.30 

0.903E+01 
0. 182E+03 
0.300E+01 
0. 166E+03 
0.366E+02 
0.339E+01 
0.436E+02 
0.752E+01 
0.287E+01 
0.214E+03 
0.553E+01 

D50 OS/0 FR SED. YIELD 
MM 1000 PPM C. Y. 

0.54 0.58 
1. 52 7. 73 
1. 93 11.97 
2.74 12.76 
2.94 12.69 
2.77 10. 11 
1.49 8.22 
1. 22 9.24 
0.57 5.23 
1.76 16 . 18 
1.50 13.30 

0.20 0.349E+04 
0.50 0. 135E+05 
0.60 0. 104E+05 
0.64 0. 137E+05 
0.60 0. 121E+05 
0.62 0.802E+04 
0.49 0.825E+04 
0.53 0.670E+04 

0.38 0.716E+04 
0.62 0.230E+05 
0.57 0. 151E+05 

D50 OS/0 FR SED. YIELD 
MM 1000 PPM C. Y. 

0.88 12.01 0. 43 0. 362E+05 
1.85 19.44 0.58 0.870E+05 
1.44 15.02 0.57 0. 100E+06 
2.36 22 .21 0.64 0. 11 4E+06 
2.22 19.74 0.58 0. 121E+06 
1.95 18.50 0.61 0. 104E+06 
1.40 16.65 0.54 0.921E+05 

I 
I 
I 
I 
I 
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I 
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I 
I 

760.00 386. 40 514.5 9.31 21069 7.32 0.00393 1.50 16 .66 0.54 0.925E+05 

I 764.00 389.22 469.7 6.6 1 21069 7.56 0.00391 1.59 16.68 0.55 0.912E+05 
765.00 391.88 639 .3 10.49 21069 6.85 0.00422 1.50 16.17 0.55 0. 11 2E+06 
770.00 393.59 659.4 9.39 21069 6.80 0.00429 1.50 16.21 0. 55 0. 104E+06 

I 
TIME = 19.99 HRS DT = 720 SECS TIME STEP= 117 

I SECTION W.S.ELEV . WIDTH DEPTH Q v SLOPE D50 OS/0 FR SED. YIELD 
FT FT FT CFS FPS MM 1000 PPM C. Y. 

I 730 .00 377 .70 745.4 8.27 32000 7.46 0.00495 1. 80 19.75 0.55 0. 161E+06 
734. 00 379.97 516 .5 9.49 32000 8.99 0.00450 2.02 19.80 0.60 0.224E+06 
738. 00 381.35 531 .7 8 .92 32000 9.02 0.00472 2.04 22 .86 0.62 0.244E+06 

I 740 .00 382 . 13 543.9 9.73 32000 9.47 0.00574 2.57 25 .55 0.67 0.260E+06 
74 1. 00 383 .83 413.5 14 .37 32000 9. 18 0.00362 1.95 18.76 0.56 0.271E+06 
744 .00 384.35 265 .7 12.52 32000 11.08 0.00292 1.65 19.85 0.59 0.240E+06 

I 750 .00 386.33 500. 1 9.44 32000 8.50 0.00358 1.41 19.72 0.55 0.218E+06 
760 .00 388 .34 522 .5 10 .69 32000 8.33 0.00355 1.48 18.99 0.54 0.220E+06 
764 .00 390.87 475 .3 8.66 32000 8.68 0.00361 1.62 19.25 0.55 0.220E+06 

I 
765.00 393.47 683 .6 12.04 32000 7.78 0.00405 1.49 19.34 0.56 0.238E+06 
770.00 395.11 699 .4 10.91 32000 7.75 0.00410 1.50 19.34 0.56 0.230E+06 

I 
ID 
10 SECTION 765.00 TIME = 19.99 HRS ws = 393.47 WIDTH = 683.6 

z DZ TDZ y z DZ TDZ y z DZ TDZ y 

I 41 1.60 0.00 0.00 0.0 411 .70 0.00 0.00 64.8 406.30 0.00 0.00 79.3 
398. 40 0.00 0.00 98 .1 396 .50 0.00 0.00 106.6 396.40 0.00 0.00 191. 7 

I 397.20 0.00 0.00 285 .4 395 .90 0.00 0.00 335.7 396.20 0.00 0.00 444.8 
395.70 0.00 0.00 493.7 392 .50 0.00 0.00 515.9 390 . 12 0.00 0.02 528.0 
39 1. 12 0.00 0.02 537 .3 390.22 0.00 0.02 569 .5 388 .09 0.00 -0.61 624.2 

I 
383.34 0.00 -2.06 630.8 381.43 0.00 -2 .87 653 .4 381 .43 0.00 -1.77 658.0 
383 .66 0.00 - 1.24 663.7 387 .1 8 0.00 -0 .72 668 .6 387.61 0.00 0.0 1 708.6 
386.85 0.00 -0.05 732. 1 384.32 0.00 -1.78 769.8 383.09 0.00 -2 . 11 834.1 

I 
381 .49 0.00 -2.21 85 1.4 38 1. 80 0.00 -2 .10 875.9 384.54 0. 00 - 1.06 894 .3 
388 .93 0.00 0.03 959.4 388 .74 0.00 0.04 1040.4 386.40 0.00 0. 10 1054 .1 
389 . 13 0.00 0.03 1065.0 390 .32 0.00 0.02 11 22.2 393. 10 0.00 0.00 1186 .4 
395.50 0.00 0.00 1228.6 395 .70 0.00 0.00 1312.3 396.50 0.00 0.00 1369 .3 

I 399.10 0.00 0.00 1472 .8 399 . 10 0.00 0.00 1582.3 400 .00 0.00 0.00 1666.6 
399.90 0.00 0.00 1791 .8 399 .40 0.00 0.00 1905.3 399 .60 0.00 0.00 2008 .9 

I ID 
9 SECT ION 764 .00 TIME= 19.99 HRS ws = 390.87 WIDTH= 475 .3 

I 
z DZ TDZ y z DZ TDZ y z DZ TDZ y 

407.60 0.00 30 .8 0.00 0.0 405.90 0.00 0.00 23 .8 403.80 0.00 0.00 

I 
402.60 0.00 0.00 76.3 40 1.60 0.00 0.00 122.8 402.40 0.00 0.00 204.5 
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I 

395.40 0.00 0.00 216.4 384 .79 0.00 - 1.91 232 .4 388.88 0.00 -0.02 246.4 
383.82 0.00 -2.48 271.2 384.70 0.00 - 1.40 280.5 382 .67 0.00 1.07 289 .6 I 382 .60 0.00 2.20 322.9 382.51 0.00 2.41 390 .3 382 .41 0.00 2.9 1 440.7 
382 .40 0.00 2.00 469.4 382.34 0.00 0.64 532.9 382.29 0.00 0.89 556.4 
382 .26 0.00 2.66 569.3 382.21 0.00 2.9 1 620 .9 382.87 0.00 2.97 638.2 I 383 .24 0.00 1.94 677.6 383.52 0. 00 -0. 18 687 .0 387.25 0.00 - 2.55 692.2 
393 .90 0.00 0.00 703.8 395.60 0.00 0.00 731.1 395.90 0.00 0.00 793.7 
396 .90 0.00 0.00 850.8 396.70 0.00 0.00 897.3 I 

ID 
8 SECT ION 760.00 TIME= 19.99 HRS ws = 388.34 WIDTH = 522.5 

I z DZ TDZ y z DZ TDZ y z DZ TDZ y 

406.10 0.00 0.00 0.0 406.50 0.00 0.00 29 .9 399.90 0.00 0.00 41.2 I 398.60 0.00 0.00 57.7 394.30 0.00 0.00 73.3 387.06 0.00 0.36 88. 1 
383.88 0.00 1. 98 96.8 382.05 0.00 -0.25 129.4 377.81 0.00 -0 .49 136.0 
377.67 0.02 -0.23 186.8 377.67 0.02 0.27 258 .2 377.67 0.02 -0.13 283.5 I 379.65 0.00 -0.45 294.7 380 .53 0.00 -0.67 335 .6 380.14 0.00 -0.76 402.1 
383.28 0.00 -0.02 426.0 383 .29 0.00 -0.01 480 .5 380.34 0.00 -0. 46 498.3 
383.09 0.00 -0.0 1 508.7 384.23 0.00 0.03 539 .1 382.30 0.00 0.00 554 .1 I 384 .82 0.00 1. 92 582.1 385.99 0.00 0.59 600 .7 392.40 0.00 0.00 620.7 
394 .00 0.00 0.00 64 1. 7 395.60 0.00 0.00 705 .1 396.80 0.00 0.00 744.6 
394.40 0.00 0.00 792 .8 395.20 0.00 0.00 835.2 397.00 0.00 0.00 880.1 

I 398.90 0.00 0.00 987.4 398.30 0.00 0.00 1025.7 397.60 0.00 0.00 1086.3 
397.90 0.00 0.00 1156.8 399.70 0.00 0.00 11 68 .8 404.90 0.00 0.00 1187.5 
408.20 0.00 0.00 1203.4 408.60 0.00 0.00 1266.0 409.30 0.00 0.00 1311.5 
402.50 0.00 0.00 1325.9 397.40 0.00 0.00 1341.7 397.90 0.00 0.00 1405.0 I 399.30 0.00 0.00 1476.3 398.30 0.00 0.00 1612.4 

ID I 7 SECT ION 750 .00 TIME = 19.99 HRS ws = 386.33 WIDTH = 500 .1 

z DZ TDZ y z DZ TDZ y z DZ TDZ y 

I 
400.80 0.00 0.00 0.0 401.00 0.00 0.00 16.9 399 . 10 0.00 0.00 29.3 
396.50 0.00 0.00 35.6 394.60 0.00 0.00 59.4 394 .70 0.00 0.00 86.3 

I 390.90 0.00 0.00 99 .6 389.60 0.00 0.00 11 5.6 385 .63 0.62 -0 .27 123.7 
383.82 -0 .01 2.42 134.2 380 .50 -0.02 0.50 182 .8 380 . 18 -0 . 03 0 .58 255 .9 
377 .67 -0.04 0.37 28 1.9 376 .82 -0.07 -0 .48 415.2 376 .82 -0.07 -0.48 527.8 
379 .05 -0.05 0.05 532.9 379.28 -0.05 0.18 584.9 377 .45 -0.06 -0 .05 595.6 I 378 .05 -0. 05 0.55 605 .4 383.53 0.29 3.53 614.9 390.36 0.00 - 0.34 629.2 
391 .70 0.00 0.00 69 1. 1 400 .26 0.00 7.06 760.5 402.37 0.00 - 6.94 763.4 
402.77 0.00 -6.53 834. 1 400.30 0.00 6.50 837.5 393.80 0.00 0.00 908.5 I 392.30 0.00 0.00 919.5 393.20 0.00 0.00 926.6 393.60 0.00 0.00 1040.7 
393.20 0.00 0.00 1152 .6 393. 10 0.00 0.00 1222.8 393.80 0.00 0.00 1320 .3 
393.30 0.00 0.00 1416.1 393.90 0.00 0.00 1526.0 394.80 0.00 0 .00 1646.2 I 396.90 0.00 0.00 1679.0 397. 40 0.00 0.00 1735 .9 398.30 0.00 0.00 1810 .4 
398. 10 0.00 0.00 1885.5 396.60 0.00 0.00 1908.9 399 .20 0.00 0.00 1926 . 1 
402.80 0.00 0.00 1940.8 406 .20 0.00 0.00 1974.6 407.00 0.00 0.00 1998.3 

I 
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I ID 

6 SECTION 744 .00 TIME = 19.99 HRS ws = 384.35 WIDTH= 265.7 

I z DZ TDZ y z DZ TDZ y z DZ TDZ y 

401 .60 0.00 0.00 0.0 399.90 0.00 0.00 40.8 395.70 0.00 0.00 62.5 

I 
394 .40 0.00 0.00 95.7 394 .60 0.00 0.00 151.7 394.40 0.00 0.00 206. 1 
392.80 0.00 0.00 272.1 392 .50 0.00 0.00 356 .9 386 . 14 -0 . 42 -6 . 16 420 .0 
384.03 0.07 -5.97 422 .9 372.89 0.00-12.11 442.6 372.89 0.00 -7. 11 469.9 

I 
372 .89 0.00 -2. 11 487 .2 372 .89 0.00 -0. 11 500 .0 372.89 0.00 -0.1 1 581.8 
372 .89 0.00 -0.1 1 600.0 372 . 10 0.27 -0.90 610.0 372. 10 0.27 -2.90 622 .3 
372 .10 0.27 -7.90 634 .9 372. 10 0.27-12.90 652.0 372 .1 0 0.27-17.90 668 .1 
391.00 0.00 0.00 700.0 391 .60 0.00 0.00 835.7 389.60 0.00 0.00 11 94 .5 

I 389.90 0.00 0.00 1316.4 390.60 0.00 0.00 1407.6 392 .60 0.00 0.00 1454.4 
392 .70 0.00 0.00 1537 .6 393.80 0.00 0.00 1614.2 393.50 0.00 0.00 1656.5 
391 .90 0.00 0.00 1705.9 392 .70 0.00 0.00 1792.7 392.90 0.00 0.00 1881.6 

I 393.50 0.00 0.00 1973.0 394 .00 0.00 0.00 2089.8 393.60 0.00 0.00 2185 .3 
393.50 0.00 0.00 2206.6 393.00 0.00 0.00 2216.3 393.70 0.00 0.00 2228.0 
394.50 0.00 0.00 2288 .3 403.00 0.00 0.00 23 15. 7 413.50 0.00 0.00 2335.4 

I 
414 .80 0.00 0.00 2337.6 416 .20 0.00 0.00 2358.3 

ID 

I 
5 SECTION 741.00 TIME = 19. 99 HRS ws = 383.83 WIDTH= 413.5 

z DZ TDZ y z DZ TDZ y z DZ TDZ y 

I 390 .00 0.00 0.00 680.0 373 .57 - 1.20-11.43 715.3 370.65 1.00 - 9.35 739.2 
370.65 1. 13 -4.35 781.6 370.65 1.19-2.35 800.0 370.65 1. 16 -2.35 810 .0 
370 .65 1.00 -2.35 860 .0 370 .65 0.97 -2.35 870.0 370.65 0.91 -4.35 889.1 

I 370 .65 0.86 -9.35 904.3 370.65 0.76-14.35 933.6 379 . 88 -1 . 20 -5 . 12 951.5 
385.00 0.00 0.00 1175.0 391 .00 0.00 0.00 1187.0 39 1.50 0.00 0.00 1250.0 
39 1.50 0.00 0.00 1300 .0 391.70 0.00 0.00 1400.0 392.00 0.00 0.00 1500.0 

I ID 
4 SECTION 740.00 TIME= 19.99 HRS ws = 382.13 WIDTH = 543.9 

I z DZ TDZ y z DZ TDZ y z DZ TDZ y 

390.00 0.00 0.00 557.6 390.00 0.00 0.00 557 .8 390 .00 0.00 0.00 558.0 

I 371.78 -0.65 -3.22 596.8 374.89 -0 .70 -0 .11 667 .1 375 .22 -0.64 0.22 689.1 
375 .26 -0.61 0.56 702 .6 371.85 -0 .55 -0 .85 711.8 372.43 -0 .62 -0 .17 805.5 
373.61 -0.52 0.91 843.5 375 .88 -0.35 2.28 872.0 377 .27 -0 .26 2.47 880.8 

I 376.45 -0.29 2.65 889.3 376.26 -0.29 2.66 903.4 378 . 59 -0 . 16 2.29 915.1 
376 .73 - 0. 23 3. 13 928.7 377.28 -0. 19 3.68 949 . 1 377 . 56 -0 . 16 3.96 971 .5 
377. 67 -0. 14 4.07 981.7 377.56 -0 .14 4.36 992.3 377 . 56 -0. 12 4.56 1004 .4 

I 
378.18 -0.08 4.48 1034.1 377.73 -0 .06 5.43 1061.8 379 .60 0.90 5.20 1080.4 
382. 17 0.00 9.27 111 9.7 389.00 0.00 0.00 1150 .5 389.60 0.00 0.00 1263 .0 
390.00 0.00 0.00 1336.2 390.30 0.00 0.00 1372.8 390.50 0.00 0.00 1435.0 

I 
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ID 
3 SECT ION 738.00 TI ME= 19.99 HRS ws = 38 1.35 WIDTH = 531.7 I 
z DZ TDZ y z DZ TDZ y z DZ TDZ y 

393 .60 0.00 0.00 643.7 393.60 0.00 0.00 643 .9 392. 40 0.00 0.00 650.7 I 
387.00 0.00 0.00 664.2 382.30 0.00 0.00 675.5 375.05 0. 15 4.05 70 1.6 
373.55 0. 16 2.55 793.0 374 .38 0. 16 3.38 825.4 374.05 0. 16 3.05 843.2 I 373.90 0. 16 2.90 853.5 373 .68 0. 16 2.68 869.0 373.50 0.17 2.50 880 .9 
373. 17 0. 17 2.17 903.0 373 .02 0. 17 3.52 912.3 372.60 0. 17 5.30 938 .7 
372.78 0.1 7 4.28 949.6 373 .01 0. 17 4.31 964 .2 373 . 16 0.17 3 .1 6 973.4 

I 373.92 0. 16 1.21 986.6 374.14 0. 16 1. 84 1040 .8 376.55 0. 13 2.85 1063.9 
375.54 0. 14 2.24 11 24 .5 376.50 0. 13 4 .60 11 33 .7 376.74 0. 13 5 . 14 11 62.3 
375.87 0. 14 6.27 11 82.0 379.79 0. 08 10. 19 1204.4 388.00 0.00 0 .00 1235.7 
388 .50 0.00 0.00 1309.9 389.00 0.00 0.00 1389.2 390.00 0.00 0.00 1476.2 I 

ID 
2 SECTI ON 734. 00 TIME = 19.99 HRS ws = 379 .97 WIDTH = 516.5 I 
z DZ TDZ y z DZ TDZ y z DZ TDZ y 

383.70 0.00 0.00 1045.0 383.58 0.00 -0. 12 1109 .4 376 .35 0.07 1. 15 11 20. 4 I 
373 .59 0.09 2.39 11 32 .7 374.07 0. 09 2.07 1160.6 372 .86 0. 10 2.26 1203.2 
373.09 0. 10 2. 19 1233.0 374.06 0.09 1.86 1249 .0 373.24 0.1 0 2 .14 1266.9 

I 370.64 0. 12 2.84 1280 .0 370.59 0.1 2 4.59 1313.6 370.61 0. 12 3.21 1325.2 
371.49 0. 11 1.79 1338.2 373.36 0. 10 2. 16 1368 .4 372.93 0. 10 2.33 1446 .9 
373.30 0. 10 2.60 1548.4 374. 18 0. 09 2.38 1615.0 386.00 0.00 0.00 1648 .2 
386. 40 0.00 0. 00 1705 .0 386.80 0.00 0.00 1730.2 387.00 0.00 0.00 1805.0 I 387.40 0.00 0.00 1852 .5 387.80 0.00 0.00 1900 .0 

ID I 1 SECTION 730 .00 TIME = 19.99 HRS ws = 377 .70 WIDTH = 745 .4 

z DZ TDZ y z DZ TDZ y z DZ TDZ y 

I 
38 1. 40 0.00 0.00 1240 .4 385.50 0.00 0.00 1248.9 385. 10 0.00 0.00 1281.3 
38 1.90 0.00 0.00 1287.2 381.80 0.00 0.00 1344.2 380.90 0.00 0.00 1418. 1 

I 383 .30 0.00 0.00 1423 .8 383.70 0.00 0.00 1442.0 380.20 0.00 0.00 1450.2 
375.30 0.00 1.70 1462.3 374.03 0.00 2.73 1477.7 373.35 0.00 3.15 1538.5 
372 .97 0.00 3.37 1639.5 372.65 0.00 3.55 1690 .7 372.09 0.00 4 . 19 1700.8 
371.55 0.00 4.65 1768 . 1 370.22 0.00 5 .32 1794 .5 369 .44 0.00 5.64 1813.3 I 370 .08 0.00 5.38 1867 .4 372.32 0.00 3.82 1881.3 372.71 0.00 3 .51 1928.7 
372.52 0.00 3.62 1962 .0 371.23 0.00 4 .83 1972. 1 369 .94 0.00 5 .44 198 1. 5 
371. 04 0.00 4.94 1987. 1 370 .84 0.00 5.04 2005.0 370 .43 0.00 5.23 2006.3 I 370.43 0.00 5.23 2164.4 371.61 0.00 4.61 2167.6 380 .00 0.00 0.00 2214.7 
380.00 0.00 0.00 2264.0 380 .00 0.00 0.00 2300.0 380.00 0.00 0.00 2400.0 

I 
I 
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SAMPLE GRAPHICAL RESULTS 
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SELECTION OF MATHEMATICAL MODELS 
FOR RIVER AND RESERVOIR SEDIMENTATION 

River channel behavior often needs to be studied for its natural state and response to human 
regulation. Studies of river hydraulics, sediment transport, and river channel changes may be 
through physical modeling, or mathematical modeling, or both. Physical modeling has been relied 
upon traditionally for river projects, but mathematical modeling is becoming more popular as its 
capabilities expand rapidly. 

Mathematical models are developed based on convoluted physical relationships. The five 
most important relations are: continuity equation of flow, momentum equation of flow, continuity 
equation of sediment, sediment transport equation, and relations for channel deformation. These 
equations are applied at successive time steps to simulate the time-dependent processes. In selecting 
a model for application, the user should consider the necessary model feathers described below. 

(1) The model should have sound mathematical and physical bases. The allocation of scour and fill 
at a time step should be based on physical principles that can be verified using field data. Empirical 
relationships are considered in adequate for modeling river dynamics. 

(2) A mathematical model applicable to natural streams should be an erodible boundary model 
rather than an erodible bed model. The channel boundary changes are by no means uniformly 
distributed on the bed. The changes in channel width and bed profile are closely inter-related. For 
these reasons, the model must consider all boundaries of a river channel as free surfaces. These 
changes must be coupled at each time step. 

(3) The curvature effect on bed topography is an important feature for river morphology. Natural 
streams are seldom straight over a length longer than a few channel widths. The channel curvature, 
with its inherent secondary currents, has important effects on channel morphology; therefore, a 
mathematical model should possess this capability. 

(4) A model should allow the user to specify non-erodib le parts of a channel , such as bank 
protection, grade control structures , check dams, etc. 

(5) The applicability of a model must be substantiated by adequate number of test and calibration 
studies using field data. 



COMPARJ SON OF FLUVIAL-1 2 AND HEC-6 MODELS 

The FLUVIAL-12 model is an erodible-boundary model; it s imulated inter-re lated changes 
in channel-bed profi le, channel width and bed topography induced by the channel curvature. The 
erodible boundary model is di ffe rent from an erodible-bed model, such as HEC-6 in the following 
ways. 

(1 ) The HEC-6 model does not simulate changes in channel width. Since changes in channel-bed 
profi le is close ly related to changes in width, these changes may not be separated. 

(2) The change in bed profil e in HEC-6 is assumed to be unifo rm in the erodible zone. A ll points 
adjust up and down by the equal amount during aggradati on and degradation. Actual bed changes 
are by no means uniform and therefore they may not be s imulated by an erodible bed mode l. 

(3) An erodible bed model does not consider the channel curvature. In reality, the bed topography 
is highly non-unifo rm in a curved channel, espec ia lly duri ng a high fl ow. 

(4) The erodibl e zone needs to be spec ified at all cross sections in the HEC-6 model. This means 
the model does not prov ide the extent of eros ion in the channel, but the user has to inform the model 
about the erodibl e part of the channel bed. The boundary of eros ion is computed and prov ided by 
the FLUVIAL-1 2 model, this boundary changes w ith the di scharge and time. 

(5) The sediment inflow into the channel reach needs to be spec ified in the HEC-6 input. Thi s 
requires the sediment rating curve which is usua lly not available for stream channels. In th e 
FLUVIAL-1 2 model, the sediment inflow may be spec ifi ed and it may also be computed based on 
the hydraulics of fl ow at the upstream section at every time step. 

(6) The FLUVIAL-1 2 model has been calibrated using 12 sets of river data. An erodible-bed model 
may not be calibrated with fi e ld data of natura l streams. 
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Data Requirements for Fluvial Study 

Prepared by Howard H. Chang 

(1) Topographic maps of the Sacramento River for a channel reach at least two miles in length , with 
one mile minimum on each side of the intake structure. These maps shou ld show locations of cross 
sections used for the HEC-2 study, if any. 

(2) Avai lable digitized cross-sectional data used for HEC-2 studies for the stream reach from the 
downstream end to the upstream end of study. The locations of cross sections shou ld be shown on 
the accompanyi ng topographic maps. For stream reaches without such data, the consultant wi ll 
prepare cross-sectional data based on the topographic maps. 

(3) Peak d ischarges of 10-, SO - and 1 00-yr floods and their variations along the study stream reach. 
The hydrographs for 1 00-yr floods are also required. 

(4) Exiting mining sites and proposed mining plans, if any. 

(5) Plans for the proposed structure. 

(5) P lans for existing bridges and hydrau lic structures, such as drop structures, bank protection, 
levees, etc. on the stream, if any. 

(6) At least two sediment samples along the study reach of each stream. Size distributions of such 
samples are normally determined based on the sieve analysis. 



USE AGREEMENT 

An Agreement between Chang Consultants, Located at Rancho Santa Fe, Cali fornia 92067-4492, 
U.S.A., hereinafter referred to as the "Developer" and in Cali fornia hereafter 
referred to as the "User." 

WHEREAS the parties agree that subject to the following terms and conditions, the Developer shall 
deliver to the User in a machine-readable form FLUVIAL-1 2, a computer model hereinafter referred 
to as the "Product." 

I. Definitions 
A. The term "copy" shall mean any transfer in whole or in part of the product onto transportable 

machine-readable media. 

B. The term "use" shall mean any use whatsoever of the Product whether in whole or in part in its 
original mode or in any mode. 

II. Use of Product 
A. User agrees that the product shall be used on ly at the User's place of business or its contracted 

Computer Service Bureau . 

B. User agrees not to copy, release, disclose or otherwise make the Product available, in its 
original form , as received from the Developer. 

C. User agrees not to include the Product in an online commercially available terminal service 
established to offer service to people who are not a part of the User's organization. However, the 
User may use the product as a part of an on line service offered wholly for the use of the User's 
employees. 

D. User agrees to notify the Developer of any physical defects in the Product within sixty (60) 
days followin g delivery of the Product by the Developer. 

Developer: User: 

Signature and Date Signature and Date 

Name 

Tit le 

Return to: Howard H. Chang, P.O. Box 9492, 6001 Avenida Alteras, Rancho Santa Fe, CA 92067-
4492, U.S.A. 
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The FLUVIAL-1 2 model contains special and unique features , making it the most su itable 
model for the Salt River project as described below: 

(1) The model simulates river hydraulics, sediment delivery, and river channel changes, which 
include channel bed scour and fill, width changes and lateral migration. The Salt River, as an 
ephemeral river undergoes changes during floods, not on ly in the bed but also along the banks. 
Changes in channe l bed and banks are interrelated, and thus they must be considered at the same 
time in a simulation study. The FLUVIAL- 12 model is unique in that these changes are coupled at 
every time step. Other models are limited to changes of the bed (i.e. , sco ur and fi ll ) but not the 
banks. 

(2) The model includes the effects of secondary currents inherent in river channels. For this reason, 
the hydraulics, sediment transport and channel changes related to the channe l curvature may be 
computed using the model. Bank erosion evaluation is an important task for the Salt River project, 
and it is specifically called out in the scope of work. Reaches of bank erosion are evident along the 
river and they need to be identified in the project. Continued eros ion of concave banks will result in 
lateral migration of the channel. Lateral migration is an important concern for channe l stability. 
The FLUVIAL-12 model is unique, as it is the only model that contains the features for curved 
channe ls. 

(3) Rivers in the arid western U. S. are highly dynamic as they may undergo rather rapid and 
significant changes in comparison to the eastern rivers. The FLUVIAL-12 model has been 
developed in the west, adopted to the dynamic nature of the western rivers. Most importantly, the 
model has been tested and calibrated based on more than five sets of river data. The simulation 
results by the model have been confirmed by field data. 


