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Sedimentation is a natural process that provides both problems and opportunities.
Erosion, transport and depositional processes are often of concern in watershed,
flood management, restoration, and environmental studies.
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Natural processes have been active throughout geological time and have shaped
the present landscape of our world.
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The processes of erosion, entrainment, transportation, and deposition of fluvial
sediment are complex.

The detachment of particles in the erosion process occurs through the kinetic
energy of raindrop impact, or by the forces generated by flowing water.

Once a particle has been detached, it must be entrained before it can be
transported away.

Both entrainment and transport depend on the shape, size and weight of the particle
and on the forces exerted on the particle by the flow.

When these forces are diminished to the extent that the transport rate is reduced or
transport is no longer possible, deposition occurs.

Under the weight of depositional layers, compaction can occur over time depending
on the size and shape of the particles.
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Waimea Canyon, Kauai, Hawaii

Water erosion may be quite spectacular as seen in the Grand Canyon, Bryce
Canyon, the Badlands of South Dakota, or Waimea Canyon on the Island of Kauai.

9



10



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

11



12



I
I
I
I
I
I
I
I
,I .

I
I
I
I
I
I
I
I
I
I

13



14



I
,I

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

15



Deposition is the counterpart to erosion. Deposited sediment may cause damages
depending on the amount, timing, character and placement.
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Alluvial - Pertains to alluvium deposited by a stream or flowing water

Alluvium - Sand, clay, etc gradually deposited by moving water, as along a river
bed.

Alluvial Stream - A stream whose channel boundary is composed of appreciable
quantities of the sediments transported by the flow
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Obvious braided stream, aggradation. Terraces may indicate previous downcutting.
Changes in base level (e.g, mean sea level rise, lift due to plate tectonics) over time
can trigger changes in processes.
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Local Effects

Headcutting

General Scour

Local Scour

Bank Instability

Upstream Effects

Increased velocity

Increased transport

Unstable Channel

Planform Change?

Downstream
Effects

Increased transport

Aggradation

Increased Flood
Stage

Planform Change?
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Stream Stabilization in Mobile~
Rivers --• Hard Points

• Protect Permanently (Engineering Time)

• Concrete

• Riprap

• Soft Points
• Protect for a While then Fail (Melt Away)

• Bio-Engineering
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Stream Stabilization in Mobile JIll.
Rivers --• What is your Purpose

• Restoring River (allows adjustment)
• Fixing One Bank in Place
• Fixing River Reach in Place

• Does it Matter if Concrete or Bio-engineering?
• Fixed in Place = Fixed in Place!

• Be Careful Who You Criticize!
• Biologists & Single Purpose Refuges
• Engineers & Single Purpose Projects
• Stream Restoration & Fixed Designs
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Sediment Modeling Approach JIA..
--• HEC-RAS is a fully coupled explicit model

• At each time step, hydraulics is computed first, then
sediment transport
• Hydraulics are computed in the normal HEC-RAS manner

from downstream to upstream using standard step
backwater computations

• Using hydraulic results, sediment is routed from upstream to
downstream using continuity approach

• Differs from uncoupled models (e.g., SED2D-WES)
• Hydraulics computed for all time steps
• Sediment routed in each time step using hydraulics. no bed

adjustments
• If bed adjustments exceed some threshold. need to adjust

geometry, go back and re-run hydraulics
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(I-A )sa17 =_aQs
P at ax

The Exner Equation shown describes sediment continuity. An imbalance between
sediment supplied and sediment transport will result in bed change (erosion or
deposition), adjusted for porosity. n is the bed elevation in the equation. The control
volume extends half way up and downstream to adjacent cross sections. The
Exner equation is solved separately for each grain size in HEC-RAS.
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Sediment Transport Potential ~
--• Pick one of seven transport functions (Jan 2010),

discussed in next lecture
• Ackers - White (1973)

• Engelund - Hansen (1977)

• Laursen (Copeland) (1968, 1989)

• Meyer-Peter - Muller (1948)

• Toffaleti (1968)
• Yang (1973, 1984)
• Wilcock (2001)

• Potential transport NOT actual amount
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Bold indicates functions that were in HEC-6.

10



HEC-6T Functions (cont'd) JIll.
, --• Madden's (1985) modification of laursen's (1958)

• Laursen-Copeland

• Engelund-Hansen

• Parker Gravel Transport (1990)

• Proffitt and Sutherland

• Brow'nlie (With Transport Normalized at 050 Value)

• Brownlie (With Transport Calculated for each Grain
Size)

• Yang-High Concentration Formula, 1996

• Wilco~ Gravel Function
n

• Danube River Function, BAW

Iii
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Sediment Transport Capacity JaIl.
--• Potential = mass transported through control volume

for a single grain class

• Capacity = (Potential for each grain class) X (fraction
of that class in active bed layer)

• Bed material and inflowing load divided into separate
grain classes (up to 20)

• Example:
• Computed transport potential for medium sand is 100

tons/day and active bed layer contains 15% medium sand.
Therefore. transport capacity for medium sand is 100 Uday X
15% = 15 Uday



To compute transport potential, most formulas require a D50 (median grain size).
Using a simple arithmetic mean would tend to skew the sediment distribution which
tends to be logarithmic in nature. Therefore the geometric mean is used.
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Note that can erode and deposit different size classes in the same time step.



1. If a size class is missing from the active layer in the bed, for the first time step all
inflowing sediment in that class will deposit as there is zero transport capacity of
that class. It may take multiple time steps until there is a great enough
percentage of material in that size class in the active layer to offset the inflowing
load. This is more of a problem with larger material as smaller material has
higher transport potential. This can effect results for hard bottomed channels.

2. Only the continuity equation is being used to route sediment, so particles can
travel through the entire control volume during a time step. You need to
consider time step and cross section spacing to limit particle motion to a
physically reasonable range (particles should not travel faster than water!).
Consider higher flows for selecting time step as this is when most of the
sediment will be moving. Not as much as an issue for long term simulations, but
have caution with single event analysis.

3. If the transport potential of sand is 100 Tid over a 100% sand bed, the capacity
will also be 100 T/day. If the same transport potential of 100 Tid of sand is
applied to an active bed layer composed of 50% sand and 50% gravel, the sand
capacity will only be 50 Tlday, even though the gravel may not be moving. If the
inflowing sediment load is 100 Tid of sand, in the first case there will be no bed
change, while in the second case 50 Tid of sand will deposit.
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For each time step dt, a particle will fall a distance equal to the settling velocity
(units of distance per time) multiplied by the time step. Similar to a settling tank
analysis, will the particle reach the bottom (represented by De) while it is still in the
control volume?
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Fall Velocity (van Rijn, 1993) .M.
--• Approximates US Inter-Agency Committee on Water

Resources (IACWR) curves for fall velocity

• Sets the shape factor and temperature and computes
a single fall velocity from the curve based on an initial
Rubey fall velocity.

• Sep~rates zones by grain size
• 0.001 < d < 0.1 mm ~ Stoke's Law w =(S-1 )gd/(18v)

• 0.1 < d < 1 mm ~ curve fit

• d ~ 1 mm ~ Reynolds independent w =1.1 [(S-1 )gd]O 5

• Removal of RE allows non-iterative solution
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Computing Effective Depth .M.
--• Uses Toffaleti's model of sediment concentration

• y/r is the ratio of effective depth (De) to water depth r

• Silts and very fine sands use entire water depth r as
effec!ive depth

:!

• Fine sand uses
r /2.5 as De

• Larger sizes
use r /11.24 as
De

I..
U-(I'/I"v(f)'"-

1\
U~lor<t CI-Cu.(r).!~~12 236.) ' •• v. (2.2361)

I
l:l

.......... ~C,-C",H):'~-""( .., '"Ml fU364}
u c,

I
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) \C'I-CL,m:-~~I' 'Ht£(U16M..-'- (~,jl~.o .nda.2SM..
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Exner 5 simulates surface coarsening by removing fines initially from a thin cover
layer. During each time step, the composition of the cover layer is evaluated. If,
according to an empirical relationship, the bed is fully or partially armored, the
amount of material available to satisfy excess capacity is limited.



31



I
I
I
I
I
I
I
I
I
I
I
I
j

I
I
I
I
I
I

During the mixing time step the bed material is rearranged in response to erosion or
deposition but the bed elevation is not recomputed. This is designed to work
principally with the Wilcock transport method.
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If movable bed limits are set at an existing ground point, that point will remain fixed.
This is different from HEC-6 where that ground point was allowed to move. To avoid
confusion, set the movable bed limits between ground points.
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Case I: Water surface is below movable bed limits - only wetted nodes can move



Case II: Water surface is above movable bed limits - only wetted nodes within the
movable boundaries can move. If there is erosion, a duplicate node is created at
the movable bed station which will drop with the others. This node can later
aggrade back to the original position of the movable bed limit but can not rise above
it.
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Case III: Water surface is above movable bed limits AND deposition is allowed
outside of limits using Bed Change Options - only wetted nodes within the movable
boundaries can degrade, with duplicate nodes created if applicable. For deposition,
ALL wetted nodes can aggrade. This can be useful to model deposition in the
floodplain where velocities are not expected to be erosive.



14

12

10

8 '. I

6 \
\ ....
\ • ~

4 .. I, I, ...
2 ./
0 L

0 10 20 30 40 50 60

Case IV: Ineffective Flow Limits - RAS will deposit at nodes within the movable bed
limits even if they are also within an ineffective flow area. However, erosion will
never occur in an ineffective flow area as the velocity is theoretically equal to zero.
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Case V: Erosion or Deposition in Dry Areas - Can usually avoid this by having more
nodes to define cross section. However, be careful as more nodes can also
increase computational time.
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We've put together a very simple example to demonstrate how to input basic
sediment data in HEC-RAS. The HEC-RAS model of a simple flume has already
been assembled (not including sediment data).
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The demo reach has six equally spaced cross sections.
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I The cross sections are placed on a constant slope of 0.1 percent.
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Here are the four categories of basic sediment data entry we will be covering. We
will also enter a simple hydrograph to run the sediment transport analysis.
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Click here to access sediment data.
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This window is the primary focus of this demonstration (although we will be looking
at others as well).
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I Let's start with movable bed limits and sediment reservoir depth.
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Initlel CondrtlQns and Transport Petame1ers IBoundery Condiliol'lsl

Profile Pk)t Cros, Sedion Plot I
RNER-l • Reach-l

RS"100

15
Sta Ai hI Bed Gradation

10

Two options for sediment reservoir depth:
Max Depth = Control depth as distance below invert
Min Elev = Elevation below which the model cannot erode

u
l ..
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,., ..~~.~
Polen~li

BedE

1 IlooQ",""o""~_ L .................,ootor::.--to.....o L . I f

·10
-50 50 100 150 100 150
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In our demonstration we will assume a sediment reservoir depth of 10 feet.
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We will use the button to populate movable bed limits based on bank stations. Note
that the program enters left and right stations just outside of the actual bank stations
so the bank stations themselves can also move (this may not be desirable).
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I Next is bed gradation data. We start by clicking the "Define/Edit Bed Gradation ... "
button.
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As directed in the big window, we click the new button to add a sediment bed
gradation sample.
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Oick the new button to add a sediment bed gradation sample.
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I As directed in the big window, we click the new button to add a sediment bed

gradation sample and name it "Sample#1 ".
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After entering the values for "% Finer" a graph appears. If you have other similar
gradations you may want to use the "copy" button (last one on the right).
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The last step is to use the pull down boxes to specify the gradation for each cross
section. You can also copy and paste.
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Select the Yang transport function.
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Add S8(hmenl Boondoty L..oc:ebon(s) I Delete CufJent Row I

Reding CJrve I Sediment Lolid Series I Equilibrium LolKl

To enter a blank inflowing load, we click the "Boundary Conditions" tab and then
select "Rating Curve" at cross section 500. This will describe the condition where
clear water enters the upstream boundary.
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We are done entering the basic sediment data and need to save, so before closing
the window choose "Save Sediment Data As ... " from the file menu.
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f1ume_completed.sed02....

r=-::----,.,-,.......,-------- ~File::.N=.m::..---- SelectadFolder Delo.uttProjeClFolder I My DocumentaI1_._ C:\...\Sed R.AS doss\Aume Exe.mple\Completad Exemple

C\
Sprojeds
SSed P.AS doss

AumeExem Ie

I

I
I

I

I
I

I

I
I

In this example, the sediment data was saved as "Completed Sediment". HEC-RAS
automatically assigns the next *.s number, as it does with flow, geometry, and other
data files.
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In order to run a simulation, we need to also enter quasi-unsteady flow data.
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Clicking the box next to River Station 500 highlights it in blue, then you can select
Flow Series to enter the flow entering that cross section.
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For this example, we will enter a constant flow of 2000 cfs at one hour increments,
with a computation increment of 1 hour. Note that when preparing this example we
skipped ahead a few steps and had already entered the time window data-March
1-2, 2008. The default time window is in the year 1899.
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Clicking the box next to River Station 0 highlights it in blue, then you can select
"Normal Depth" to enter a Normal Depth downstream boundary condition.
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We will enter a slope of 0.001. Note that this value is fixed over the entire
simulation.
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The model will not run if a temperature is not entered. The duration can be longer
than the simulation, but not shorter. In this example, we are entering 24 hours even
though the simulation is 6 hours.
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We are done entering the quasi-unsteady flow data and need to save, so before
closing the window choose "Save As Quasi-Unsteady Flow File ... " from the file
menu.
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The quasi-unsteady data file is saved as "QU2000cfs."
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To enter time window data and to run the sediment transport analysis you click the
man running on the dirt.
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The simulation time window is entered here. In this example we started the
simulation at midnight, March 1, 2008 and ended the simulation at 0559 on March
2, 2008. One note about the "ending time"-there is a bug in this version of HEC
RAS that will not run when we enter 0600 even though we have six hours of flow
data (501 will also work to include the last hour increment in the simulation). The
simulation described above actually begins on March 1 at 2400 hours and will end
on March 2 at 0600 hours.
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Now we are ready to assign a plan file and run the simulation. First we need to
make sure the correct geometry file, quasi-unsteady flow file, and sediment data file
are selected.
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The plan is saved as "flume with 2000cfs w sediment" and is assigned the short 10
"flume w sed",
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After clicking "compute" the model simulations proceed, ending with this screen.
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Going to the profile plot, we can see the results at each simulation time step. The
first hour's results show a small amount of scour at several cross sections (scour
indicated by the shaded region below the original ground points). Note that the time
for these results indicates time 0000. This is not correct. The results for the first
hour are for time 0000 to 0100. This appears to be a bug with the profile selection
boxes.
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The second hour shows slightly more scour...
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And the third ...
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And the fourth ...
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And the fifth ...
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And the sixth ...
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When sediment computations are performed, detailed sediment and hydraulic
output are written to a separate binary file. The detailed output from the sediment
computations can be displayed as spatial plots and tables, as well as time series
plots and tables. First we will look at spatial plots.
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Main Channel D!stance(1l)

500DJ

Plot Oburved Dele.

tVOrkshops\nume.sed03

h·,----------:L__~~-~
legend

100

0.5

.().1+---_--- ~_-_--~

o

~Reache$ ..I~~
Profile PkJt IScheme ., 1 (02MAR200B 00:00-00)
r-----1" 2(02MAAZ006 01:00=00)

" 3 (02MAR2008 02:00 DO)
" 4 (02MAR200BOJ:OO'OO)
.,S(02MAR200BO,tOODO)
., 6 (02MAR2008 05.00.00)

The default variable for the sediment spatial plot is xsed, which is thalweg elevation.
When multiple profiles are selected, different line types and colors are generated
automatically for each profile.

41



I
I

DD

0.2

Main Channel Distanc8(1l)

D'

0.3

0.1

files.. I Reich.... I Profile... II V.riables. I 17 Pk:Il Ob5&t\18d Derte.
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Obsetved Dete 0 ;ed03
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Long o..m Mass change (lans) 02MAR2lXlB 06:00,ro-Ch IfMI!r1 El (I)

~
~

I

I

I

I
I

I
I

I
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The plotted variable can be selected from a long list including channel invert
elevation, invert change, shear stress, velocity, an array of weights and volumes
tracked by layer and grain size, and others. Some variables are only available if the
output level is changed from the default value of four to six.
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Legend

O2M.AR2OCB 00.00 [l).Velocrty (IV')

02MAR21D3 01'00 [l).Veloci1y (ftIs)

---------02MAR2£XlJ 02'00 [l).Veloci1y (ftIs)...... _. -_._.. --
02MAR2008 ro:OO:OO-Velocity (ftI,)--_._---_._._._.-
02MAR2COJ 04:00:[D.Velocity (ftI1)

02MAR2003 05:00:ClJ-Veloci1y (ftIs)

02MAR21Xf1 00:00 [l).Veloci1y (ftlll

"'-
"', "'-

\
, \

\
\

, \
" \ ,

~IObservedDcte.

300

Main ChOlnnBI OIstance (til

100

3.56

3.56

360

3.5'

C:\temp\wor1<shops\f1ume.sed03

10---------- RrvER·1·RBach-1
3.66

3.52./----~---~---_---_---..-;
o

In this spatial plot, the velocity variable was selected.
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Selecting the "table" tab for a particular plot shows a tabular view of the data, which
can be copied and pasted to a spreadsheet.
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Plot Observed Data P2M~08 02:00:00

02Mar200B 02.00 00

~_ ~!J~Iel~

J
legllld31>16237........

Selecting the "schematic plot" tab shows a plan view of the reach for the selected
variable with a graded color scheme. Results are shown for the time step indicated.
In this example, the plot is for t=2 hours.
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The next output feature we will look at is the sediment time series plot which shows
results over time at a single location.
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Variables ... I
Plm ITebl. I

C:\lemp\workshops\f1ume.sed03

Simulillion

0.48

0.48

g
AU

iIi

!
0'2tj

040

0:£

0.36
2400 0100 0200 03XI 04110 0;00 ooסס

a2Mar2Ill
Tom.

Each time step in the simulation is shown as an increment on the x-axis of the plot,
and a list of cross sections is provided in the left pane of the plot. The default
variable is channel invert elevation, but this can be changed by clicking the
"variables... " button.

47



I

I
,I
f
I
I
I
I

Variables ... I
Plot! Teble 1

C:\lsmplwor1<shop5Iflume.5ed03

1'----- Simulation
3.5

3.0

e:
2.5

5
~ 2.0

g 15

l
g 1.0
iIi
~

~ 0.5r~_~_~ _

M~ _

Wael(ft)

~
Inven Change (ft)
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In this example, the channel invert elevation, invert change, and water surface
elevation variables have been selected,
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VanabIH ... 1

P1otl~

Tome
1 02Ml!f200e 00:01
2 02M~200S 01:0(
3 02Mor2008 02:01
4 02Mtu2008 03:01
5 02M0.r200e 04:01
6 02Mor200S 05:01
7 02M~2008 06:0(

ChlnvertEI
0.5

0.4230257
0413<1253
0.<1038758
03932932
0.]S20896
0.370"283

Wsel
3.255611
3.255611
3.23637<1
3.235692
3.230179
1226797
3.222598

Invel1Qlan e

Clicking the "Table" button provides all three selected variables in tabular form for
each time step.
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HEC-RAS SEDIMENT WORKSHOP NO. 1-4
THE FLUME WORKSHOP PROBLEM

To prepare and execute a basic sediment transpOl11l1odel and view the results.
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Intro ] Introduction
The HEC-RAS file, flume.plj, is a data set that models a simple flume. Below
is a sketch of what the physical model of this flume would look like from a side
view. Notice the six vertical lines numbered 0 through 5. These are cross
sections and channel station numbers of the flume. The flume has a single inflow
at the upstream end (cross section 5) and a single outflow at the downstream end
(cross section 0). In this example, a sand mixture has been placed in the bed of
this flume. The sketch shows clean water coming from the head bay. This flume
will have a single gate across its entire width to insure that the inflowing water is
distributed unifonnly from one wall to the other. The tailwater elevation will be
at n0ll11al depth. Since there is no bed material in the inflowing water, one

The datafiles usedfor this workshop were developedfor pedagogic purposes. The model and
results ofthis workshop do not represent current orjitture conditions for any particular river.

Objective:

Time to Complete: I hour
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Entering Sediment Data

expects erosion to take place as water flows down this flume.

Steps to Enter Sediment Data and Run Sediment Transport Simulation

Step 1

1.

2.

3.

4.

Open the HEC-RAS file: flume. prj

~
Click the Sediment Boundary Condition Data button ~.

On the Initial Conditions and Transport Parameters ITab, enter the following in the table:

a. Max Depth = 10 (all cross sections)

b. Min Elev field left blank

c. Click the "Use Banks for Extents" button at bottom of page to populate left and
right movable bed limits (Note: if the button is not visable, try changing the
window size).

Define/Edit Bed

Now click the __G_ra_d_at_io_n._.. ---J button to define the gradation.

a. Create a new gradation by clicking the ~
button, and name the gradation "Sample#l."

b. Enter the following gradation, then click OK:

5. Select the "Sample#l" gradation at each cross
section.

Class diem (mm) % Finer
Clay 0004
VFM 0.008
FM 0.016
MM 0.032
CM 0.0625
VFS 0.125 13
FS 0.25 15
MS 0.5 16
CS 1 19
VCS 2 24
VFG 4 25
FG 8 27
MG 16 28
CG 32 31
VCG 64 36
SC 128 100
LC 256
SB 512
MB 1024
LB 2048

Workshop No. 1-4 Flume 20f5 Rev 3/11/08



Step 3 ) Perform the Simulation

5. To save the Quasi-unsteady Data, select "Save Quasi-Unsteady Flow File ... " from

the File menu and name the file lau2000dsl

3. Now click in the white box next to cross section 500, then click the

Ir"""" ········i=i"ow serre's"'''''''' 11 b d h fi 11 . d
~ ; ox an enter teo owmg ata:

1. To run the simulation, click the Perform Sediment Transpolt Simulation~ button
from the main HEC-RAS window.

Duration ~emp
J__J.:..:(h.::.:ou::.:..rs:L)_.......J (F)

24 45

Flow Computation
Duration Increment Flow
(hours) (hours) (ds)

6 1 2000

Entering Quasi-unsteady Flow Data

Define the sediment transpolt function as IYang

Click the IBoundary Conditions I tab click in the white box next to cross section 500 then, ,
Rating Curve Iclick the button, and without entering any data click OK.

From the Main HEC-RAS window, click the Quasi-unsteady flow data~ button.

Click in the white box next to cross section 0, then click the N_o_rm_a_I_D_e:.....pt_h _

button and enter a friction slope of 0.001.

To save the Sediment Data entered in the steps above, select "Save Sediment Data
As ... " from the File menu and name the Sediment Data
ICompleted Sedimen~

At the bottom of the dialog box, click the __S_e_t_T_em_pe_r_at_ur_e_..·_1 box and enter the

following data then "OK.":

6.

7.

8.

1.

2.

4.

Step 2

I
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2. Enter the following in the simulation time window:
Simulation Time Window _

Starting Date: 101 MAR200B Starting Time: 12400

Ending Date: 102MAR200B Ending Time: 1~05::-::5::-9---

3. To save the Sediment TranspOJi Analysis plan data, select "Save Plan As ... " from the

F 'I d h fil IFlumewith2000dswsediment d
I e menu an name tel e an name

the shOJi ID as Iflume w sedl

4.
COMPUTE I

Click ------------------------- to run the
simulation

Step 4 Evaluate the Output

I. From the main HEC-RAS window, select "Sediment Spatial Plot. .. " from the View

menu and select the Profile Plot I tab.

2. The default variable plotted is "Ch Inveli EI" (channel inveli elevation). Click the

Profiles ... Ibutton to select profile number 7. By clicking on the line, enter the final
thalweg elevation at cross section 200 for profile 7:

3. Now click on the Table I tab and provide the final thalweg elevation at cross section
200, profile 7, to four significant digits Gust because we can):

4. How much degradation occurs at cross section 200 for profile 7? (hint: change

Variables ···1 from "Ch Invert El" to "Inveli Change")

5. Which cross section degraded the most and to what depth?

6. How much scour occurs at cross section 400 after the third hour? (hint: turn on
profile 4 and the "Inveli Change" variable)

Workshop No. 1-4 Flume 40f5 Rev 3/11/08
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7.

8.

From the main HEC-RAS window, select "Sediment Time Series Plot. .. " from the
View menu.

Based on the results of this simulation, what shear stress (rounded up to the nearest
0.01 lbs/fe) would you select for designing erosion countermeasures? (hint: change

Variables ... I to shear stress and view the chaI1 and/or table for each cross section;
watch out for boundary condition effects)

I
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9. Which cross section has its mmUTIum velocity occur at hour 1, and what is that

velocity? (hint: change Variables ... I to velocity and view the chart and/or table for
each cross section)

End of Workshop

I
I
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Photographs courtesy USGS
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Courtesy USGS
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Here are two popular ones, there are many more
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CONCENTRATION: I SPACE= 100 MG/L BY WEIGHT
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Figure Courtesy USGS
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Os out based on hydraulics from a single cross section or ensemble average to
represent the whole reach for quick calculations, generally no adjusting geometry
and recomputing hydraulics with time. NOT what HEC-RAS does for detailed
sediment transport.
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If Qsin > Qs potential, then aggradation

If Qsin =Qs potential, then no change

If Qsin < Qs potential, then erosion AS LONG AS - no armoring

- no hard bottom

Model attempts to transport up to capacity if possible
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Size Classifications (AGU) JI6..
Class Name Millimeters

Boulders >256

Cobbles 256 - 64

Very Coarse Gravel 64-32

Coarse Gravel 32 -16

Medium Gravel 16 -8

Fine Gravel 8-4

Very Fine Gravel 4 -2

Class Name Millimeters

Very Coarse Sand 2 -1

Coarse Sand 1 -0.5

Medium Sand 0.5 - 0.25

Fine Sand 0.25 - 0.125

Very Fine Sand 0.125 - 0.0625

Silts 0.0625 - 0.004

Clays 0.004 -
0.00024
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Options Available to Select ~
a Function --1. List important variables for your project and

compare directly with ranges from literature for
each function

2. Use a computer program such as HEC-RAS or
SAM to help in the comparison

a. SAM.aid compares parameters with
Brownlie's database, recommends three best
functions
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r.- Compute for thi; Sediment Reach

I
r Comp<e for .. Sediment A••d,.,

MPM. Meyel·P.ter Muler (flumel
0.4<d<2Smm 1.25 <s < 4.0
1.2 <V <9.4 Ips 0.03 <0 <3.911
0.0004 <S <0.02 0.5 <\II < 6.6 ft
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Table 7·2
Explanation 01 Tolol Load

Modo 01 Transport Availability in S••ambed M81hod of Measurament

Measured
Wash

Suspended

BodMaleriai

Unmeawred

Bod
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T3ble 12-8 R3nge of Inpur viJlues for sedlmenr trOJnsport funcrions (S3m User's MOJnu;rl.

1998) HEC-RAS Hydraulic Reference Manual

Function d. ,. D S "" T

Acker" White 0.1'-1· )IA 1.0- 2.7
0.07 . om ·1.4

0.00006 - 0.23-
'" - 59(f/II/lle) 7.0 7.1 0.037 4.0

EnghUld-Hansen 1\-A 0.19- :;-lA 0.65 - 0.19- OO55סס.0 -
!\A -IS -93

({lilli/e) 0.93 6.34 1.33 0.019

Laursen
1\A O.OS- 0.7 NA 0.065 - 0.67 -54 -oo21סס0.0 63- 32 - 93

(field) 7.8 0.0018 3640

LalU"Sen
'KA

0.011 .
:-lA 0.7 - 9-1 003-3.6

0.00015 - 0.15-
46 - 83

((lilli/e) 29 0.015 6.6

Meyer-Peter
0.-1- 29 NA 1.25- 1.1-9.... 0.03-3.9 0.0004 - 0.02 0.; - NA

MIIJler(flllll/e) 4.0 6.6

Tof.leni 0.062- 0.09;-
NA 0.7 - 7.8

0.07 - 0.000002- 63·
32 -93

(field) 4.0 0.76 56.7 (R) 0.0011 364<J

Tof.lelti 0.062 - 0.45-
)JA

om - 1.1 0.00014-
(jlllll/e) 4.0 0.91 0.7 - 6.3

(R) 0.019 0.8-8 4l)·93

Yang 0.15- )IA ~A 0.8- 6.... 0.1'-1-50 0.000043- 0.44- 32 - 94
(field-SOlid) 1.7 0.028 1750

Yaug:
(field-grm'eD
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A Short List of Sediment .
Transport Relations JIll.

-
BEI).lOAD

BED-AND TOTAL SED.
NO. OF flOWS RANGE OF

AUTHOR{SI DATE TYPE # REQUIRED QUANnnES DISCHARGE
SUSPENDED- LOAD DIS.BY

USED IN SEDIMENT
LOAD DISCH. SIZE

ONLY
DISCHARGES ONLY FRACnoN

QUANnACAnON SIZE (MM)

DUBOYS 1879 BS 11,TeD GILBERT EXPTS. .1-4.0

SCHOKUTSCH 1934 V, q, 5, PloD, GILBERT EXPTS. .3..1.0

MEYER·PETER 1934 V. q,S, 050 NA 3.1-28.6

SHIELDS 1936 BS q.S,~Tr.D!oe NA 1.1·2.6

KAUNSKE 1942 p. 111. Tc:Dso 40 NA

MEYER·PETER AND MUElLER 1948 Vq '. V,S, 0.. 1. NA .4-30.0

~NSTEIN·BROWN 1910 BS TO- D§Oo\' 316 .3·28.6

~NSTEIN IBED LOAD FUNCIONI 1910 p. BS rb, V,S, D2Sl 0'51 Ph 01• Wh V ·100 .l8.2i.!

BAGHOLD 1'66 Ta,v·O. NA NA

LAURSEN 1'68 BS d, V, S, 0 so. Ph WI, OJ, T, ci NA .27-86

COLBY 1964 d.\'.D T.C, NA .10·.30

BISHOP, SIMOtlS,AND RICHARDSON 1966 BS ,.S,D .. o,. NA .19·.93

BAGHOLD 1966 10. V.D!a~· NA .03·1.0

BLENCH 1966 q,S, 0", b, ~m' GILBERT EXPTS. •3Q.7.0

ICONnNUEDI



A Short List of Sediment _
Transport Relations JIiII..

BE[).LOAD BED-AND TOTAl.
SED.DIS.BY NO. OF FLOWS RANGE OF

AUTHOR(S) DATE TYPE I REQUIRED QUANTITIES DISCHARGE
SUSPENDED- LOAD

SIZE USEDIN SEDIMENT
LOAD DISCH.

ONLY
DISCHARGES ONLY

FRACTION QUANTIFICATION SIZE (MM)

ENGELUND AND HANSEN 19&7 BS,V d.V.S.O. ~& .19-.93

IRRIGATION
INGUS-UCEY 19&8 d, V,Y,W CANALs NA

TOFFALETI 1S1! S. r, V, 5, T, Pt.D\,wl v, Df6 &21 .30-.93

SHEN AND HUNG 1971 Rg v,s,w 537 NA

YANG 1973 E, Rg d. V, S,°so."', \. 4&3 NA

ACKERS AND WHITE 1973 Sm, Rg d, V, S,D~I v 925 NA

ENGELUND AND FREDSOE 197& Sm,Bs d. V.S,D~'Il',.B -57 .19-7.76

I HR-l (KARIN AND KENNEDY) 1981 Sm, Rg q,S,O~v &15 .14-28.&

I HR-2 (KARIN AND KENNEDY) 1981 Sm, Rg q,S,Oso-v &15 .14-28.&

BROWNUE 1981 Rg d, V, S,D .. Ug' 999 .0&2-1.4

VANRlJN 1982 Sm,Rg d. V.D!t-D.. \'.r~,r 730 .09-.5&

LAURSEN (MADDEN) 1985 d, V, 5,°SIr Pl' wl,D" r. c:i

LAURSEN (COPELAND) 1988 d, V, S, 0.. P" w" 0" T. ,j

IIBS.BED SHEAR; Vq' VELOCITY ANDIQR DISCHARGE; Pb· STOCHASTICISTATISTICAL Sm' SIMULATION ANDIOR THEOREl1CAL; Rg' REGRESSION WITH DIMENSIONAL
DIMENSiONAL ANALYSIS; E. ENERGY; R• REGIME THEORY

(CONCLUDED)
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Yang's Suggestions when ~
No Measured Data --

• Use Meyer-Peter and Muller's formula when the bed
material is coarser than 5mm.

-Use Yang's sand formula for sand bed laboratory
flumes and natural rivers with washload excluded. Use
Yang's gravel formula for gravel transportation when
the bed material is between 2 and 10mm.
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Yang's Suggestions when .M.
No Measured Data --

·Use Ackers and White, or Engelund and Hansen's
equation for subcritical flow condition in the lower flow
regime.

• Use Laursen's formula for laboratory flumes and
shallow rivers with fine sand or coarse silt.

• A regime or regression equation can be applied to a
river only if the flow and sediment conditions are similar
to that from which the equation was derived.





Adapted from COE EM 1110-2-4000, Chapter 4
Copyright © 2008 by WEST Consultants, Inc.
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CONDUCTING A SEDIMENT TRANSPORT
STUDY:

GENERAL SEQUENCE OF STEPS
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6. De~eIOP Proposed Design ....
FeaturesI _

in ~rodible materials a river will shape itscr~
accordance with its flow, slope, bank materials, and alignment,
irrespective of its initial cross sections, provided the initial cross
section's are not so wide and shallow that the flow does not
have sufficient velocities to move sand along the bed and erode
the bahks. Of practical importance, these test show that in
erodible sediments there is not advantage in digging a new
channel for a river deeper than is normally found under similar
conditions." - Friedkin, 1945

=> If the ~roposed design cross section is not similar to the
regime cross section, sediment problems usually require
extens'ive maintenance to keep the project in operation.
This concept is valid for both flood control and navigation
chann~ls

I
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I
10. Il1jlpact of Sedimentation ~
on Prpposed Project _

I -
C. Calculate sediment yield for project conditions.

I
Use the flow-duration sediment discharge rating curve method
and m~ke a sediment yield calculation for project conditions.

I
D. Calculate the sediment budget.

SUbtrat the sediment yield for project conditions from the
sediment yield for existing conditions.

• PoJitive = deposition. Using simple geometries and
available specific weights, calculate how much time will pass
before deposition is sufficiently deep to affect project
performance.

I
• Negative = erosion. Choose design features accordingly.

I
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CHAPTER 1: Getting Started

-----'f-HE--N-l:JMERI(;~blJ-ME___PR_()BbEMI,------

Introduction

HEC-6/HEC-6T is a one dimensional sedimentation model which includes the hydrologic processes of
erosion, entrainment, compaction, transportation and deposition of sediment. Computational modeling of
sedimentation is the technology of using the computer to simulate these physical processes. HEC-6T can provide
sufficient detail to assist engineers in making decisions about the impact of sedimentation and stream system
morphology.

A model such as HEC-6T is not an expert system it is an aid to a person who is trained in river mechanics.
It takes the drudgery out of computational details and allows the engineer to focus on understanding the project and
the river system.

Certain data requirements must be filled so that HEC-6T will run efficiently and effectively. These data
requirements are grouped into three types. They are geometric data, sedimentary data and hydrologic data, and are
always placed in that order in the "input fIle".

The input file contains the following data.

Geometric data set:
1. model network structure
2. the initial cross sections of the model
3. the hydraulic roughness value
4. the size of the bed sediment reservoir

Sedimentary data set:
1. the number of size classes of sediment in the model
2. the specific weight of the sediment deposit
3. the gradation of the bed sediment reservoir
4. the selection of the transport function
5. the water sediment discharge rating curves for all in-flowing points around the model

Hydrologic data set:
1. the water discharge histogram
2. the tail water elevation
3. the water temperature
4. the computation time step
5. program commands

To illustrate data preparation, a series of examples have been included with the program. The first one is a
flume problem. It is presented in this chapter.

lCopied from "Workbook for SEDIMENTATION IN STREAM NETWORKS, (HEC-6T) by William A.
Thomas, Mobile Boundary Hydraulics, P.O. Box 264, Clinton, MS 39060.
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CONTROL POINT NUMBER

1

• •

2

• •••

3

FLUME

•

4

• •

5

X·SECTfONS & CHANNEL STATION NUMBERS

•

8'---------8
SEG,"tENTNLlMBER J

LEAN WATER SIDEWALL
iNFLO\; ,

r:=r--r-f-+-k-LJ.....
HEAD BAY

HEAD GATE

FLUME BED & SAND ML'(TIJRE

Problem

The file, flume.t5, is a data set that models a simple flume. Below is a sketch of what the physical model
------of-this--flnme-wGwcl-leJt)k-like-fr-om-a-sid~v·iew._Notice_the_6_¥erticaI1ineS_I1umheredJl..through 5 Thes.e_are__the~ _

cross sections and channel station numbers of the flume. The flume has a single inflow at control point 2 and a
single outflow at control point 1. The flume sketch shows these control points as circles. Notice that the circles are
connected by a line that runs the length of the flume. This is called a "Segment." A segment is comprised of a
group of cross section. In this example, a sand mixture has been placed in the bed of this flume. The sketch shows
clean water coming from the head bay. This flume will have a single gate across its entire width to insure that the
inflowing water is distributed uniformly from one wall to the other. The tailwater elevation will be at normal depth.
Since there is no bed material in the inflowing water, one expects erosion to take place as water flows down this
flume.
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Developing the BEC-6T Data File

Now that the physical parameters of our flume have been explained, we can construct what is called a .T5
~-------ffrle-for-HE&-6'f-to-execute:---The-;-T-5--flie-is-all--the-raw-data-GelleGtea-ana-pGt-in-a-.f0rmat-the-c0mpGter--can-r-ead.~--- _

A .T5 file looks like this.

T1 FLUME TEST
T2 HEC-6T VERSION 4.00. 4 MARCH 1994, WA THOMAS
T3
NC .150 .150 .025
Xl 0 6 - .1 200.1 0 0 0
X3 10
GR 10 -1 10 - .1 0 0 0 200 10 200.1
GR 10 201
H 0
Xl 100 100 100 100 .1
X3 10
H 100
Xl 200 100 100 100 .1
X3 10
H 200
PX 100 2 .001 100 100 100
EJ
T4 SEDIMENT DATA FOR FLUME TEST
T5 BED GRADATION ARE HYPOTHETICAL
T6 NO SEDIMENT INFLOW
T7
T8
Il 10
14 4 1 11

LQ Q 10 30000.
LTLTOTAL
LF VFS
LF FS
LF MS
LF CS
LF VCS
LF VFG
LF FG
LF MG
LF CG
LF VCG
LF SC
PF 1.0 128.0 64.0 36.0 32.0 31.0 16.0 28.0
PFC 8.0 27.0 4.0 25.0 2.0 24.0 1.0 19.0 .50 16.0
PFC .250 15.0 .125 13 .0
$HYD

* AB RUN 1
Q 2000
R 4
T 45.
W .1
$PLOTP TITLE= "EXAMPLE 1" 8,9,16
$$END

Page 3 of 7
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The following graph is a digital representation of Cross Section 0 of the flume as it is encoded in the input
data file. Certain parts have been labeled for easier identification.
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The following table groups records by purpose and annotates the different elements of the input data file.

l'-able-l-~};----E)ese-ription-of...fuput-Ree-or-ds,-----------------

Input Records Descritpion

T~ FLUME TEST Title records that describe the
T2 HEC-6T VERSION 4.00. 4 MARCH ~994. WA THOMAS contents of this file.
T3

NC .~50 .~50 .025 Friction Coefficient

X~ 0 6 -.~ 200.~ 0 0 0 The first cross
X3 ~o section in the model.
GR 10 -1 ~O -.~ 0 0 0 200 ~O 200.~ This is at channel
GR 10 201 station 0 - coded on
H 0 Xl. The cross section

is on GR records. X3
requests ineffective
area. The bed
sediment reservoir is
coded on H record.

Xl 100 100 100 100 Reuse GR records from
X3 10 previous cross
H ~oo section.

X~ 200 100 100 100 .1 ditto
X3 10
H 200

PX 100 2 .001 100 100 Template for extending
~oo the model in the

upstream direction.

EJ End of Geometric data.

T4 SEDIMENT DATA FOR FLUME TEST Title records for the
T5 BED GRADATION ARE HYPOTHETICAL sedimentary data set.
T6 NO SEDIMENT INFLOW
T7

TB

11 10 Sediment and model
14 4 1 11 parameters.

LQ Q 10 30000. Inflowing water
LTLTOTAL sediment mixture in
LF VFS the water column.
LF FS (Zero in this case. )
LF MS
LF CS The LF records
LF VCS partition the inflow
LF VFG into fractions by size
LF FG class.
LF MG
LF CG
LF VCG
LF SC

Page 5 of 7



Input Records Descritpion

I \ .I

PF 1.0 128.0 64.0 36.0 32.0 31.0 16.0 Sediment gradation in

i 28-:-0 -l:he-be~edimen
I reservoir .

• PFC 8.0 27.0 4.0 25.0 2.0 24.0 1.0 19.0 .50
16.0

I PFC .250 15.0 .125 13.0

$HYD Hydrologic data set
I begins.

• * AB RUN 1
Q 2000 These records describe
R 4 the Hydrologic

I T 45. Boundary Conditions.
W .1

Q - the water
discharge in cfs.
R - tailwater
elevation
T - water temperature.
W - computation time
step in days.

* After the first event
Q code only *,Q.W until
W the water temperature

or downstream
\

,
elevation changes.

$PLOTP TITLE="EXAMPLE 1" 8.9.16 Plot parameters: Bed,
Water Surface and
Cross Section in this

! Example.

$ $END End of run

I

I
I

I
i

I

I

I
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I
I
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Execution

To execute, type "menu6" and the HEC-6 program menu will appear. Follow instructions on the screen to execute
. the Numerical Flume Data Set. The bottom of the screen shows the $$END record followed by the number of DATA
L-··----·-··------ERR:0R:S-BE'FE€'FEB;-and-the-end··ofiob-statistics-:-This-shows-that--the-execl1tion-has-come·-to-a-nonnal-termination-:-The----

screen will look similar to this.

$$END

o DATA ERRORS DETECTED.

TOTAL NO. OF TIME STEPS READ 1
TOTAL NO. OF WS PROFILES 1
ITERATIONS IN EXNER EQ 60

COMPUTATIONS COMPLETED
RUN TIME = 0 HOURS, 0 MINUTES & 0.00 SECONDS

Printout

Printout is written as the data fIle is read_ This makes it possible to locate errors in the data by searching to the end
of the printout file. Printout can be inspected by a viewer named "List" in the HEC-6 menu.

To view the printout me on the screen select menu item number 4 "DISPLAY OUTPUT TO CONSOLE."

Use the arrow keys to navigate through the printout file if there are long lines. If additional help is needed, turn the
"Help" screen on by using the question mark key on the computer keyboard. Press the question mark key again to turn the
"Help" screen off.

The fIrst image of the printout me is the time and date followed by the HEC-6 Banner. The banner shows the
program name, version number, and dates. Just below the banner is a description of the program dimensions. This is to verify
that the problem has fIt in terms of the number of cross sections and control points.
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B. Go to END OF FILE.

Open the MBH Shell program

Press any key to exit this window.

2. Problem Statement: Display Example3.t6.

example3.t5Select the input file

B. Select the large Execute HEC-6Tbutton. From the Command (DOS) window,
answer the following: f
Does the simulation run to completion? Iy v-\"{.. ~ c.\
How many fatal elTors were detected? 0 , \L- -\ 11
What is the output file name? ["XC; rV<1 '

EXECUTING HEC-6T AND READING THE PRINTOUT FILE

Objective: The student will be able to execute HEC-6T and to locate hydraulic and
sedimentation results in the printout file.

Press the View Output button on the bottom right side of the shell dialog.

A. Choose the Load T5 File button, then use the file browser to navigate to the
directory where the workshop files are stored.

1. Problem Statement: Execute Example3.t5 from the HEC-6T example problems.

The press the Open button. The dialog should now show the complete file pathname and
end with "example3.t5."

The shell will open the output file using the text editor software that you selected during
configuration of the shell.

A. Notice the HEC-6T Version Number in the Banner at the top of the output file.

C. Complete the summalY infolTnation found at the ORMAL TERMINATION ofajob
in the spaces below this line.

Rev. 10/5/11 Page 1 of 4
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READING INPUT DATA FROM file name

PRINTOUT WRITTEN TO file name

__--In---;;../,k--_ FATAL DATA ERRORS

TOTAL NO. OFEVENTSREAD= i?~------------
TOTAL NO. OF WS PROFILES = .~ _

ITERATION S IN EXNER EQ = -=2'------'~=____ _

WRITE END OF RUN GEOMETRY DATA SET TO file name = ~____'____l"--iJ"------_

D. Go to the top of the file. Then do a search for "SB-2" and view

TABLESB-2: SEGMENT I STATUS OF THE BED PROFILE AT TIME =
52.00000 DAYS

SECTION
ID
NUMBER
58.000
55.000

AVG BED
CHA GE
(ft)
-0.42
0.17

WS ELEV
(ft)

981.85
980.66

THALWEG Q (cfs)
(ft)

974.83 1400
973.10 1400

SEDIMENT
LOAD
(tons/day)
554
502

Notice the TABLE Number, SB-2. This string always applies to the Bed Profile Table.

At what COMPUTATION TIME does this "Status of the Bed Profile" Table apply? 11 0\~

E. Search on the String SB-2 and record the COMPUTATION TIME for each printout in

the space below: ~ I/'- J / (

F. Repeat the search down the file, until the SB-2 table at 54 days is located. The "BED
CHANGE" column shows positive and negative values. Circle the correct answer in the
following sentences.

~

A negative bed change indicated (deposition, erosion).

Rev. 10/5/ I I Page 2 of 4
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If the cross section is in a deposition area, there will be or, less) sediment
transpOlted into the reach than is transpOlted out of it.

Record the two erosion zones using their cross section identification values.

~ and)' S . SL \ I \ 1.-

Close the output file.

3. Problem Statement: ModifY Example3.t5 with a special command and re-run.

From the shell, press the Edit T5 File button on the middle left side of the shell
dialog.

The shell will open the input file using the text editor software that you selected during
configuration of the shell.

D. Search for "$HYD" and then add a line below it. Type the following on the new line
(note that the numbers MUST be in the right columns):

1234567 1234567 1234567 1234567
$MXMN 3 3 3 3

The $MXMN Record will cause the program to save maximum and minimum values as
described in the HEC-6T manual.

E. Save the file and then re-run from the shell using the Execute HEC-6Tbutton.

F. Press the View Output button on the bottom right side of the shell dialog.

G. Go to the end of the output file and then scroll up above the names of the input and
output files. There are two new tables there. Fill in the blanks in the table below

CHANNEL WATER DISCHARGE WATER SURFACE ELEV. BED SURFACE ELEV.
STATION MAXIMUM MINIMUM MAXIMUM MINIMUM MAXIMUM MINIMUM

CFS CFS FEET FEET FEET FEET
58 1400.00 532.00 978.89 975.25 974.25
55 1400.00 532.00 980.66 977.63 973.10 972.84
53 2050.00 660.00 977.12 974.64 972.20 971.09
44 2050.00 660.00 975.90 974.32 967.74 967.14
42 2200.00 689.00 975.15 974.15 969.80 969.80
35 2200.00 689.00 974.00 963.34 963.30

33.9 2200.00 689.00 970.36 965.50 963.16 962.65
33.3 2200.00 689.00 970.19 964.86 962.62 962.49

33 2200.00 689.00 970.00 963.73 961.33 961.00
32.1 2200.00 689.00 967.61 963.73 0

32 2200.00 689.00 966.53 963.12 956.45 956.32
15 2500.00 750.00 965.13 957.67 953.54 953.44

1 2500.00 750.00 965.00 956.00 945.98 945.06

(\

I
I
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How would you find out at what time a maximum or minimum occurred?
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Note that calibration is not the same as verification. Verification demonstrates that
the calibrated model will match prototype data during a period of time that was not
used in calibration. Calibration and verification are often performed using a "split
sample" approach.
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Topics to discuss
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Manual 110 differentiates between Computational Modeling, where calibration data
is available, and Computational Analysis, where it is not.
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San Lorenzo River, Santa Cruz, California
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Any type of prototype data that can also be extracted from model results can be
useful. For example, the amount of sediment removed from a mining pit or dredged
from a depositional area after a certain period of time can be compared to modeled
sediment volumes deposited in the reach over the same period of time.
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Objective: This lecture will discuss common
sources of error and troubleshooting
techniques for HEC·RAS Sediment Models
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Boundary Conditions

Interpolation

Fixed Bed Issues

Hydraulic Property Weighting

Output Issues

Guidelines

2

In this lecture we'll discuss Boundary Conditions, Interpolation of Bed
Sediment Gradation, Fixed Bed issues, Hydraulic Property Weighting, and
Output Issues. We'll finish with a discussion of guidelines for
troubleshooting sediment models.

2
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Flow/Load or Sediment Rating Curves

• Data is scarce

• Difficult to assemble

• Data is skewed towards the smaller particle sizes

Samples collected during Low Flows only

~ Samples may not include Bed Load

• What Flow levels / sediment movement is doing
most of the work?

3

Flow-Load data or "Sediment Rating Curves" are required at the upstream
end of a reach. This data is very difficult to come by in the field, and even
more difficult to assemble into useful information. Transforming a sediment
sample, or sampling effort, into a sediment rating curve requires a lot of
subjective assumptions. A lot of times the data is skewed towards smaller
particle sizes because the samples were collected at low flows only, and the
curve fitting and extrapolation methods may not be adequate. Commonly,
sediment sampling does not include bed gradation, and some assumption
must be made as too how much of the sediment load is bed load.

The question to ask is What flows are doing most of the work? What
percentage is bed load, suspended load. Are all sediment fractions
accounted for?

3
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This figure illustrates the difficulty in simply predicting the sediment load for a
wide range of flows. Most of the data points are at low flows and the curve
fitting leaves little confidence. So here, we are off to a bad start. Then trying
to further break this down into a distribution of particle sizes can add even
more uncertainty and error into the model.
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Site Visit

Compare representative Bed Material with the
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A site visit to the sampling location is always beneficial. Does the bed
sediment match up with the gradation curves. How about the sediment
load/rating curve? In this example the actual bed sediment is much larger
than that which is plotted on the gradation curve. It is likely that the
sediment load sampling effort did not include bed load sampling.

5
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6

The upper left hand picture is an example of a suspended load sampler.
Hydrometer tests (on the right) would be used to develop a gradation of the
collected sample. At higher flows, larger sediment will be mobilized, but will
not be collected in the sampler. A gravelometer (lower left) can be used to
get an idea of the grain size distribution of the bed load. Some
approximation of contribution of bed load to the overall sediment load must
be made (if it cannot be determined from field tests). Einstein suggests 10%
of the sediment load is bed load, but this is a very broad statement and the
amount can vary from Less than 1% to near 100%.

6
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Overestimating the Bed Material Size ...

7

Conversely, if the sediment load gradation is overestimated (or skewed
towards larger particle sizes), the deposition at the upstream end may be
grossly overestimated. This figure shows an example. If this is seen in the
output of the spatial plot, make sure the inflowing sediment load is not too
coarse.

7
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Stable Boundary Conditions

Both upstream and downstream boundaries should
be located at geomorphically stable locations

Dynamic Equilibrium

Bedrock

Reservoirs

8

Stable boundary conditions are essential for sediment transport models.
This adds confidence to the model and lets the modeler know that outside
influences (outside of the system being modeled) are not having an effect on
the area of interest. Ideal places to place boundaries indclude locations that
can be confirmed to be in dynamic equilibrium, bedrock areas, or sufficiently
large reservoirs (constant sink).

8
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period?
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4000

Initial sediment pulses may happen as the model "warms up." If the pulses
diminish fairly quickly in the simulation, they can be ignored. However, if
these pulses are affecting the results, a warm-up period should be used to
push the model towards a stable starting condition.

9
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Get the Hydraulics Correct

Downstream boundary

Normal depth?

Rating Curve?

Stage Series?

Upstream boundary
Flows and Durations

10

The hydraulics need to be correct before sediment transport work can be
done. If the hydraulics are wrong, little confidence can be had in the
sediment transport results.

10
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How are the "few" sediment sample gradations
applied to the entire model (i.e. each cross
section)?

Interpolation?

Association?

11

How can we assign bed gradations for all of the cross sections when only a
few samples are available. We can assign by "Interpolation" or by
"Association." Interpolation will actually interpolate the gradation curves for
cross sections located between two samples. Association simply assigns the
bed gradation for one sample to a series of near-by cross sections. Which
one do we use???

11
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• Interpolation

When samples are separated by relatively consistent
substrate. No significant changes in geometry
and/or h drolo of the stream

12

This example shows a relatively consistent looking stream. It can be
reasonably assumed that there are no significant geologic or hydrologic
effects that could drastically change the makeup of the bed sediment
reservoir. In this case, interpolation between the two samples is warrented.

12
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Association

When there is a distinct hydrologic or geological
boundary between the samples

Tributary inflow

• Grade Break

Active Bank Erosion

In this rather obvious example, there is a large dam in between the two
samples. Interpolation would not be adequate here, since there is most
likely a sharp difference in the bed sediment distribution above the reservoir
versus below the reservoir. The reservoir is going to have a lot more fine
material than downstream of the dam. In this case, Sample 1 could be
applied (Associated) to all the cross sections in the reservoir, and Sample 2
could be applied to the cross sections downstream of the dam.

13
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What is a Fixed Bed?

No Sediment
Reservoir.

No scour (at least
initially)

Concrete Channels

Bedrock Streams

14

This canal is a good example of a fixed bed. Sediment can enter this reach
and even deposit, but there is initially no bed sediment reservoir to work
with. This can lead to oscillations as the fast moving canal transitions from a
lot of deposition to a lot of scour from one section to the next over the
simulation.

14
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Can lead to numerical oscillations

No sediment reservoir leads to 0 transport potential

First time step everything is deposited

Fixed Bed typically means High Velocity

N ext time step, everything is scoured.

This oscillation effect moves downstream and can
lead to instabilities in the results.

What to do???

Smaller Computational Interval

Tighter Cross Sections
15

To remedy this situation, smaller time steps and tighter cross sections may
do the trick.

15
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Sometimes must choose between accuracy and
stability.
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Hydraulic property weighting can add stability to a model, but does so at the
expense of some accuracy.
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Consider Upstream Boundary and Downstream
Boundary Independently.

More sensitive to weighting effects.

Only one other Cross Section to "weight" with

17
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574

568 +-~--.--~---r---.--.-----.,....----r--.----.--..--~-~--.---.-
o

572

€
c
0

i.i
>
~ 570w

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I'
I



• Cross Section
Interpolation

Interpolation gives more
weight to individual
cross sections.
Therefore, a more
accurate weighting
scheme will more easily
work. The cross section
interpolation helps to
transition hydraulic
characteristics through
the reach.
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19

Geometric interpolation of cross sections can add stability to sediment
models by smoothing the transition of the hydraulic characteristics over a
reach.

19
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Know how to read the output.

Sediment Spatial Plot

Sediment Time Series Plot

20

It is very important to know what exactly the output is telling you, to be able
to adequately troubleshoot a model. The two most common output graphics
to view for sediment transport modeling are the Spatial Plot and the Time
Series Plot.

20
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S atial Plot
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Plots the Lowest point
in each Cross Section
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21

...J

The Spatial Plot shows the elevation of the channel thalweg for the entire
reach at a given timestep. Animating through the timesteps can give an idea
as to how sediment is moving through the system.

21
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Moveable Bed Limits
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·Location of Bed
Change Limits
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·Ooes the thalweg
spatial plot accurately""
depict the g

deposition/scour of I
sediment for the entire
cross section?

Spatial Plot

Keep in mind the spatial plot only shows the minimum elevation node for
each cross section. As a result, a depositional zone may not be captured
correctly in that plot, if the mobile bed stations are missplaced. This
example shows the mobile bed limits placed low in the channel. As the bed
aggrades, the low point moves out to the mobile bed limit and remains
constant throughout the simulation. The Sediment Spatial plot will indicate
the cross section is stable, when in reality it is depositing a lot of sediment.
A check of the mass plot will help to figure this out.
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Don't forget about the Mass Balance

Check the Time Series Plot for all Cross Sections

If any of them are very stable, and can't be
explained, check the consistency with the Mass Plot

If the cross section is stable in the Time Series Plot,
the Mass Plot should show a corresponding stability.

23
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Here's an example of a (seemingly) very stable cross section. However,
examination of the mass plot indicates the deposition is not being shown at
this cross section in the spatial plot.
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Computational Time Steps

Too large?
Look for stability

Look for reasonableness of results

Want changes to happen gradually
Cross section must have room to adjust both its
hydrodynamic properties and it transport potential

25

Probably the most common issues for models not working properly are too
coarse of time steps and cross section spacing. Keep in mind that
numerically, we don't want too refined time steps and spacings either.
There is a sweet spot. Look for stability in your model output. Does the data
look reasonable. Does is look more reasonable with smaller time
steps/smaller cross section spacing? We want to make sure that changes in
the hydraulics and sediment transport happens gradually from one time step
to the next and from one cross section to the next.

25
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!o Compute for this Se iment Reach ~ I~ I
r Compute for all Sedi ent Reaches 7
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Gradation Left Overbank

Does this work for
your system?

26

Pick the correct
Transport Function!

How was it
developed?

What assumptions
were made?

What range of
material was
examined?

Make sure that the transport function that you choose is applicable to your
hydraulics and sediment properties. Look at how the transport function was
developed and what assumptions were made. What range of sediment
sizes were examined. The Sediment Tranport Capacity window in the
Hydraulic Design area of HEC-RAS provides a well documented description
of each transport function that is available. Check your conditions with that
which is listed in the model. Or better yet, find the original research done by
the developer of the transport function you want to use.
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Some functions will grossly overpredict transport
capacity for sediment sizes outside the range of
applicability.

i.e. Ackers-White

27

Some of the transport functions in HEC-RAS will grossly overpredict
transport capacities for grain sizes outside its applicable range. Ackers
White is a good example of a transport function that does this. If you find
that transport capacities for some of the finer grain sizes are abnormally
large, this may be the problem.

27
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Get the Hydraulics Right!
Run a series of steady flow runs, representing
important (if not all) flows in your Boundary Flow
Series

Check overbank to main channel flow consistency
Standard Table 2.

Transitions. Ineffective Flow Areas.

Do the hydraulics make sense? (i.e. flow cannot
take 90 turns or instantaneously jump from one sub
section to another.

Hydraulics happen Gradually! Even during
dynamic events. Don't fight it. Use it!

28

Get the Hydraulics Right. Everything else will be wrong, if the hydraulics are
wrong. Run some steady flow runs first and concentrate on getting the
hydraulic solution to look reasonable for the range of flows. Keep in mind
that hydraulics in natural rivers happen Gradually. This is actually a gift to us
a hydraulic modelers, because the numerical techniques used in hydraulic
modeling like when things happen gradually. Therefore, if flow distributions
are jumping around, or hydraulic parameters are changing rapidly, it's not
only difficult for the model to solve, but most likely it is wrong to begin with.
Try to fix these issues before embarking on the sediment transport modeling.

28



Get the Hydraulics Right!

Do NOT force unrealistic Manning's n-values or
other coefficients.

Be sure the flows are representative of the system.

29
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Mobile Bed Limit Placement
Hydraulics in addition to bed characteristics should
be considered

Again, gradual changes in mobile bed widths and
placements (relative to bank stations) are
advantageous.

If something looks odd, or out of place on the spatial
plot, check the cross section and make sure both
bed limits and banks stations are correctly placed.

30

Mobile Bed Limits are a common cause of bad, or misinterpreted data.
Make sure you get these correct.
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When examining Hydraulic Issues, Work from
Downstream to Upstream.

When examining Sediment Transport issues,
Work from Upstream to Downstream.

32

For most natural rivers, hydraulic information is passed from node to node in
the upstream direction. Water levels are a function of the discharge and
what's happening downstream (for the most part). That's why it is always a
good idea to troubleshoot the hydraulic results from downstream to
upstream. Conversely, sediment is constantly moving in the downstream
direction (assuming it is moving at all). Therefore, troubleshoot the sediment
issues from upstream to downstream.
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• Look at the Mass Balance in your system.
Examine from Upstream to Downstream.

Does it make sense?

Does the Spatial Profile Plot show the same trend in
scour or deposition as the Cumulative Mass Plot

33

It's always a good idea to check your spatial and time series plots against a
mass balance plot. It's quite possible that for cross sections spaced far
apart, or with wide mobile bed limits (or both), a large amount of sediment
addition to its reach may show up as a very small increase in bed elevation.
The sediment is effective spread out over a large area.
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SedIment Spatial Plot :-Iw"/XI
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This plot shows a reach that is generally degradational. There are some
aggradational sections, but overall, it is degradational.
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The mass plot confirms that the reach is dominated by erosion. A closer
look at the plot confirms consistency with the spatial plot at station 47000.
This is a small section of the reach that is deposition over the simulation
period.
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Is it an Oscillation or an Instability

An Oscillation will dampen over time with constant
boundary conditions.

An Instability will continue to grow over time with
constant boundary conditions.

36

It is good to understand the difference between an natural oscillation in the
movement of sediment through a reach and an instability generated by the
numerical techniques used. Genarlly, oscillations will dampen out naturally
under constant (steady-state) conditions. An instabilty can continue to grow
and lead to very erroneous data or a simulation crash.
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Try to AVOID...
V sing a flow series that is not representative of the
real hydrology.

V sing artificially high Manning's n values in an
effort to meet calibration objectives

Failing to allow enough time for boundary condition
changes to affect sedimentation processes for the
entire model.

37

This is a list of things to try to avoid when running your sediment transport
model.
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Sediment Investigation
and Stable Channel

Design for the
Lower Mud River

A Case Study

Martin J. Teal, P.E., P.R., D.WRE
WEST Consultants, Inc.

- .
This case study is of a project perfOlmed for USAED Huntington by WEST
Consultants, Inc.
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Introduction

• Background

• Stable Channel Design

• Sedin1ent Analyses

• Conclusions
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Background

· u.s. Army Corps of Engineers,
Huntington District Project

• Location - West Virginia, tributary to
Ohio River

3



The project limits are indicated on the figure. As we will see later, the model limits
were located a significant distance both up- and downstream of the project limits.
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View of the Lower Mud River near the upstream project limit during higher than
normal flow. In general, the Lower Mud River appears to be a fairly stable river
with little signs of active aggradation or degradation. Bank erosion was almost
nonexistent.
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Background
· u.s. Army Corps of Engineers,

Huntington District Project

• Location - West Virginia, tributary to
Ohio River

• Purpose - Local Flood Protection for
City of Milton

• Approach - Hydraulic and Sediment
Transport Modeling, Geomorphic and
Stable Channel Analysis
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Background - Preferred
Alternative

• New levee, 250-year level of
protection

• Re-aligned river reach within project
limits

_ a.

The levee level of protection was determined by Huntington District based on
economic analyses and benefit/cost ratios of alternatives. The levee footprint for
the prefelTed alternative was also provided by the District.
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A straight-line connection between the upstream and downstream bends would be
about 2400 feet, only half of the existing channel reach length.
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Almost no change was observed between 1972 and 2001.
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USGS gage number 03204500 was located near a bridge near the Zoar Baptist
Church, about 5 miles upstream of Milton. The site of the gage was visited during
the field reconnaissance and no hydraulic controls were noted at the site. Fotty-four
rating curves were obtained from the COE which cover the time period 1938 to
1978. Each rating curve was examined to determine the stage over time for a series
of given flows: 50, 100, 300, 500, 1,000, 5,000, and 10,000 cfs.

The results of the specific gage analysis suggest that the Mud River near Milton was
relatively stable between 1937 and 1980 (42 years). Minor variations in stage, as
seen in the plot, are usually within the measurement accuracy that may be expected
for this type of analysis.

10



- Slope

The by-pass channel initial design was based on geomorphic principles - sediment
transp0l1 analyses would be used later to examine channel stability over time.

11

Stable Channel Design

• Existing channel is stable, so

• Emulate Bypassed Reach properties
for new channel

- Cross section geometry

- Planform geometry

Because the bypassed reach is apparently stable, the primary objective of the design
of the new reach was to duplicate the parameters in the bypassed reach. For ease of
design and analysis, a trapezoidal cross section was used for the new reach.
Observation of cross sections from the HEC-RAS model shows that existing
sections can also be reasonably approximated by a trapezoid.

The design of the new reach had the primalY objectives of preserving the length and
slope of the bypassed reach, and preserving the approximate cham1el geometry of
sections in the bypassed reach. Secondary objectives were duplication of meander
lengths and meander amplitudes of the existing channel. Another objective was that
the meanders should maintain the left-right alternation found in natural channels.
This last objective required, for example, that the first meander at the upstream limit
of the new reach tum to the right since the previous upstream meander turned to the
left.
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DGN files for current site conditions and the prefelTed alternative were supplies by
the District. These and other coverages such as aerial photography and contours
were brought into GIS to perfonn measurements,
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iii Stable Channel Design

• Predictive Methods for bypass channel

- Copeland procedure (SAM/HEC-RAS)

- Julien & Wargadalam Formula (JHE)

- Leopold & Wolman

• Test on existing conditions first to
determine accuracy before using for

, "'17\ predictions
00 • 'AN' 'NO.

Predictions of stable dimensions for channel width, depth, and longitudinal slope
were generated using two "regime" methods. The first method is Copeland's
procedure (Copeland, 1994), which balances inflowing and outflowing sediment
transport to predict stable channel dimensions. Although computations for this
study used SAM, this method has since been implemented in HEC-RAS. The
second method is Julien and Wargadalam's method (Julien and Wargadalam, 1995),
which uses a series of equations to predict channel dimensions. Predictions of
meander length and amplitude were made using forumlas developed by Leopold
and Wolman, which predict these parameters based on channel width (Leopold and
Wolman, 1960).
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LIiI Stable Channel Design
Channel Forming Discharge

• Q cfd estimated via Bankfull Discharge

• 1.5-year (Dunne & Leopold) - l.l-yr = 5480
cfs

• 0.6% exceedance of mean daily Q's (Nixon)
= 4080 cfs

• HEC-RAS - 3500 to 4500 cfs

• Adopted Qbf = Qcfd =4080 cfs
r "7,

00 ....YAN' • o.

The use of regime equations or SAM/HEC-RAS to predict channel geometry require specification
of a channel-forming discharge. This discharge is a single representative flow that will theoretically
produce (for stable rivers in regime) the same bankfull dimensions as the natural sequence of flow
events. This discharge is also known as the dominant discharge.

Biedenharn et aI., (2000) describe three ways to estimate channel-forming discharge. The first
estimate is the bankfull discharge, the maximum discharge a stream can convey without overflowing
its banks. This can be estimated by recurrence interval flows, hydraulic modeling and field
reconnaissance.

The second estimate of channel-forming discharge described by Biedenharn et aI., is based on flood
recurrence intervals, generally being between the I-year and 5-year floods. It can be difficult to
make a precise estimate from this very wide range of discharges.

The third estimate of channel-forming discharge suggested is the effective discharge. which is that
discharge which transports the largest fraction of the average annual bed-material load.

The most practical approach, and the most common practice, is to use bankfull discharge to estimate
the channel-forming discharge. That approach was adopted here.

For this reach of the Lower Mud River, the 1.5-year flood (as suggested by Dunne & Leopold [1978]
to estimate bankfull) was not calculated, but the I-year flood is 5.481 cfs and the 5-year flood is
11,259 cfs. However, even the I-year flood caused most of the cross sections in the bypassed reach
to ovel10p their banks in the HEC-RAS model. The hydraulic model results indicated that discharges
somewhere between 3,500 to 4,500 cfs resulted in a bankfull condition at most cross sections. The
exceedance percentage method of estimating bankfull showed that the 0.6% exceedance discharge
equaled 4,080 cfs. Because both the HEC-RAS model and the exceedance discharge method
indicate a lower channel-forming discharge than the 1.5-year flood method, these results were
considered more reliable. The 4,080 cfs bankfull discharge obtained from the exceedance method
was in the range of the bankfull discharges observed from the HEC-RAS model, and was adopted as
the bankfull discharge and the channel-forming discharge for the purposes of this study.
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The agreement between cross section parameters in the bypassed channel reach and
the SAM predictions is excellent. However, this is to be expected. The HEC-6T
model was used to generate the sediment transport rates used as an input into SAM.
It is therefore not surprising that SAM predicts stable channel parameters which are
similar to the actual cross sections found in the bypassed reach. The SAM results
are useful, however, for verifying the trapezoidal dimensions and slopes which
provide similar sediment transport rates to the natural channel in the bypassed
reach.
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Stable Channel Design
Copeland Method

• Family of slope-width-depth solutions
for stable channel using Brownlie
sediment transport method

• Input: discharge, roughness, channel
shape, inflowing concentration

• Excellent agreement with observed
conditions

15
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25 21.13 0.000458 0.0462 11.86 3.58 0.14 0.6 lowe'
30 21158 0.000419 0.0455 11.94 149 0.14 0.54 Lowel
35 20.01 0.00039 0.0448 11.97 342 0.13 0.49 l_
40 19A3 0.000366 0.0441 11.$ 3.37 0.13 0.44 l_

45 1884 0.000347 0.0434 11.93 333 0.14 0.41 Lower
50 1827 0.000332 0.0427 11.87 329 0.14 0.38 lower
55 17.71 0.00032 0.0421 11.78 3.26 0.14 0.35 Lower
60 17.16 0.000309 0.0414 11.69 3.24 0.14 0.33 lowe,
65 16.64 0.000299 0.0408 11.57 3.21 0.14 0.31 lowe'
70 1613 0.000292 0.0403 11.45 3.19 0.14 0.29 lowe,
IS 1564 0.000285 0.0397 11.31 3.18 0.14 028 lowe'
SO 15.18 0.00028 0.0392 11.17 3.16 0.14 026 lowe,
85 14.73 0000274 0.0386 11.02 3.15 0.14 025 lowe'
90 14.3 000027 0.0381 10.87 3.13 015 0.24 lowe,
95 13.9 0.000267 0.0377 1071 3.12 015 0.23 lowe,

100 13.51 0000263 0.0373 1058 3.11 0.15 0.22 lowe,-_. Mi-irrun 5•..., p,,",", ---
31----0T71158.54 10.08 0.000245 0.03295 8.77 0.15 lowe,

" ~es trendJono!ll regime.
The defd regime was used 'Of
the COOl)li.ation;.

Stable Channel Design in HEC-RAS Hydraulic Design Functions output showing
the family of stable channel curves.

16



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

iii Stable Channel Design
Julien & Wargadalam

• Three predictor equations for average
water depth, width, and slope

• Input: discharge, median grain size,
Shields Number

• Excellent agreement for slope, predicts
a slightly wider and shallower channel

, .....7' than observed.
co I. "'NT 1NC.

Julien and Wargadalam's formulas provide a more independent prediction of stable
channel parameters than the Copeland method, since they do not depend on
sediment transport rates calculated extemally (HEC-6T or HEC-RAS). The
predicted channel slope of 0.00045 is very close to the actual slope of about 0.00042
to 0.00046 (depending on which upstream limit is used to calculate the slope). The
Julien and Wargadalam method, however, predicts a somewhat wider and shallower
channel than found in the bypassed reach. The actual average depth is about 10 feet
versus a predicted 7.2 feet. The actual widths range from below 100 feet to about
145 feet, versus a predicted 187 feet. One possible reason why the existing channel
is narrower and deeper than the method's predictions may be the presence of
cohesive bank material along much of the Lower Mud River (cohesive material is
not considered in the method).

17



iii Stable Channel Design
Leopold & Wolman

• Two predictor equations for meander
length and mnplitude

• Input: channel width

• Good agreen1ent for meander length

• Predicted amplitude much higher than
observed

,\7'

00 •• "'A'" .NC.

The average existing meander length is 937 feet. The predicted stable meander
length of 1234 feet is reasonably close to this value.

The meanders in the bypassed reach have amplitudes of 77, 89, 154, 166, 194, and
298 feet. The average of these is 163 feet. The predicted meander amplitude of 466
feet is considerably higher than the existing values.

18
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The design of the new reach had the primary objectives of preserving the length and slope of
the bypassed reach, and preserving the approximate chalmel geometry of sections in the
bypassed reach. Secondary objectives were duplication of meander lengths and meander
amplitudes of the existing chalmel. Another objective was that the meanders should
maintain the left-right alternation found in natural channels.

In addition to duplicating the previously measured parameters of the bypassed reach, the
vertical position of the new channel needed to be established. The cross section of the
existing (bypassed) channel at river mile 20.144, near the upstream limit of the bypassed
channel, was used to establish the elevation of the new channel. This cross section is fairly
regular and has an average bottom elevation of about 560.0 feet.

For simplicity, the longitudinal slope of the new reach was set to a constant value, as was
the bottom width and sides slopes. This was reasonable, as the existing slope of the
bypassed reach is also more or less constant.

The available corridor for the new reach is bounded to the north by the proposed levee. In
addition, the alignment incorporated a 100-foot buffer zone from the toe of the proposed
levee to the top of bank of the new channel. The conidor is bounded to the south by hills.

The proposed alignment is shown in this slide. This alignment is based on a 0.00045
longitudinal slope, 45 foot bottom width, 2.25: I side slopes, and an elevation of 560.00
where the channel centerline intersects cross section 20.144. The bank lines shown are
based on where the side slopes would intersect the existing topography, assuming that the
bypassed channel is filled in where it does not overlap the new channel. The closest the
right bank of the new channel gets to the toe of the proposed levee is 96 feet at one of the
bends. The right bank at the other bends is 100 feet or more away from the levee toe.

19



Sediment Transport Analysis

• Purpose: Evaluate stability of future
without project and future with project

• Long-term: Historic data used for fifty
year simulation period

• Single Event: Largest recorded
hydrograph scaled up for 100-year
flood event

• Employed HEC-6T lTIodel

The original study used HEC-6T, but some input/output has been recreated with the
sediment functions in HEC-RAS for this presentation.

20



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

The extents of the HEC-6T model are from RM 105.09 at the downstream end to
RM 109.73 at the upstream end. This reach of rivel' is included in the HEC-RAS
model and was chosen because it contains the project area and allows sufficient
river length both upstream and downstream to show potential project effects and
resolve instabilities typically associated with model boundaries. The proposed
project is located upstream of the Fairgrounds Road Blidge (-RM 19.4) and extends
upstream to approximately RM 20.3.

The downstream boundary of the model is at the Howell's Mill weir. This location
was chosen because it provides a grade control for the channel. A rating curve was
computed at the weir based on a previous model of the Mud River provided by the
District (that model had its downstream limit at the Guyandotte River). The
upstream boundalY was chosen at the site of the fonner USGS gage. This location
was chosen because both water and sediment inflows were developed from data
originally collected at this gage.
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iii Sediment Transport Analysis
Topics

• Geometry and Hydraulic Model

• Erosion & Deposition limits

• Sediment Sampling & Testing

• Inflowing Sediment Load & Gradation

• Sediment Transport Equation
,7,

co ....'ANT INC.

Each of these topics will be covered in subsequent slides.
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iii Sediment Transport Analysis
Topics (cont'd)

• Hydrology

• Fixed-bed Calibration

• Sediment Model Calibration

• FWOP Results

• Sensitivity Analysis

• Preferred Alternative Results and
("'~

••• Y In 'N••
Comparison with FWOP Results

Each of these topics will be covered in subsequent slides.
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Sediment Transport
Geometry & Hydraulics

• Hydraulic model based on FIS (HEC
2), later modified by the District
(HEC-RAS)

• Roughness acceptable, later subjected
to sensitivity

• Cross sections re-aligned, ineffective
flow limits modified as necessary

C10.....L'ANY.. 'NC.

Roughness (Manning's 'n') values for the reach were developed for the original FIS
model (FEMA, 1987) and subsequently slightly modified by the District. Because
assignment of roughness values is somewhat subjective and the values from the
previous model were, in our judgment, not outside of reasonable limits, the original
'n' values were not modified. Sensitivity of sediment transport model results to
roughness were, however, examined (addressed later).

Cross section locations were not changed from the previous study, although several
cross sections were re-aligned to be normal to the flow direction. Ineffective flow
limits were checked and adjusted as necessary, and "slivers" (small openings left
under bridge abutments) were removed. Depressions in the overbanks that are not
representative of flow conveyance were also removed in two cases.
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From the field reconnaissance and plots of the cross sections, the lateral limits of
erosion and deposition were determined and input to the HEC-6T model. The
model assumes that scour is uniform between the erosion limits for wetted portions
of the cross section. Deposition can occur anywhere inside the deposition limits
within the wetted portions of the cross section. In general, the erosion limits are
within what is tenned the Cactive bed'] and are often located just within the main
channel limits. All cross sections were allowed to erode with the exception of those
located at the Howell's Mill weir and the City of Milton water supply weir.
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Erosion and Deposition Limits

• Determined from field reconnaissance
and cross section plots

• Erosion generally limited to within
main channel limits

• Deposition allowed anywhere in
wetted cross section for most sections

• Erosion lilnited at weirs

25



Bed material samples were collected at various locations along the Lower Mud
River to examine gradations at various locations for modeling purposes. Fourteen
grab samples were collected from the channel bottom using a Wildco petite ponar
and were brought to a lab for development of size distribution information per
ASTM 0421 (Sieve Analysis).
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Lower Mud River Sediment Gradations

I
I
I
I
I
I
I
I
I

100

90

80

70

80

50

40

30

20

10

o
10

~
~senes1

-=~ '" _Senes2

'" "'~ :\f\ \
-.-senes3
'"'""*-Senes4
_Serles5

"''' 1\
'~l~ \ ~Sefles6

~Senes7

'" 1'\ \ ~\ \
Senes8

-$ertes9

'\ 1\ '\ ~ \ \
-$enes10

Serles11

" -o-$eries12

~ l\'[\'l> \ Series13

$eries14

\ ~ ~\ \
AVG3-14

'\
\ ~ ,~~\ \ I

I\... \-~~ "\ I
f\..~~ ......... \...

.~

01

I
I
I
I
I
I
I
I
I
I

Bed sediment gradations within the study reach are a required input for sediment
transport modeling. At cross sections that do not have sample gradations available,
the upstream and downstream cross section gradations are linearly interpolated
(using a logarithmic scale) to produce a representative gradation. This interpolation
is performed automatically. The Sample 1 gradation was used for the two most
upstream cross sections in the model (RM 25.862 and 25.617) as it was judged
representative of the coarser material found near the bridge marking the upstream
limit of the model. The Sample 2 gradation was used at the cross section at RM
22.064, the approximate location at which it was collected. For cross sections
upstream of this point, but downstream of the section at RM 25.617, the program
was allowed to interpolate the gradations between those of Sample 2 and Sample 1.
At the location of Sample 3 (-RM 20.522), and at all cross sections downstream of
that point, a representative gradation taken from the average of Samples 3-14 was
used (shown as the curve labeled "AVO 3-14"). At cross sections between RM
25.617 and RM 20.522 the program was allowed to interpolate gradations.
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• 43 suspended samples available for 3
8,000 cfs

• 31 samples indicated percent of wash
load

• Using average wash load, computed
total bed material load using Colby
Method

Forty-three suspended sediment samples were collected by the USGS at the Milton
gage for flows ranging from approximately 3 to 8,000 cfs. Thirty-one of the
samples had a recorded value for percent of material finer than 0.062 mm. The
percent of the suspended samples consisting of wash load (finer than 0.062 nun)
ranged from 25 to 100 percent, with an average of 73 percent (78 percent for
samples for flows greater than 200 cfs). The Colby method (Vanoni, 1975, pp. 218
220) was used to estimate total bed sediment discharge based on the stream
measurements of suspended discharge. The values of mean channel velocity,
stream width, and mean depth, necessary input for the method, were taken from the
HEC-RAS results for the cross sections at RM 25.847 and 25.862. In order to use
the infOlmation for samples where the percent of fmes was not measured, these
were assigned a value of 73% wash load for flows less than 200 cfs and 78% for
flows greater than 200 cfs based on the averages presented previously. Only
measured data collected when the computed channel velocity was greater than 1 ft/s
were used (27 points) because tillS is the low velocity threshold for the Colby
method.
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Inflowing Sediment Load and
Gradations
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Inflowin Sediment Load

A power equation was fit to the data using the method of least squares and is
presented along with the computed points in the figure. Initial inflowing sediment
load to the model reach was computed using the equation, Qs = 0.007*Q/\ 1.49 (solid
line) for all modeled flows.

During the model calibration process it became apparent that the inflowing load was
not sufficient to maintain the quasi-stable channel observed in the field and
discussed in the previous chapter of this report. The inflowing sediment load was
therefore increased by 50% at all discharges. This line (dashed) is also shown in the
slide.
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The sediment size distribution for the inflowing sediment load was determined with
the aid of the sediment transport program SEDDISCH (Stevens and Yang, 1989).
Hydraulic parameters from cross sections at RM 25.862 and 25.847 at flows of I,
100, 1,000, 10,000 and 30,000 cfs were used as input to the program. Total
sediment transp0l1 and transp0l1 by size class were computed at each of these
discharges using the Laursen, Engelund and Hansen, Colby, Yang (sand), and Yang
(sand and gravel mixture) sediment transport fOlmulas. As the Yang sand and
gravel fOlmula gave total transp0l1 results closest to those computed using the rating
curve discussed in the previous section, those results were used to describe the
percentage of inflowing sediment in each size fraction.
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Inflowing Sediment Load and
Gradations (cont'd)

• Once load obtained, gradations
computed using SEDDISCH program

• Capacity by size class cOlnputed using
Laursen, Engelund & Hansen, Colby,
Yang formulas

• Yang (sand and gravel) gave results
closest to rating curve, used for
inflowing load in each size fraction
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Fk>w cis) 1 100 1000 10000 DJOO rJTatal Load Ions/day) 0.01 2.09 310.1 9584.9 49266
1 aay
2 VFM
3 FM
4 MM
5 CM
6 VFS 0.95 0.03746 0.01528 0.01775 0.01877
7 FS 0.04 0.05049 0.02339 0.02474 0.02556
8 MS 0.01 0.(B~1 0.29139 0.29196 0.29562
9 CS 0 0.42264 0.47786 0.46312 0.46028
10 VCS 0 0 0.19192 0.20135 0.19893
11 VFG 0 0 0.00016 0.00044 0.00029
12 FG 0 0 0 0.00046 0.00038
13 MG 0 0 0 0.00018 0.00014
14 CG 0 0 0 0.00002 0.00003
15 VCG
16 SC
17 LC l=JlA SA
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• Williams method used to rank four
commonly used sand transport
functions

• Best (Brownlie) gave unrealistic
results, second (Yang) was chosen
- Good results in many sand-bed streams

• Sensitivity examined later

Williams (1995) developed a methodology based upon four dimensionless
parameters to determine which of four commonly used sand transp0l1 formulas
gives the most accurate results under different situations. The four parameters are
dimensionless grain size, dimensionless mobility number (also referred to as the
grain Froude number, a form of the Shields parameter), dimensionless flow depth,
and dimensionless stream power. The four transport formulas compared were
Ackers-White, Brownlie, Engelund-Hansen, and Yang. Using the Williams method
with input from the HEC-RAS model, the identified best method was that of
Brownlie, followed by Yang, and then Engelund-Hansen. Based on this ranking,
the Brownlie method was selected for use in the Lower Mud River models.

However, initial results showed that the program was not functioning cOITectly
using the Brownlie relation. Although the geometric standard deviation, Qr 0' is
between 1.4 and 1.9 for the bed samples, HEC-6T generated many waming; that
this value was outside the range of data upon which the Brownlie relation is based
and would therefore be set to the maximum value of 5. Because of these wamings
and the dubious results produced by the model, the second best method, that of
Yang, was tried. Because this method produced reasonable results, and because of
WEST's expelience using this method in many other sand bed stream across the
United States, the Yang method was adopted as the prefeITed transpo11 equation.

An additional transpol1 relation was also examined as part of the sensitivity analysis
described later in the rep0l1.
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Sediment Transport Equation
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[iii Hydrology

• Long-term and single-event considered

• 50 years of record developed from
gage data

• 1% flood hydrograph developed by
scaling up largest recorded event

''''7-''
CO.... 'fA,NT INC.

Hydrologic data included both long-term flow data with a period of record equal to
the 50-year design life of the project and a single event flood hydrograph. The
long-term data are used to develop an understanding of the long-term trends in
aggradation/degradation that should be expected as a result of the project. The
single event data are used to understand the potential magnitude of
aggradation/degradation associated with large flood events and what impact this
may have on the hydraulics of the channel during a flood.

The long-term and single event hydrographs were discretized into one-day and one
hour increments, respectively, and used for input to the sediment transp0l1 models.
For the long-term simulation, only flows greater than 2 cfs were modeled. Flows
below this threshold were judged to move negligible amounts of sediment. Water
and sediment contributions from tributaries along the model reach were considered
to be minor for this system and were not included in these analyses.

The shoJi-term impact from a flood was estimated using the flood hydrograph from
the April 1978 flood. Although this flood is not the largest on record, this is the
largest flood for which detailed flow records were readily available (at one-hour
increments). Ordinates of the 1978 hydrograph were scaled up by the ratio of the
peak flows (27,498/6,060) to create the lOa-year flood hydrograph.
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Fixed-bed Calibration

• Necessary to ensure that HEC-6T
hydraulics match those from HEC
RAS

• This step no longer necessary with
sediment transport in RAS

co •• YANY f C.

Typically one wants the HEC-6T hydraulic results to match the HEC-RAS model
results as the latter model is more sophisticated in handling hydraulic calculations,
especially around bridges. With the advent of sediment transport in RAS this
calibration step will probably no longer be necessary.

Hydraulic calibration for this study was achieved by running the HEC-6T model in
fixed bed mode (which allows for computation of channel hydraulics without the
input of sediment or changes in the channel geometry) and making adjustments to
model parameters such as roughness values. HEC-6T does not model bridges in the
same manner as HEC-RAS. Therefore, bridges in HEC-6T are typically modeled
by changing the hydraulic roughness such that the computed water surface
elevations and velocities are approximately equal to the results obtained from the
HEC-RAS model. Water surface elevations and mean channel velocities were
compared for the 1-, 5-, 20-, and 1OO-year floods. The results from on profile are
shown on the next slide.
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Computed water surface elevations for the future without project HEC-6T model
compared very well with the HEC-RAS model results for all discharges. The
differences between results from the two models were less than 2% for nearly all
cross sections. Channel velocity results also compared well. Differences in channel
velocities between the HEC-6T and HEC-RAS model results were typically on the
order of +/-5%. Expected discrepancies were obtained at the bridges due to the
difference in computational algorithms between the two models. Manning's on'
values were adjusted to vary with elevation at most bridges in order to correctly
model backwater created by the structure.
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iii Sediment Model Calibration

• No historic cross section data available

• No historic bed profiles found

• Indicators that planform stable over
time

• Specific Gage Analysis shows bed
stability over time at one location

• No real calibration possible

"-"'.'f
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The goal of the existing conditions sediment transp0l1 model was to duplicate the
quasi-equilibrium observed in the field and from historic data - that is the best that
could be achieved in terms of calibration. However, the overall purpose of the
study was to compare future without project to future with project conditions.
Because we are interested in the relative difference between these two conditions
rather than absolute numbers, the lack of calibration becomes less of an issue.

38



_ ••AII••••

The hydraulically calibrated HEC-6T model was used for a long term simulation
assumed to represent "future without project" conditions. Sediment and hydrologic
data were added to the geometric data set to create the model. Time steps were
adjusted downwards from the daily value as needed (usually for larger flows) to
allow the model to converge to reasonable solutions.

Because the bed sediment gradations are often not "in-sync" with the flow rates at
the beginning of the sinlUlation, a wann-up period was used for all models. Half of
the channel forming discharge identified previously was run tlu·ough the model for
five days in order to allow sOlting of the bed gradation for each cross section in the
model. The end of the wann-up period is the simulation start time used for all the
predictive sedimentation models.
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Future without Project
(FWOP) Results

• Long-term Simulation (50 years)
- Q)t = 1 day, adjusted down where needed

to acheive convergence

- Average Bed Elevation and Thalweg
profiles, cross section shapes checked
every decade

• 1% Event Simulation
- Q)t = 1 hour

- Profiles and cross sections checked at
peak and at end
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Bed elevations are shown at ten year intervals. Note the hjghly dist0l1ed scale which
increases the vel1ical resolution of the results. Also, the labels for each plot (1938
1988) refer to the years used in the synthetic hydrologic record. Consider the 1938
plot as existing conditions with the other results conesponding to 10, 20, 30,40 and
50 years into the future.

It can be seen in the figure that the model reach is predicted to be slightly
degradational for the first one and a half river miles (25.9 - 24.4) downstream from
the former gage location at the upstream limit of the model. The following four and
a half miles (24.4 to RM 19.9) are predicted to be relatively stable over time. The
area located just downstream of this point is affected by the City of Milton water
intake weir. This feature is easily discernable on the plot near RM 19.6. The high
bed elevation of the weir section is followed by an eroded section immediately
downstream of the weir. Another erosional "dip" is located at RM 19.3 and is the
result of high velocities created by the Fairgrounds Road Bridge. The next several
river miles in the downstream direction (to the confluence with Mill Creek at ~RM
16.7) are predicted to be slightly degradational over time. The downstream part of
the model reach, from RM 15.7 to Howell's Mill at RM 12.173 is also predjcted to
be largely degradational. The combination of the weir structure and bridge crossing
at the downstream end of the model produces the erosion seen near RM 12.2, and
the effect of the Yates Crossing Bridge can also be seen near RM 14.8.
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Degradation is seen to occur at most of the bridges (RM 21.295, 21.208,19.384,
17.703, 17.266,14.772, and 12.215) and at a few other constrictions (e.g., RM
18.371). Some deposition is noted at a few locations at the peak flow (RM 16.87,
20.52) but the deposited sediment is removed by the end of the event. Some
deposition is predicted during the receding limb of the hydrograph in the area
between the confluence with Mill Creek (~RM 16.7) and Lower Creek (~RM 16.1).
This area has relatively wide floodplains compared with reaches inunediately up
and downstream.
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iii Sensitivity Analysis

• Roughness
- 80% and 120% of values

• Inflowing Load
- 50% and 200% of values

• Transport Equation
- Laursen and Copeland in place of Yang

,
~
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There is a great deal of unce11ainty in sediment transport modeling. In order to
quantify the affects of several assumptions upon model results, a sensitivity analysis
was perfonned. Depalwre of model results from the Future without Project
(FWOP) solution was analyzed for variation of the following parameters:
Manning's on', inflowing sediment load, and transport equation.
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Simulations were perfonned for "low" Manning's 'n' (80% of the values used in the
base model) and "high" Manning's 'n' (120% of the values used in the base model).
Results after a simulation time of 50 years are shown.

Higher roughness values promote more deposition in the reach upstream of RM 21
which results in a lack of sediment supply (and resulting erosion) in the reach
downstream of the Fairgrounds Road Bridge (RM 19.41). Lower roughness values
have exactly the opposite effect, with increased erosion in the upstream pa11 of the
model reach and increased deposition downstream of RM 19.4. Possibly due to the
stabilizing influence of the City of Milton water intake weir, changes in 'n' values
have very little effect in the project reach (RM 19.4 - RM 20.3).
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Because of inherent uncertainties in estimating the inflowing sediment rating curve,
the sensitivity of model results to adjustments in this parameter was studied. Fifty
year simulations were perfonned using one-half and double the inflowing load for
the base model. Results of the simulations are shown.

The high inflowing load greatly increases deposition in the reach upstream of the
City of Milton weir, maintains a relatively constant ABE in the reach from RM 19
to 16 (compared to 1938 conditions), and shows slight degradation in the remaining
downstream pmt of the model reach. The low inflowing load results show more
degradation throughout the model reach when compared with the FWOP results.
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The Yang sand and gravel transp0l1 equation was chosen for use in the base model
upon the considerations described previously. However, model results are usually
sensitive to the pat1icular equation used for a given study. Because the Laursen &
Copeland (LC) method was one of the recommended equations from the SAM
program (USACE, 1998), the base model was executed using this method in place
of the Yang method. Results of the simulation are shown.

Use of the LC transport equation results in a much greater deposition of material in
the upstream part of the model reach. Below the City of Milton water intake weir,
the LC results still show increased deposition when compared with the FWOP
results. The ABE's are roughly the same as for existing conditions between RM
19.4 and 18.2. Downstream of RM 18, the LC results are approximately the same
as the FWOP results.
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The existing conditions models (HEC-RAS and HEC-6T) were adjusted to reflect
the addition of the new channel and levee. Cross sections falling between RM
19.45 and RM 20.2 in the old model were replaced by new cross sections.

Water surface elevations and velocities in HEC-6T were calibrated to the HEC-RAS
results.
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Preferred Alt. Results

• Existing conditions models adjusted to
include new channel and levee

• Hydraulic calibration perfonned

• Long-term and single event
simulations performed

• Comparisons made with FWOP results
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The 50-year synthetic hydrology record was used with the prefened alternative
geometIy to create the preferred alternative HEC-6T model. It can be seen that,
similar to the FWOP results, a general lowering trend is predicted for the bed in the
model reach and in the project reach.

It should be noted that the bed gradations in the new reach were assumed to be
unchanged from those of the bypassed reach. In reality, the new channel will
probably cut tluough layers of sands, silts, and clays as indicated on a single boring
log found for the new channel alignment. As noted, there will most likely be a
period of adjustment as fine materials are transported downstream leaving the larger
bed material to be mixed with sand supplied from upstream reaches.
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The prefelTed alternative model was also executed using the ]OO-year flood
hydrograph described previously. Bed elevations at the beginning, time of peak
flow, and end of the hydrograph are shown. The results closely resemble those
found for the existing conditions single event model.
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The key to anticipating effects of the project lies in comparing the PrefelTed
Alternative (PA) results to the Future without Project (FWOP) results.

The difference in bed elevations between PA and FWOP results is shown. It is
apparent that the City of Milton water intake weir located at RM 19.658 plays a
major role in the difference between the FWOP and PA results after 50 years of
simulation time. Below RM 19, the results from the two alternatives are nearly
identical. Upstream of that point, removal of the weir (which acts as a grade
control) results in aggradation downstream and degradation upstream of the weir
location when comparing the PA results to the FWOP results. However, both sets
of results show an overall degradational trend in the model reach when compared to
the existing conditions (" 193 8") results.
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The foregoing results imply that the weir affects the local stability of the river. A
"close-up" of the area between RM 19 and RM 21, which includes the proj ect reach,
is shown. The maximum lowering of the bed elevation upstream of the weir
between the FWOP and PA altematives is approximately 1.6 feet. The effects of the
weir removal appear to propagate several river miles in the upstream direction.
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The only area where PA and FWOP results differ for this event is between RM 19
and RM 21, shown in the slide.

The difference in the results lies in the absence of the weir in the PA model. The
existing conditions results in the figure are dominated by the effects of the weir. At
the time of the peak flow the PA results show deposition just upstream of the
Fairgrounds Road Bridge (RM 19.465 to 19. 563) due to backwater, and erosion
upstream of that area (RM 19.67 decreasing in magnitude up to RM 20.096) due to
the constricting effects of the levee. Some reduction of the deposition area and, to a
lesser extent, filling of the eroded area is noted at the end of the hydrograph (where
the flow is still 500 cfs). Low flows present in the channel for a large pal1 of the
year would be expected to gradually rework the sediments and fUl1her fill the
eroded area.
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iii Conclusions

• The Mud River near Milton appears to
be in quasi-equilibrium based upon
historic data, specific gage analysis,
and field observations

• New bypass channel was designed
using geomorphic and engineering
methods - expected to be stable

• Sediment transport modeling confirms
same trends for Preferred Alternative
as FWOP over 50 years
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iii Recommendations

• Protect levee at bends, especially
before vegetation is established
- Consider toe-down, overbank flows using

model results

• Establish sediment ranges for
monitoring

54



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

iii Acknowledgments

• USAED Huntington
- Phillip E. Anderson

- Sean Smith (Jacksonville)

- Jerry Webb (HQ)

- Eric Dolly

- Steve Foster

- Janet Cody

• Triad Engineering (Sediment Testing)

fV,

ClO NT "NO.

55



56



I
I
I References

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Biedenham. D.S. Copeland. R.R.. Fischcnich. J.e..
September 2000. "Channel-Fanning Discharge." U.S.
Ann)' Corps of Engineers. Engineering Research and
Development Center. ERDC/CJ-IL H£TN-II-5.
Washington. DC.
Copeland. R.R .. 1994. "Application of channel stability
methods - case studies." Techl/ical Report HL-94-ll.
U.S. Anny Corps of Engineers. Waterways Experiment
Station. Vicksburg. MS.
Dunne, T.. and Leopold. L. 8.. 1978. Water ill
Elll'irollmellfal Plal/ning. W. 1-1. Freeman and Company.
San Francisco. CA.
FEMA. September 1987. "Flood Insurance Study.
Cabell County. West Virginia. Unincorporated Areas,"
Julien. r,Y _, and Wargadalam. J .. 1995. "Alluvial
channel geometry: theory and applications:' JOlin/al of
Hydraulic EI/giueeriug. ASCE. 121(4).312-325.
Leopold. L. 8.. and Wolman. M.G .. 1960. "River
Meanders;· Geol. Soc. Alii Bul/. v. 71. pp. 769-794.
Leopold, L. B.. Wolman. M.G., and Miller. J.P.. 1964.
FlliI'ial Processes ill Geomorphology. W. H. Freeman
and Company. San Francisco. CA.

Nixon. M.. 1959. "A Study of Bankfull Discharges of
Rivers in England and Wales:' Pl"Oceedings oftile
IlIstifWioll ofCitH Engineers. vol. 12. pp. 157·175.
Stevens. H.H .. Jr., and C.T. Yang. 1989. "Summary and
Usc of Selected Fluvial Sediment-Discharge Fonll111as.··
USGS Warer Resources /m'estigariolls Report 89-4026.
Denver. CO.
Vanoni. V.A.(editor). 1975. "Sedimentation
Engineering:' ASCE Malluals alld Reports 011

Engilleering Practice NUll/bel' 54. ASCE. New York. NY
Williams. D.T.. 1995. "Selection and Predictability of
Sand Transpon Relations Based upon a Numerical
Index:' doctoral thesis. Colorado State University. Fort
CoJlins. CO.

57



cONt;aUAN'Is"INC.
www.westconsultants.com

Objective: This lecture will discuss the
stable channel analysis capabilities of
HEC·RAS

Copyright © 2008 by WEST Consultants, Inc.



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

r:::aNS.LY".T", I.e.
www.westconsultants.com

General Guidelines

Uniform Flow
Computations

Stable Channel
Design

Sediment Transport
Capacity

2

The figure presented in this slide is of "Lane's Balance." Lane's Balance
illustrates the balance required between sediment load, discharge, channel
size, bed gradation, and channel slope to maintain a dynamically stable
channel. Such a channel is often referred to as being in "Dynamic
Equilibirum"-equilibrium in the sense that there is no appreciable reach-wide
aggradation or degradation over time, but the channel is still able to move
laterally (scouring bends and developing point bars, for example).
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Based on SAM Hydraulic Design Package.

General approach used in SAM has been altered
to fit within the HEC-RAS framework.

Can aid in the Design of Stable Channels.

Compute the necessary hydraulicparameters
within HEC-BAS, then use the Channel Design
Features to design a stable channel and
determine its sediment transport capacity.

3

The Stable Channel Design methods in HEC-RAS are based on the SAM
Hydraulic Design Package for Channels, developed by the U.S. Army Corps
of Engineers Waterways Experiment Station. These tools can be used to
help in the design and analysis of stable channels.
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Q= 1.49 ARJjS~
n

4

Preliminary Channel Sizing and Analysis for a given
Cross Section

Solves the Steady

State, Manning's

Equation for

Uniform Flow.

Manning's Equation for Steady-State Uniform Flow (English Units form. For
SI, the 1.49 in the numerator is 1.0). Q =Discharge, n =Manning's n value,
A =Cross Section Area, R =Hydraulic Radius, and S =Energy Slope. For
uniform flow conditions, the energy slope =the water surface slope =bed
slope.

I
I
I
I
I
I
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Provide 4 parameters, HEC
RAS solves for the 5th•

Q = f(A,R,S,n)

, for Irregularly Shaped Channels.

When solving for Width, a
compound section with up to 3
trapezoidal templates must be
used. Provide Depth, Side Slope,
Bed Slope and n, HEC-RAS
solves for Width.

Q= f(Y,W,z,S,n)
, for Trapazoidal Shaped Channels.

5

The user can solve for Discharge, Stage, Slope, or Manning's n values for
all cross sections. Both Area and Hydraulic Radius are functions of Stage.
Alternatively, a width can be solved for, however a compound shape (with up
to three trapezoidal templates) will be constructed when this method is
chosen.

5
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n~ 5"

204
0
... -sOD' ~ .

n....ree-e- ~~

~lW\;Qot.... Iu"""'\wl.... ~"",....,

Select a River Station

Provide a Slope and a
Discharge.

Click Compute. HEC-RAS
solves for the W/S elevation.

Alternatively provide Slope
and W/S Elevation and solve
for Discharge

-or provide Discharge and
W/S Elevation and solve for
Slope.

e:ONa.LTA.Tsr. ••C.
www.westconsultants.com

First, select a River Station to work with. Once selected, it will show up on
the graphic. Then you can:

Enter a Slope and Discharge and solve for W/S Elevation or

Enter a Slope and W/S Elevation and solve for Discharge or

Enter a Discharge and W/S Elevation and solve for Slope.

I
I
I
I
I
I
I
I,

I
I
'I
I
I
I
I
I
I
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Statm ElevalDn E~ R

Slope:l0,00412

Discharge: 15000

VIIS EIev:1=:121=S,7=-S-

CopyXS to Geometric Data..

Apply GeomelrjI I
I

<_
Strickler
Lmemol
B'......
GrfSUA
GranB
GratsC ..,

AppIj G"""""" I
I

1 0 221 Manning 0.1
27 220.3
336 21.6
4131 21.6
5 233 216.8
6 292 21.6
7351 216.4

~ ~: ~~.~ IM_ 3 393

10 627 213.2
11 692 209

When solving for Slope, Discharge, or W /S
Elevation, any of the roughness equations
can be used.

When solving for Manning's n values,
Manning's, Keulegan, and Strickler can be
used.

Or provide all 3 Standard Variables and
solve for an "n" value by leaving it blank.

Alternatively, you can provide all three of the variables Slope, Discharge
and WS Elevation, leave a Roughness Value blank and solve for the
required roughness value to meet Manning's Equation.

Within the Uniform Flow Editor, HEC-RAS allows the user to define
roughness by other equations in addition to Manning's n values. Roughness
values solved for using other equations are converted to Manning's n values
for the computations.

When solving for the Roughness Value (i.e. the roughness value cell is left
blank, and Slope, Discharge, and W/S Elev. are input), only Manning's,
Keulegan, and Strickler can be used. When solving for the other variables,
any of the roughness equations/methods can be used.

7
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Manning's - Uses the provided n value.

Keulegan - Requires Temperature Data (for viscosity)

Strickler - Requires a ks value (in the Roughness Column)

Limerinos - Requires a d84 particle size

(Gradation Button) <114."",~
d50."", ro:s-

Brownlie - Requires d16, d50, and d84 and Gradation... diS."",~

particle specific gravity. ~~

SCS Grass Curves - Consult Table 12-1 in Reference Manual to
determine appropriate Grass Curve (A through E).

Manning's: When choosing the Manning equation method, one n value or a
range of n values is prescribed across the cross section and then the
Manning's equation is used to solve for the desired parameter.

Roughness Equations.
The selected equation is usedin the computations,
and an equivalent Manning's n value is back
calculated.

e:ON•• LTA.T", .Me.
www.westconsultants.com

Keulegan: Applicable for Rigid Boundary channel design. Based on
boundary layer theory. Applicable for Froude Numbers between 0.2 and 8.0
and for relative roughness values (R/ks) less than 3. See the HEC-RAS
Hydraulic Reference Manual for a detailed description of this method.

Strickler: Uses the "Strickler Function" =0.0342 for natural channels, 0.0342
when performing velocity and stone size computations for riprap design, and
0.038 for discharge computations in riprap design. N =S.F. * ks"(1/6),
where the equivalent sand roughness, ks, can be represented by the d50 of
the bed material.

Limerinos: Good for larger grain sizes. Can only be used in the upper flow
regime (grain-related), which means the inertial effects on the grains
dominate over the gravitational effect~ - in other words, swift-moving
streams. See the HEC-RAS Hydraulic Reference Manual for a detailed
description of this method.

I
I
I
I
I
I
I
I
I
I
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Geometry can be adjusted to
meet parametric requirements.

i.e. Alter the cross section
geometry until a required water
surface is met for a given slope
and discharge.

Copy the newgeometry to the
geometry file.

SlQlyln I \\fdh 1
Stalion Elevolion Equolion R

1 ° 221 Maooing 0.1
2 7 220.3
3 36 216.6
4 131 216.6
5 233 216.8
6 282 216.6
7 351 216.4
8 518 2161 8,ownlie
9 591 213.3

10 627 213.2
11 692 209 ~

Af!Ph' Geometry I
G,odolion... I SpecifIC Grmy.I2.65

SIope:'"'I00Q4=12

Di3cllorge:l5OOJ

'VIIS Elev: ""121""6.79=--

Copy XS 10 Geometric Data.. 1

9

The Uniform Flow Editor is compatible with the geometry file. In other
words, any changes you manually make to the Station/Elevation table,
including roughness value and equation, can be copied into the regular
geometry as a replacement to an existing cross section or as an entirely new
cross section.

9
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Stalion [lev..... E A
10 221 Mlfrilg 0.1
21 220.3
336 216.&
4131 216.6
5233 216.8
S 282 216.6
7351 216."
8 518 216.1 BKWrie
95!1 213.3

1 6Z1 lU2
11

10

:.:J
:.:J A.... 51., I""'r-__~:.:J:!·...;:.:.t..t:.L..----,----,.,.---_--::::::::::...J....:;x::o.L

Uniform Flow RS = 5.99

lit 0.1 --+--a---1~ r------ lit 0.14

Riwlr-Bf>8\'lIte:.eet. FleactrICtrtwood RS:599
Sew. UnlonnFbooltuWlbISl.IftceEleYation

T~ann·55
~G •....t)oolSedmerU·2.1:i5
lfMaQ.S4. lfiO.o.S. d16.Q.16
OidMtge .. 5QXl
Sklpe.OJIW12
'YIlUifSurf«::eEleYarion·216.79

Tile: thd«.i:OesianTetl

AMM. IB_Oeek

AeodJ: IKentwood

'IIl,,1n1 "'''''' I

View the Report for more detail..

I
I

I

I

I
I

I
I
I

The Report provides a text file with most of the input and output data
resulting from your Uniform Flow Analysis. This data can easily be copy and
pasted into other documents or printed.

I
I
I
I
I 10
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Computing Widths
First, 511 out the channel
template table for an initial
cross section.

Apply the geometry and adjust
Roughness as necessary.

Then enter a slope, discharge,
and w/s elev.

Compute the width in eithp
the main channel or the /
overbanks.

Can compute the width by
applying to the right of
centerline, left ofcenterline, or
both.

1: ........... OOJ

"I:' M...-., om

""I. ~1l00 ~

~-~..J

11

When determining uniform width, a trapezoidal compound channel must be
used. The compound channel can have up to 3 trapezoidal templates, a low
flow, a main channel, and an overbank channel. An initial channel shape is
first provided in the upper table. Then, once the Slope, Discharge, and W/S
Elev. is entered, a width is solved for. You can either solve for the main
channel width, or the overbank width required to satisfy Manning's equation.
That width can then be applied to the left side, the right side, or equally to
both sides of center.

11
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° ° °

20

2S

30

15

:3
:3 R"'SIn' 1..9.r-__-r=--;.L,;,L-_..,.--nr-....=="--;=~

Station Elavation E A
1·120 J2 M~ 0.03
2 ·100 22
3-31).89 22 lo4atri1"lg 0.03
4 -20.89 12
5 .J 12 h4ar'1"Wlg 0.00
6·2 10
72 10
.3 12 M....... 0.03 .=J

SSl SSR \lJl. WFI H' Invert

0' 2~'022
M';" 1 2QS 20.9 '0 12
If ns 0.5 2 10

~

--.J
Ca.puteW'"dh1 Sbpe:~

1M'" :3 00d>0..~ j
IT,,' :3 ""ISEIov.~!

Ele_j)OW~

Title: H",*dcOe.sialT~

AiYer: IBeaverCreek

R_I·...-
SIQMn Wdh I

Anew main
channel width
that satisfies
Manning's
equation is
determined...

Computing
Widths

I

I

I

I

I
I

I
Shtlon(ft)

"""XSInG"""",",O.. --l~===- ~d..1

I
UriormFlow Resull

So/YeUnihxmFlowlot Total ManCh.nlelWdh

Enlel' the IrMIlt d the Low Flow Chamel

I
I, The new channel is automatically updated in the graphic.

I
I
I
I
I
I 12
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o'+-----------------~
o

Stalion(tt)

J

(-
~

CopyXS to Goomelrio o~... 1

SI.u.n Elevation E

s""",,.. ~~hod rIL....-----~..,

d7'5lnrnlr-- r-- r-
O,r- "",r- S,r--

Specl"ICGra-dy:

Angle 01 A_'
SidsSlope:

'''''"''''nOfk:

Can be used
to design a

stable channel
based on 3
different
methods ...

13
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Copeland - Stability defined as "Sediment
Inflow = Sediment Outflow" for a given reach.

Regime - Stability defined as "No net annual
scour or deposition" for a given reach.

Tractive Force - Stability defined as "No
appreciable bed load movement" for a given
reach.

14
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Hydumhc Dcsign Sldblc Chctnncl DClilgn r.:lf5Jrx]

r

I
I

:
I

I

Stetion(lI)

.-- HD-,Fie: ~:\HE:C·RAS ElCMI'd&s\Stsadll EKarmIe.\BEAVCREK.hOl

0] ~~
:-----=:0] LJ -.---J R_, I

Stable Channel Design Copeland
Sedmert Corcertr8tion • a

BrtlnpJ:
LeIt Ailtt e

""SO"" r-r- B
E.,- IH........ :::J IH........ :::J ~
no< ~~

I~I

Oplionallrp,t

V""SO""r---
Hod o..m.lW"",r- Dol... R""""" I

0]

Copeb'd I AecPe 1 TladiveForce I
Req.irodl~

Ditcharge:
SpeciicGrMy.

T~dl.a"CI:

0]

~St_IE"'_IE"""'IR"",*",,,j

~ .:J
~~--.J--.J r

EleIype~l:!'tP

Hie: ~vO"" OeD:.! TMt

Optional

Valley Slope

Med Channel
Width

Discharge

Specific Gravity

Temperature

Gradation

Side Slopes

N-value

Sl4lPiJ.o Reach BottcmWdh.{ftJ "".eo
15

Developed by Dr. Ronald Copeland of WES, the Copeland method is
primarily analytical, with some empirically-derived equations. It uses
Brownlie's equations for depth and discharge and will solve for a stable
depth and slope. No bed load movement above the banks. Since
Copeland's method defines stability as Sediment Inflow =Sediment Outflow,
an inflowing sediment load must be established. This can either be done by
providing a sediment concentration, or by allowing HEC-RAS to compute the
sediment concentration by the geometric and sediment properties of an
upstream reach,

15
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Slotion(ft)

Left R'

r---
~~
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OK I C4nceI I

Bonk I"""

Side Slope;
Equoliat

nOfIe.:

0+----------o

S"",,", R.ech Boltan WJdttt

S"",,", Reech BnHe9't

S"",,",E""lllIslope;

.=J
I

r E".lIn11owS_Ca1ceroolion(pom~ r-- a~

"'15(0)=---1<> ~::;'~Iholnllow

f2:65 G,odalicnI
155

L.eIt R'r-Z
IMarri1g 3 IMarri1g 3
~~

InIIows.-...

Slolion Elevolion Equation R

nork:

..:..J
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Bark I.....

sidesklpe:

Equoliat

OplionollnputV."."SIope;r----
Mod. CNrnel WJdtttr--- Deld Regine." I

CooeIond I Recime I T,adMl Face I
Required Input
Dischooge:
SpeclicG,OYiy.
Terf'C)efal:~e:

Have HEC-RAS
Compute it.

Must Provide
information about
the inflowing
sediment.

Enter the
Inflovving

Sediment Load
Concentration or-

Copeland

I
I
I
I
I
I
I
I
I
I
I

16

Since Copeland's method defines stability as Sediment Inflow =Sediment
Outflow, an inflowing sediment load must be established. This can either be
done by providing a sediment concentration, or by allowing HEC-RAS to
compute the sediment concentration by the geometric and sediment
properties of an upstream reach.

I
I
I
I
I
I
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• Copeland-Outl2ill i:WJI,,,,,,,1
Stability Curve J

Q·5(XXJcts
Tdal Sedmen: Concertrslon· 450 ppm

~Stat:iltyCtne

Selecl. a d:~ channel dinensionlo~. Seci-neriConcl!lnb....... ppm- 450

Botlcm E.... . H Froude 5..... ~
Degradation

Wdh 0""" 5 ..,..... Am.

v_
N,m", So." A 00012

(>

" la07 0.002011 Q0545 9.57 5.52 Q23 2.27
(" 28 16.9< 0.001236 0.0510 10.013 4.77 0.2 1.31

0.0010
ation

(" '2 15.5 O.OOHO::; 0.(1.(98 10.13 4.42 0.2 0.97 O~
(" 07 ln4 Qtml46 0.0.472 9.91 '.23 0.2 0.74 0<1006
(" 71 1>.. 0.OCkl76 0.0448 9.54 4.11 0.2 0.6 0 SO 100 'SO 200 250 JOO
(" B5 11.51 0.(((1707 0.0428 ~11 '.02 Q21 0.51 BaseWlth, ft-
(" 99 mss O.COli79 0.0411 063 3.9< Q21 0.45 -l
(" 113 ~73 0.lXXE59 0.0396 8.17 3.87 Q22 ••(" 127 ~02 0.=<8 0.0387 7.79 3.81 .22 0.36 L_ i:WJ1 '''''''1(" 141 042 0.00CJ643 0.0379 7.41 3.76 .23 0.34 L_ J(" 156 7.86 0.flXE.41 Q0373 7.05 3.71 0.23 0.31 L_ Stability Curve
(" 1711 7.4 0.((03.43 .0366 6.n 3.66 0.24 0.3 L_ Q. SOOOCt3

(" 184 6.99 0.00CJ645 Q0363 6.44 3.61 0.24 0.28 L_ Total sedmenI ConcertrSlon· 4SO ppm

(" 198 6.63 0.(0);48 0.0354 6.14 3.07 .24 0.27 '-
(" 212 6.3 0.((Di5( Q0350 S.as 3.53 Q25 0.16 L_

~(" 226 6.02 Qtr036 Q0J46 5.65 149 Q25 0.25 '- 00020
StlllbililyOsve

(" 240 576 0.tr0367 Q0J43 5.44 3.45 Q25 0.2' L"", 0.0018
(" 255 55 O.COli75 Q0J40 5.22 3.41 Q26 0.23 L_
(" 269 528 0.ocml3 Q0337 5.04 3.38 0.26 0.23 L_ 0.0016

(" 283 509 0.lXml1 Q0334 4.87 3.35 0.26 0.22 L_ ~
0001. Degradation

MniTun Sbeem p"", 00012
(" 1557S 7.87 0.00:642 0.03766 7.09 3.71 0.32 L_

00010
Aed tell1 i'dcal:es that the ·i'dcaI:esb~'egine.. Aggradation
ClJn'lPl,ied*kJpeis~eatelthanthe The defd regime was uted fOf OJlOOl
usef-ente-ed v4ey dope. incicatng

~ Don"'"
Ihsco~ationl. 0<1006

ollpotenial~b~ . 10 12 14 "
,. 20

"",""n

The output provided by Copeland's method is an array of stable
width/depth/slope combinations. These can be illustrated with stability
curves as shown in this slide. The curve on the plot defines channel stability
over a range of depths, widths, and slopes. Above the curve, you can
expect degradation in your channel. Below the curve, you can expect
Aggradation. A minimum Stream Power solution is also provided which
corresponds to the vertex of each of the stability curves.

17
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~
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0
0 1.=J

",",XSIoG_O...... I
St..,(ft)

,r

RegineSlcpe.lft)
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Regime
Discharge

D50

Sediment
Concentration

Temperature

Side Factor

0.1 to 0.3 for
"Friable" to
"Tough" banks

The Regime Method is based on the concept that there is no net annual
scour or deposition in the channel in order to be defined "Stable", Equations
by Blench (Blench, 1970) are used in HEC-RAS and are intended for use in
channels with sand beds. Discharge, d50, Sediment Concentration,
Temperature and a Side Factor are required inputs. A stable regime Depth,
Width and Slope are then solved for. Blench suggests certain channel
characteristics that his regime equations work best for. They are presented
in the Hydraulic Reference Manual. Unless your channel meets all of these
characteristics, this technique is better used as a method to obtain
approximate results.

Blench, T., 1970. "Regimne Theory Design of Canals with Sand Beds."
Journal of the Irrigation and Drainage Division, ASCE, Vol. 96, No. IR2,
Proc. Paper 7381, pp 205-213.
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eRegime
Depth, Width and
Slope are solved
for.

.. ..
EIo _~tJo\>

Tits: tlUlidcOetitnTe$t HO Fie: !C':\HECAAS hande*\Slebdv EIWI'det\9EAVCREK.hOl

I =oJ 1 =oJ o""·I~
I =oJ 1 =oJ I 1 I~.--,I A_·I

""""'"" A9ne I TlactMFOIcel Slable Channel Design Blench Regime -I htO.0136 I
'" 1=1Aequrodlnput 1_.DischaIge:

d50.~ [.5lrol
Sedmenl Conc:.• Cppm: 1.50.00 "
T~allMe: ~

ISi:leFoclOl,F.: ~

SdveFOI ~ i 10 I
A....O"""~ IfA~\lfdh: 1463.81
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I
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Pick 2 of:

D75

Depth

With

Slope

HEC-RAS solves
the other 2.

Tractive Force

The Tractive Force method is an analytical approach to channel stability,
that defines stability as no appreciable particle movement in a given reach.
Consequently, this will not work well in a natural sand-bed stream.
Essentially, HEC-RAS determines a critical shear stress and compares it to
the computed shear stress. If the critical shear stress is exceeded, then the
bed particles are moving and the bed is not stable. Lane and Shields can be
used to determine the critical mobility parameter. Alternatively, the user can
enter in the critical mobility parameter manually, if neither Lane nor Shields
is adequate. The procedure is documented in the HEC-RAS Hydraulic
Reference Manual.

I
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eTractive F
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r cr = e cr (rs - r )d50

ecr is solved for using Shield's Diagram.

e cr is entered by user.

User's

Shield's

Lane's

22
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Tractive Force

3 Tractive Force Methods Available

Lane's critical shear is based on the sediment d75.

Shields uses a critical mobility parameter and the d50. The critical mobility
parameter can be determined from Shield's Diagram, however, in
hydraulically rough flow, the sediment particle properties dominate and
constant critical mobility parameter of 0.055 could be used. Shield's curve is
based on "permanent grain movement" at all locations within the reach. In
other words, designing a channel using Shield's may lead to occasional
particle movement, but reach-wide movement should not be expected.
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Shield's Diagram (Grat, 1971)
23

Shield's Curve (Graf, 1971). Above the curve indicates permanent grain
movement at all locations throughout the reach. Notice that the curve levels
off at a critical mobility parameter of 0,055 when the flow becomes
hydraulically rough.

Graf, Walter Hans. 1971. "Hydraulics of Sediment Transport." McGraw Hill,
Inc.
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Initiation of Motion and Suspension for a Current Over a Plane Bed (Delft Hydraulics, 1972) 24

10
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0.10

008
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Figure from Van Rijn, Leo C. 1984. "Sediment Transport, Part I: Bed Load
Transport," Journal of Hydraulic Engineering, ASCE, Vol 110, No. 10, pp
1412-1430.

An alternative to Shield's Diagram, this set of curves better defines the type
of particle movement. If no particle movement at all is desired, then curve
#1 should be used and the channel should be designed to fall below this
curve. Notice that Shield's Curve falls between curves 5 through 7. This
would indicate that Shield's provides a stable channel that may have
significant particle movement at times. Consequently, HEC-RAS allows the
user to enter in their own Critical Mobility Parameter to account for this, if so
desired.
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This utility within HEC-RAS can solve for the capacity of a given channel (or
reach) to transport material. Since we don't know what is coming into the
reach, we cannot compute long term scour or deposition using this tool.
However, this is a great tool for developing sediment rating curves, or for
predicting responses to sediment transport capability based on geometric
changes to the cross section(s).

25
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~ PIotAL I
Sediment Reoch I

Temperol'U ~ BedSt.Lelt~

Spec{" Gr.~~ Bed St. Rigt't~
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~ Plot LOB... I PIotAJ...

IYPe Qpllons \'lew ~

New HyQ-.Uic Deslcjn Dot.
Open Hydraulic Deslgl oat.
Sove HyQ-auIIc Deslgl oat.
Sove Hychulic Deslgl Dot. As.,.

Renome HyQ-oulc Deslcjn Tl:le

Delete HyQ-ouIic Design Dot.

Copy 5ecImert Re.ch
Rename sediment Reoch
Delete sediment Reach

.., 81S· e

" E~-Honsen
" L....sen lCopelondJ
"MPM
" Tolfoleti
" .

A sediment reach

should have similar
geometric and sediment
properties.

Cannot span multiple
Rivers

Multiple sediment reaches are
allowed.

First Create a New
Sediment Reach.

Then Define the New
Sediment Reach~dselect
the W/S profiles (from a
steady flow run) that you
wish to use.
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HEC-RAS allows the user to combine river stations into Sediment Reaches.
A Sediment Reach should have similar geometric, discharge, and sediment
characteristics. A reach cannot span multiple rivers, but multiple reaches
can be created in one HEC-RAS reach. A Sediment reach can be as small
as one cross section.

I
I
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Enter Temperature,
Specific Gravity and
Concentration of Fines.

Select the Transport
Function to use (one or
more)

Enter Sediment
Gradation for the Left and
Right Overbanks and the
Main Channel.

Define the Bed Stations
(shown in yellow).

The Bed Stations split the cross section into 3 transport sub-sections similar
to how HEC-RAS splits up a cross section into 3 hydraulic sub sections. A
left overbank, right overbank, and main channel transport sub-section is
defined. Commonly these will line up with the bank stations, but not always.
A significant change in bed gradation is a good indicator of where the bed
station should be located within a cross section.

27
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Function.
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Fall velocity is used to determine if there is enough boundary layer
turbulence to overcome a particles weight and project it into suspension.
Many of the transport equations compute fall velocity, but there are a few
different ways to do it in HEC-RAS. By selecting the "Default" option, HEC
RAS will automatically use the method that was used for each transport
functions' development, respectively. A detailed description of each method
is provided in the HEC-RAS Hydraulic Reference Manual.
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29

Because natural streams have irregular shaped cross sections, a standard
for defining "width" and "depth" must be applied. As with Fall Velocity,
selecting the default option tells HEC-RAS to use whatever method was
used in the development of each respective transport function. The Effective
Width and Effective Depth (as used in HEC-6) are presented on the slide.
Hydraulic Depth is simply the cross section area divided by the Top Width.
The Hydraulic Radius is the cross section area divided by the wetted
perimeter.

29
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Hiding Factor

Only for Ackers-White

Good when large range of
sediment sizes is used.
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Compute for Small Grains

Only grain sizes that fall

within the applicability
range of a given
Transport Function

Computing outside the
applicability range can
grossly overestimate the
transport capacity

When using Ackers-White, a hiding factor can be applied. The hiding factor
is an adjustment to include the effects of a masking of the fluid properties felt
by smaller particles due to shielding by larger particles. When the bed
gradation has a large range of sizes, the hiding factor can be useful in
obtaining a more accurate result.

Some of the transport functions will over-estimate the transport capacity
(sometimes quite significantly) if particle sizes outside the applicability range
of that transport function are used. The user can select to ignore those
sizes.
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'" MPM
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vNIIP

10 Compute for this Sedime
r Compute for all Sediment

Yang (field. sand~
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0.04 < 0 <50 n 0.00004
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J that unil slream power is the damnanl factor in the
• determinalion of lotal sedime~ concenlration. The_

reseafch is sUPPOfled by dala obtained in both
flume e><perimenls and field data under a wide
range conditions found in alluvial channels.
Principally, the sedimenl size range is between
0.062 and 7.0 mm with total sediment concentration
ranging from 10 ppm to 585.000 ppm. Yang (1984)
expanded the applicabilKy of his function to include
gravel-sized sedime~s.

Description Box

Indicates the range of parameters
over which the selected Transport
Function was developed

Provides a brief description of its
development and applicability.

Use the Description Box to verify
the applicability of the selected
Transport Function to your
sediment reach.
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The user can define the number of output variables (Output Level) and the
increment at which they are written (Number of Increments... ). Choosing 1 will give
the least amount of output while 6 will give the most.
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Output files can grow extremely large if a detailed output level is selected and
variables are written frequently. There is no way to turn off the output or request it
only at certain times (Feb 2008). The output file size can be reduced by specifying
a less detailed output level or increasing the Number of Increments Between
Outputs (this will also reduce run times).

4



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

5



SPI=(V dt)/dx. Because the continuity equation is being solved for a control volume
(no advection-diffusion), the time step dt should be chosen to approximate the time
it takes for a particle to move through a control volume. This is analogous to
maintaining the Courant conditions for hydraulic calculations.
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Minimum Bed Change Before Updating Cross Section - In order to decrease run
times HEC-RAS does not update the cross sections at every computational
increment. Instead, erosion or deposition is tracked until the minimum bed change is
achieved. When the threshold is exceeded the bathymetry is recomputed. The
tolerance can be increased to lower run times or decreased to make the model
more sensitive to bed change.

Minimum Cross Section Change Before Recomputation of Hydraulics- In order to
conserve computational resources, hydraulic parameters are not automatically
computed after each computational increment unless one of the cross sections has
undergone appreciable change.
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When HEC-RAS transfers depositional or erosional volumes into bed elevation
it generates computational and remainder errors. Rather than significantly
increasing run times by iterating to achieve a bed geometlY that reflects the
volume to a velY small tolerance, HEC-RAS checks for errors and carries
remainders over into the next time step. This option is selected by default
and is recommended unless results are being compared with HEC-6 which
does not use this optil1ln.

Example: At the end of a computation interval, the cross section in question has
1000 cu ft of material to be deposited which corresponds to a bed change of 0.017
ft. Because this is less than the tolerance of 0.02 ft, the cross section is not
adjusted. During the next computation interval the cross section has 1300 cu. ft.
more material to be deposited for a total of 2300 and a computed bed change of
0.04 ft. The cross section is adjusted and the difference in water volume is
determined to be 2280 cu. Ft. (2300-2280 gives 20 cu ft of carryover). During the
next computational interval, 1200 cu ft is deposited plus the 20 cu ft of carryover for
a total of 1220 resulting in a bed change of 0.025 ft.
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The average method is generally better, especially for mild sloped systems.
However, where there are abrupt changes in energy (see profile above) the average
energy results can be too high at multiple cross sections and resulting in high shear
stress and large sediment transport potential. In the above example, the
instantaneous method would give high shear at a single cross section but may
result in more realistic sediment transport calculations.
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Example - Lower Mud River Study
Stable Channel Design in RAS

Break
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, 2011
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Time to Complete: I hour

The data files usedfor this workshop were developedfor pedagogic purposes. The model and
results ofthis workshop do not represent current orfitture conditions/or any particular river.

Copyright © 2008 by WEST Consultants, Inc.

WORKSHOP SOLUTION

HEC..RAS SEDIMENT WORKSHOP No. 1..4
THE FLUME WORKSHOP PROBLEM

To prepare and execute a basic sediment transp0l1 model and view the results.

WEST

Intro ] Introduction
The HEC-RAS file, flume.plj, is a data set that models a simple flume. Below
is a sketch of what the physical model of this flume would look like from a side
view. Notice the six vertical lines numbered 0 through 5. These are cross
sections and channel station numbers of the flume. The flume has a single inflow
at the upstream end (cross section 5) and a single outflow at the downstream end
(cross section 0). In this example, a sand mixture has been placed in the bed of
this flume. The sketch shows clean water coming from the head bay. This flume
will have a single gate across its entire width to insure that the inflowing water is

Objective:

I
I
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Steps to Enter Sediment Data and Run Sediment Transport Simulation

Step 1 ] Entering Sediment Data

5. Select the "Sample#l" gradation at each cross
section.

Workshop No. 1-4 Flume Solution

On the Initial Conditions and Transport Parameters 1Tab, enter the following in the table:

Rev 3/11/08

Class diam (mm) % Finer

Clay 0.004
VFM 0.008
FM 0.016
MM 0.032
CM 0.0625
VFS 0.125 13

FS 0.25 15

MS 0.5 16

CS 1 19
VCS 2 24

VFG 4 25

FG 8 27

MG 16 28

CG 32 31

VCG 64 36

SC 128 100

LC 256
SB 512
MB 1024

LB 2048

20f5

distributed unifom11y from one wall to the other. The tailwater elevation will be
at nonnal depth. Since there is no bed material in the inflowing water, one
expects erosion to take place as water flows down this flume.

b. Min Elev field left blank

a. Create a new gradation by clicking the J2J
button, and name the gradation "Sample#l."

b. Enter the following gradation, then click OK:

a. Max Depth = 10 (all cross sections)

Define/Edit Bed

Now click the __G_ra_d_at_io_n_... ----' button to define the gradation.

c. Click the "Use Banks for Extents" button at bottom of page to populate left and
right movable bed limits (Note: if the button is not visable, try changing the
window size).

~
Click the Sediment Boundary Condition Data button ~.

Open the HEC-RAS file: flume. prj

4.

3.

2.

1.
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Step 2 ] Entering Quasi-unsteady Flow Data

To save the Sediment Data entered in the steps above, select "Save Sediment Data
As ... " from the File menu and name the Sediment Data
ICompleted Sedimen~

Click the IBoundary Conditions I tab click in the white box next to cross section 500 then, ,
Rating CUNe Iclick the --' button, and without entering any data click OK.

I
I
I
I
I
I
I

6.

7.

8.

Define the sediment transp0l1 function as IYang iJ

I 1. From the Main HEC-RAS window, click the Quasi-unsteady flow data~ button.

I
I

2.

3.

Click in the white box next to cross section 0, then click the N_o_rm_a_1D_e...,:.p_th _

button and enter a friction slope of 0.001.

Now click in the white box next to cross section 500, then click the
Ir····················_···"FTow··s·eries····························11 b d h ~ II . d

~_................................. _ _.._ _ ; ox an enter t e 10 owmg ata:

Step 3 ] Perform the Simulation

5. To save the Quasi-unsteady Data, select "Save Quasi-Unsteady Flow File ... " from

the File menu and name the file lau2000dsl

At the bottom of the dialog box, click the __S_e_t_T_em....:.p_8_ra_t_ur_8_···_1 box and enter the

following data then "OK.":

Duration I~emp
l__(,--h_ou_rs...!...)_---'I (F)

24 45

2000
(ds)
Flow

(hours)
Increment

Computation

6

Flow

(hours)
Duration

4.

I
I
I
I
I
I
I 1. To !Un the simulation, click the PerfonTI Sediment Transport Simulation~ button

from the main HEC-RAS window.

I
I
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0.15 feet

0.05 feet

0.1492 feet

5. Which cross section degraded the most and to what depth?

Rev 3/1110840f5

0.05 feet

COMPUTE IClick ----.J to run the

simulation

6. How much scour occurs at cross section 400 after the third hour? (hint: turn on
profile 4 and the "Invet1 Change" variable)

depth of 0.13 feet at cross section 500

4. How much degradation occurs at cross section 200 for profile 7? (hint: change

Variables ... I from "Ch Invert EI" to "Invert Change")

1. From the main HEC-RAS window, select "Sediment Spatial Plot. .. " from the View

menu and select the Profile Plot I tab.

2. The default variable plotted is "Ch Invet1 El" (channel invert elevation). Click the

Profiles.. Ibutton to select profile number 7. By clicking on the line, enter the final
thalweg elevation at cross section 200 for profile 7:

3. Now click on the Table I tab and provide the final thalweg elevation at cross section
200, profile 7, to four significant digits Gust because we can):

4.

3. To save the Sediment TranSpOt1 Analysis plan data, select "Save Plan As ... " from the

File menu and name the file IFlume with 2000ds w sediment and name

the Sh0l1 ID as Iflume w sedl

2. Enter the following in the simulation time window:
Simulation Time Window _--=_,_-
Starting Date: 101 MAR200B Starting Time: 12400

Ending Date: 102MAR200B Ending Time: 1-05-59---

Step 4 Evaluate the Output

Workshop No. 1-4 Flume Solution
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I
I
I
I
I
I
I

7.

8.

9.

From the main HEC-RAS window, select "Sediment Time Series Plot..." from the
View menu.

Based on the results of this simulation, what shear stress (rounded up to the nearest
0.01 Ibs/ft2

) would you select for designing erosion countermeasures? (hint: change

Variables ···1 to shear stress and view the cha11 and/or table for each cross section;

watch out for boundary condition effects)

approximately 0.18 Ibs/ft2

Which cross section has its minimum velocity occur at hour 1, and what is that

velocity? (hint: change Variables ... 1 to velocity and view the ChaI1 and/or table for

each cross section)

Cross section 0

3.63 fps

I
I
I
I
I
I
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I
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End of Workshop
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