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General

Why are we concerned with sediment?
Fish, wildlife, plant habitat
Water quality

Removal of channel\reservoir capacity -
increased flooding

Loss of valuable lands adjacent to channel
Undermining of channel crossings/structures

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.




Sediment Transport
Processes

The principle external dynamic agents of
sedimentation are:

1. water,

2. wind, "
3. gravity, r
4. ice, and e 2

5. man.

Each of these sources of energy may i

be important locally or globally (on a e ,,'..m-u&‘g'
larger scale). e b R e

| .

Natural processes have been active throughout geological time and have shaped
the present landscape of our world.



Sediment Transport
Processes

Definitions

Erosion may be defined as the detachment and
removal of rocks or soil particles by the action of
wind or water.

Fluvial sediment is a collective term meaning an
accumulation of rock and mineral particles
transported or deposited by flowing water.

Aeolian sediment is that moved or deposited by the
wind.




Sediment Transport
Processes

Definitions

®m Fluvial — Fluvius = River
m Geo - of or relating to earth, ground or soll

® Morphology — Study of form and structure

m Geomorphology - the study of landforms, the
processes that created them, and the history of their
development.

m Fluvial geomorphology - the examination of the
processes that operate in river systems and the
landforms which they create or have created.




Sediment Transport ;>
Processes
TR ]

Important hydrospheric forces include:
1. Rainfall

2. Surface Runoff | __aae
3. Streamflow R S
4. Wind Forces ‘




Sediment Transport
Processes

» Detachment €
—

» Entrainment —— @,

» Transportation— -‘

» Depositon ___gpl¥

—

» Compaction ’\.-(\

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.



—

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.




Time Scales for
Sediment Processes

mGeologic Time (104-107 years)
m Basins filling, plains degrading, swamps
forming, etc.
m Causes: Weather, mountain building, sea level

changes, etc.

s

10



Time Scales for
Sediment Processes

mProject Time (100 years or less)

m River meanders, channel erodes, shoaling, etc.

m Causes: Transport capacity, sediment supply,
human works

m Reservoir Sedimentation
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Time Scales for
Sediment Processes

mMajor Flood

m Changes floodplain geometry, scours
structures, debris/sediment deposits

m Causes: Flood magnitude, specific location,

specific regulation works
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Time Scales for
Sediment Processes

minstantaneous
m Sediment load, erosive power

m Causes: Stream geometry, flow velocity,
sediment gradation, armoring




Erosion

Localized erosion can create serious problems and damage to
banks, farm lands, reduction of agricultural lands. Some types of
erosion:

m Geologic -- natural
m Accelerated -- Man's Activities
m Agriculture
Animal Grazing
Urbanization
Road and Highway Construction
Mining Operations
Altering Runoff Conditions
River Control
Water Quality
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Transport

reErnEaRsS
m Sediment transport affects water quality:

(1) Reduction of light penetration
Beer-Lambert Law (absorption of light)
Therefore reduction of algae
(2)  Nutrient source
(3) Affects Benthos
(4) Adsorption of metal, sand, pesticides
Source or sink for these constituents

(5) May affect water temperature by absorbing
radiation

(6) Appropriate particle sizes for fish spawning
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Deposition

m Deposited sediment may produce new lands or
enhance existing lands, e.g., Nile or delta regions
(the Sacramento Valley is several hundred feet deep
in rich alluvial deposits); it may also cause serious
and expensive problems.

Examples:

(1) Deposits after flood events

(2) Shoaling

(3) Dredging - commercial transport
(4) Behind dams

(5) Reduces river depth

Deposition is the counterpart to erosion. Deposited sediment may cause damages
depending on the amount, timing, character and placement.
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Flow in Alluvial Channels
e

Stream Regime:
Upper: Hilly, Steep, Boulders and Gravel in Bed
Lower: Alluvial Plain, Sand-Silt-Clay in Bed

Alluvial streams evolve towards equilibrium (Lane)

Q,eD;,cQeS
where

Q, = Bed material load D;, = Average sediment size
Q = Discharge S = Energy slope

On an annual basis, D, and Q are approximately constant, so
QoS

This varies along a stream -- have to account for sources and
sinks
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Flow in Alluvial Channels

Lane’s Balance

stream slope

Figure from Rosgen (1996) - ASCE
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Alluvial Channel?

Saltos de Pétrohue, Chile

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

18




Alluvial River Regimes <=

T e
B Degrading: Seeking Dynamic Equilibrium

Sediment load in is less than transport capacity out causing
deep rivers (Mountain Rivers, Urbanizing Streams).

m Aggrading: Seeking Dynamic Equilibrium
Sediment load in is greater than transport capacity out, causing
wide, shallow (braided) streams (High Plains Rivers).

® Meandering: Fairly Stable Stream (Dynamic
Equilibrium)

Sediment load in is approximately equal to transport capacity
out, causing bank erosion and deposition (Mississippi River).

Q0D cQeS
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Alluvial River Regimes

i
e
-

Degrading =TRSO

Aggrading
Meandering

Idealized Diagram
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Degradation

The Colorado
River has cut
downward
more than
1,000 feet
since the
Plateau began
to rise more
than 1 million
years ago
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Meandering

Helical flow causes
erosion at outside
of bend, deposition
on inside
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Aggradation

Braided streams
have a much
greater load of
sediment than they
can carry. Alluvial
fans and deltas
exhibit similar
behavior.

24



- EBStFOrK River; Denali
+National Park; Alaska

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.




General Effects

m Developing Water Surface Profiles

m Usual Rigid Boundary Assumption

m Often Bed Changes During the Year or During an Event

Falling Limb

Rising Limb
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General Effects

B Channelization
® Shorten, Deepen, Widen Channel Q,eD;ycQeS

m Stream will Seek Equilibrium
m Tributary Effects A
m Can Cause:

Upstream

Downstream
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General Effects

B Reservoirs Pre-Dam Post-Dam

m Can cause
In Pool
Downstream (How Far?)
Transport (Increased, Decreased, Both)

m Tributary Effects QoD ,xQeS
s 50
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General Effects

m Reservoir - Channel Adjustments

Original Equilibrium Grade
Degradation @ Dam

Base Level
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General Effects

B Levees

m Can Cause

Upstream
In Leveed Reach Q. oD, cQeS

Downstream

B Bypass — controlled cutoff
m Diverting flow that would have gone into overbank storage
m Difficult to predict scour-deposition
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General Effects

W Tributaries

Qriginel
Equilibrium
Grode

Eove Leval

Change in channel slope in response to an increase
in sediment at point C
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General Effects

B Tributaries

“"Odcul
S Drop in Bose Level

Tridutory R s
RO
Main Chennel!

Lowering of main channel base level

Local Effects Upstream Effects Downstream
Effects

Headcutting Increased velocity | Increased transport
Increased transport | Aggradation

Local Scour Unstable Channel |[Increased Flood
Stage

Bank Instability Planform Change? | Planform Change?
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Things to Remember

m A River is part of a System
m System is:
= Dynamic
= Complex
= Thresholds Exist
=« Geomorphology Provides Historical Perspective
= Size / Power of Stream is Important
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;e

A River is Part of System

s e
m The entire watershed forms a system
Rainfall => Runoff (Land Use)
Runoff Transports Sediment (Land Use/Cover)
Slope / Meanders Impact Transport
Sediment Size Impacts Transport and Erosion/Deposition
Manmade Features Impact Everything

Nature has its own plans and goals!!!
« It's not always what we expect!
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Sediment Transport

IT’'S NOT THAT SIMPLE

Every river/stream reach has
erosion, transport and deposition
occurring at the same time!
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Channel Stability

m Absolute Stability — Doesn’t Change in Engineering
Time Scale
m Think Concrete / Bed Rock / Etc.

® Dynamic Stability — Changes but Relationships are
Constant in Engineering Time Scale

® Unstable — Major Changes in Width, Depth, Flow,
Sediment Transport, Sinuosity, Planform or all of
These are Occurring over a Period of Days, Months or
Years

36
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Little Cottonwood Creek, Salt Lake City, UT
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Absolutely Stable

Who says concrete channels aren’t green?
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Unstable

43




Unstable
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Unstable?

¥ ’ ’ .

skl b
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Stability

m Rivers want to be Dynamically Stable
m Not Necessarily Constant / The Same
= Bank Location
= Meander Locations
=« Sand / Gravel Bars
= Anything having to do with location of features

® Remember Locations Move under Dynamic Stability!
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Stability

m Some Streams are more Stable
m Clay Bed & Banks
® Rock Outcrops or Banks
= Mountain Streams / Torrents
= Steep Sediment Starved Systems
m Concrete / Designed Channels
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Stability

B |Less Stable Systems
m Silt Bed & Banks
m Sand or Gravel Banks
m Any Non-cohesive / Uncemented Banks

m Braided Systems
= High Sediment Loads Fill Flow Areas
= Channels Constantly Moving

m Channels without Bedrock Controls

48



Stability Depends on
Perspective

m How fast does an unstable river move?

m How long does change take to be classed stable?

m [f a river moves at 10’ per year it's probably stable
until it gets to 50’ of your house!

49




Stream Stabilization in Mobile -

Rivers

m Hard Points
m Protect Permanently (Engineering Time)
m Concrete
® Riprap

m Soft Points

m Protect for a While then Fail (Melt Away)
m Bio-Engineering

50



Stream Stabilization in Mobile maa
Rivers

® What is your Purpose
m Restoring River (allows adjustment)
m Fixing One Bank in Place
m Fixing River Reach in Place
= Does it Matter if Concrete or Bio-engineering?
= Fixed in Place = Fixed in Place!

m Be Careful Who You Criticize!
= Biologists & Single Purpose Refuges
= Engineers & Single Purpose Projects
= Stream Restoration & Fixed Designs

51




HEC-RAS Sediment
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TRANSPORT COMPUTATIONS
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Topics e

Sediment in HEC-RAS background/status

Sediment in HEC-RAS approach
= Continuity

m Transport Potential

m Transport Capacity

Limitations of Approach




Topics (cont’d)

w Constraints on Erosion & Deposition
m Fall Velocity vs. Effective Depth
m Sorting and Armoring
Bed Movement
m Special Problems
Comparisons with HEC-6

Model Capabilities and Limitations




Sediment Background 26,

m HEC-6 was the COE sediment transport model
® DOS based like HEC-2
= HEC-6T is proprietary “improved” version, still DOS

m HEC goal is to be able to replicate and then improve
HEC-6 capabilities in HEC-RAS

m Sediment planned from early on in RAS, “grayed out”

m Still one-dimensional with associated limitations,
discussed later in this lecture




Sediment Status Jan 2010* 2.

m HEC-6 type sediment routing
m Only cross section and bridge nodes are movable
m Inline structures and culverts are “pass-through”

® Can make other sections pass-through
= Not movable

® No mixed flow yet
= [n future plans

m Only dendritic systems
= No loops or reverse flow

* Release of Version 4.1.0




Sediment Modeling Approach

m HEC-RAS is a fully coupled explicit model

m 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
m Differs from uncoupled models (e.g., SED2D-WES)

® Hydraulics computed for all time steps
m 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




Summary of Solution
Technique

. Calculate water surface profile using standard step
backwater procedure

. Calculate sediment transport potential at each cross
section

. Calculate volume of material scoured or deposited
between cross sections by solving sediment
continuity equation

. Calculate associated change in bed surface and
modify cross section geometry

Read inflowing water discharge, sediment load by
particle size, temperature, boundary conditions for
next event

Repeat 1-5




Sediment Continuity

m Sediment Control Volume: Inflow - Outflow =

Change in storage over time step

XS 2 XS 3
XS 1
_——/_f

+ et Q, Qqin

CvV@ P
XS 2 -

gtream Bed
jL b e

Bed Reservoir

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.




Sediment Transport Potential L.~

m 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)

m Wilcock (2001)

m Potential transport NOT actual amount




HEC-6T Functions (3/10)

m Toffaleti Method (1969)

User Specified Transport Function

Madden's (1963) modification of Laursen’s (1958)
Yang's stream power: Sand (1973); Gravel (1984)
Duboy's (Brown, 1950)

Einstein (1950)

Ackers-White (1973)

Colby (1964)

Toffaleti and Schoklitsch combination
Meyer-Peter and Muller Gravel Transport (1948)
Schoklitsch Gravel Transport

Toffaleti (1969) - Meyer-Peter and Muller (1948)

Bold indicates functions that were in HEC-6.
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HEC-6T Functions (cont'd) -2

Madden's (1985) modification of Laursen's (1958)
Laursen-Copeland

Engelund-Hansen

Parker Gravel Transport (1990)

Proffitt and Sutherland

Brownlie (With Transport Normalized at D50 Value)
Brownlie (With Transport Calculated for each Grain
Size)

Yang-High Concentration Formula, 1996

Wilcox Gravel Function

Danube River Function, BAW
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Sediment Transport Capacity -2

m Potential = mass transported through control volume
for a single grain class

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

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

m 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 t/day X
15% = 15 t/day




Label | Min | Max | Mean
Clay 0002 7004 0003
VEM 8004 0008 0,006/
Y 0008 0018 o011
M 0016 0032 0023,

0032 00625 0045
00625 0125 0.088)
0125 028 0177)
02 0s 0354
[ 0.707)

LKL
283
566
13

226
453
905)
pLi
362

* - Up to 20 user-defined size classes
may be used

Detautts

— - Note that bed gradation screen
shows MAX size in range

- Mean is the geometric mean = sqrt
(upper bound*lower bound)

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.



Sediment Transport Capacity -2

T. =Total Transport Capacity
n = number of grain size classes

B, = percent of grain size class “i" in the
active layer

T, = Transport potential for grain size class “i"

= Transport potential is computed for each size class (as if had
uniform sediment)

= The potential for that size class is then multiplied by the
percentage of that class in the active layer

» The sum of potentials for each class makes the total transport
capacity




Potential/Capacity Example 2

Transport Potential Transport Capacity
Silt=1,000 T/d Silt=100 T/d

Sand = 100 T/d Sand =80 T/d
Gravel =10 T/d Gravel=1T/d
Total = 181 T/d

Active Layer Silt = 10%
| Sand = 80%

| Gravel = 10% :‘
Inactive Layer




Continuity Example (CV)

Inflowing Load Transport Capacity
Silt = 300 T/d Silt =100 T/d

Sand =50 T/d Sand =80 T/d
Gravel =1 T/d Gravel=1T/d

Surplus or Deficit
Silt = 300-100 = 200 T/d » Deposition

Sand = 50-80 =-30 T/d » Erosion
Gravel=1-1=0T/d » No change
e Total surplus is 200-30+0 = 170 T/d

Note that can erode and deposit different size classes in the same time step.




1.

Limitations of the Capacity
Approach

If material does not exist in the bed, it has zero
transport capacity

Sediment can travel through each control volume in
a single time step

If a size fraction does not move, it detracts from the

overall capacity in the control volume
XSs2 XS 3

e ™
e
et

XS 1

L — Q, Qgin

— e ’-

XS 2

Stream Bed

B Bed Reservoir
"Hard" Botiom

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.

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.

If the transport potential of sand is 100 T/d over a 100% sand bed, the capacity
will also be 100 T/day. If the same transport potential of 100 T/d of sand is
applied to an active bed layer composed of 50% sand and 50% gravel, the sand
capacity will only be 50 T/day, even though the gravel may not be moving. If the
inflowing sediment load is 100 T/d of sand, in the first case there will be no bed
change, while in the second case 50 i/d of sand will deposit.



Limitations of the Capacity
Approach

4. Increases in the percentage of one size fraction will

reduce the capacity of other size fractions.

Example:

A pulse of sand from upstream arrives at a control volume with
a sand-gravel bed. As the sand deposits, it captures a
larger percentage of the capacity at the expense of the
gravel capacity. As a result, gravel capacity drops in the
presence of sand. This is directly opposed to observations
(Curran and Wilcock, 2005, JHE Vol. 131, No. 11).

|
; Sand
a1

Gravel




Limitations of the Capacity os
Approach '
R T

5. Erosion and Deposition of a size class cannot occur
at the same time in a control volume

One-dimensional modeling limitations (spatial)
“Representative” control volume (spatial)

Time step selection (temporal)

“Dumping” of entire inflowing load at a cross section
(spatial/temporal)
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Constraints (Limiters)

® Three limiters are used to modify the amount of
material eroded or deposited during a time step:

= Temporal Deposition (Physically takes time to deposit)
= Temporal Erosion (Physically takes time to entrain)
® Bed Armoring (Supply Reduction)

m HEC-RAS follows the HEC-6 routines in applying
limiters




Temporal Deposition
Constraint

m Physically, it takes time for material to settle out of
suspension

m Deposition is based on settling velocity, w
m Deposition Efficiency Coefficient

® Need w and D,

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?



- Ny s

Sediment Fall Velocity

m Four Methods available in HEC-RAS (you choose):
= Rubey
= van Rijn
m Toffaleti
m Report 12 (Default)

m If transport method uses fall velocity, same method
used both places

m Determination of suspended sediment relies heavily
on fall velocity




Fall Velocity (Rubey, 1933)

m Works well for silts through gravel

m Based on Stoke'’s Law

m Best for crushed quartz grains, $=2.65

m Can under predict for cubic or more uniform particles




Fall Velocity (Toffaleti, 1968)

m Table of fall velocities by grain size and temperature
developed with shape factor of 0.9 and $=2.65

m RAS interpolates values from the chart

m Natural sands have shape factor of about 0.7, SF
more important for medium sands and larger




o

Fall Velocity (van Rijn, 1993)

m Approximates US Inter-Agency Committee on Water
Resources (IACWR) curves for fall velocity

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

m Separates zones by grain size

= 0.001 <d <0.1 mm » Stoke’s Law w = (S-1)gd/(18v)
® 0.1 <d<1mm P curve fit
= d 2 1 mm » Reynolds independent  w = 1.1[(S-1)gd]°®

m Removal of RE allows non-iterative solution




Fall Velocity (Report 12,
1957) .

m Allows variation in shape factor and iterates on
Reynolds Number until converges on a solution

m Steps
Compute w using Rubey Equation
Solve for RE

[
= Compute drag coefficient (Cd)
® Back calculate w
m Compare with last iteration, stop if acceptable
m Polynomial fitted to each of three zones
m Only allowed to switch zones once based on
recomputed w




Computing Effective Depth 2.

Uses Toffaleti’s model of sediment concentration
y/r is the ratio of effective depth (D, ) to water depth r

Silts and very fine sands use entire water depth r as
effective depth

Fine sand uses . il Pty
et an V()" i
ri2.5as D, [m.

CmCu 2222360 | gun22960
Larger sizes

use r/11 24 as / Wisgie rone ! CymCa BT~ 22360) | sy 12236M)
U ¢
De

\\c'-cu(»:‘—"—"' £t @2364)

(2.236d) a0d {2.236))

Lowes Jone
2 | 2 i
Velcoty, U Bec zone Concenntion, €,  ~(2.236n) £,,,(2.236m)
FIG. 2.108.—Toftalettl's (1869) Velocity, and D
Relations




Temporal Constraints

m Erosion does not occur instantaneously
m However, physical theory for limiting erosion process
is not well established
m In HEC-RAS erosion is based on a “characteristic
flow length”
m Erosion = (Gs — Qs) x Ce
m Gs = transport capacity
® Qs = current load in flow field
m Ce = entrainment coefficient

L

Ce = 1.368—e_(55J




Temporal Constraints

m Exp (-1) =0.368; as L
approaches 30D the
coefficient approaches 1 and
there is no limiter

m 0.368<Ce<1
m For very short reaches (small

L) only about one-third of the
deficit will be allowed

L

Ce=1.368— e_(—:‘_d5




Sorting and Armoring

Limitation of sediment availability through large
particles armoring smaller ones

1. Exner 5 (three-layer) Approach
i

~ Active Layer

|

Bedrock Layer

3 Methods in HEC-6, Exner 5 + simplified active layer currently in RAS

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.




Armoring

AR =-0,02611C? + 0.2847C2 + 1.070C + 1.397

AR = Armoring Ratio
C = Cover, computed for each size class before solving continuity
equation during each exchange increment

O Empirical, based on Missouri River experiments of Harrison
and other sources (Thomas). Limits supply due to armor layer
development

O Armor layer is destroyed once the cover layer thickness
drops below 1D90 (at which point bed is then fully mixed)

O Copeland suggested that the EXNERS method can be too
resistant to armor layer destruction, which led to the EXNER7
method in HEC-6T (not yet in RAS)

31



Sorting and Armoring

Limitation of sediment availability through large
particles armoring smaller ones

2. Simplified two-layer Approach

-Designed for gravel
Active Layer transport with the
active layer thickness
set equal to D90 at
Inactive Layer the beginning of each
mixing time step

-Mixing time step
is a subdivision
of computational
time step

Bedrock Layer

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.

™
/




Bed Movement

Lett Mar Fight
Ovarbant -r» Charnel -1- Overbans -|
¥

* Movable Sed Limits o |

Movable Sed Limits -{

Ink ﬁL Channel + Ovarbank -I
1 §

Elevation

Onginal e 7 Removed due
Bed Surface— to Erosion
Bed Surface —~
otter Erosion

| 4
~~— Model Bottom

>

distance  Ergsion

RAS computes bed changes
and modifies each cross
section before each time
step

Uniform bed change within
entire wetted perimeter
within movable bed limits
New hydraulics computed
with modified Xsec before
recomputing sediment

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.



Bed Movement

Case |: Water surface is below movable bed limits — only wetted nodes can move




Bed Movement

Duplicate
movable bed
limits

Case |I: 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.



Bed Movement

Duplicate
movable bed
limits

i o T S —
& Bed Change Options
No Bed Change Allowed Qutside of the Movable Bed Limds
® Wiow Depostion Outside of the Moveble Bed Limes

oK | concet |

Case llI: 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.




Bed Movement

-~

l Ineffective IjV

Case |V: 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.



Bed Movement

Deposits above water

| Erosion of o
| dry area

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.




Comparison with HEC-6
m MPM Flume test reproduced with very good
agreement
m Depostional trapezoidal channel using Yang with
single grain size
m Difference in transport potential due to hydraulics ~0.5%

® This difference resulted in ~6% difference in material
deposited

m Other settings could have affected results (fall velocity,
friction slope method)

m HEC considers RAS hydraulics improved over 6,
therefore sediment responses also improved




Model Capabilities

_~-~

1-D hydraulics
Movable Boundary
Steady State Gradually Varied Open Channel Flow

Continuous sequence of flows segmented into a
series of steady state flow events

Standard Step Backwater using RAS routines

®m Volumetric accounting of sediment sizes in each
reach between cross sections

Scour/deposition computed for each reach and cross
section geometry adjusted after each flow event

Sediment calculations done by grain size fraction
Allows for hydraulic sorting and armoring




Model Limitations

1-D hydraulics, 1-D sediment (e.g., no bend scour)
Only vertical bed changes

No channel widening or lateral migration

Single gradation for entire cross section (no variation)

Transport equation limitations
® Based on average hydraulics for simple channel shapes
m Only subcritical flows, steady state, equilibrium conditions
® Uncertainties in assumptions on transport rates,
including armoring, hydraulic sorting, entrainment

= NEED CAREFUL APPLICATION BY PROFESSIONAL
FAMILIAR WITH BOTH HYDRAULICS AND
SEDIMENTATION
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File Edit Run View Options Help

1 7 o 2 2 ) [ = Eﬂ

Project [Flume [C\projects\Sed RAS class\Flume Example\flume.prj E
Plan: [Flume with 2000cfs [C\projects\Sed RAS class\Flume Example\flume.p01
Geometry: [mported geom [C\projects\Sed RAS class\Flume Example\fume.g01
Steady Flow: [2000cts [C\projects\Sed RAS dlass\Flume Exemple\flume {01
Unsteady Flow. F [
Description: | B [Version 4.0 Beta2 [US Customary Units
3 RA odel of a ple s

+ O

o] SED
X(‘H’ i ), : Cit) £

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).




Sediment Data Input
Demonstration

Geornetric Data - Imported geom
File Edit View Tables Took GIS Tools Help

Jools| River |[Storagell SA hox
RN L o

(=] Protws exterts for Profle: ~ [(aone) -
00

prmmm——

ZReach-1
3

e 11]

; None of the XS's are Geo-Referenced (— Geo-Ref user entered XS == Geo-Ref interpolaled XS q— Non Geo-Ref user entered X5 Non Geo-Ref interpolated Xt

0.9622,C

The demo reach has six equally spaced cross sections.



Sediment Data Input

Demonstration

Profile Plot
File Options Help
Reaches .. | 4| Profies .. | ».[[e] [~ Plotinitial Conditions _Reload Data
Flume Plan: Flume with 2000cfs  1/18/2008
RIVER-1 Reach-1

g b <IeE] 4| rdondDas
é Reach. [Reach1 ~| Riversta. [300 ~I[ 1

Plan: Flume with 2000cfs ~ 1/18/2008
This is a REPEATED section.
025
z Legend

m m

EGPF1
WS PF 1
CrtPF1 |
— ‘

Ground ‘

Main Channel Distance (ft)

Elevation (ft)

®
Bank Sta

Station (f) _J

The cross sections are placed on a constant slope of 0.1 percent.




Basic Sediment Data Entry
Categories

B Movable bed limits

®m Bed gradation data

m Selection of Sediment Transport Function
®m Inflowing Sediment Load

To run sediment transport simulation, we also need:
B Quasi-Unsteady Hydrograph

® Time Window for Sediment Transport Analysis

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.



File Edit Run View Options Help

3 ) [ o 2 1 2 [ e B S 5 P

Click here to access sediment data.

Project: |Flume EAprocey
Plan: [Flume fith 2000cfs Cprojecey
Geometry: ||mp7ﬁed geom |C:\projectsh
Steady Flow: |21yﬂcfs Chprojecsy
Unsteady Flow: E
Description: /|




Sediment Data Input

Demonstration

Sediment Data -
Fle Optons View Hep
Initl Conditions and Trensport Perameters | Boundery Conditions |

River. |RIVER-1 ~| Transport Function: |Ackers-White My Profile Plot OmssSscﬁnnle] ‘
Reach: |Reach-1 v! Sorting Method: Exner§ +||L__Gradstion ... RIVER-1 - Reach-1 |
Fall Velocity Method: |Ruby - K3:0
River Reach RS _|[Invert| MaxDepth | Min Elev | StaLeft | Sta Right | Bed Gradation I q
1|RIVER-T__|Reachl |5l 05|
2|RVERT _ |Reach1 |4 04
3[RVER1__ |Reach! |3 0.3 8
4[RVER1 _ |Reach1 200 | 02|
S[RVER1 _ |Resch (100 | 01
6|RIVER1__ [Reach1 |0 0 g 3
s
£
B
Yooy
2
0 ,
-50 0 50 100 150 200 250
Station

11oa Ranbe fnr Fvionte L Intarnalata Rradatinne L< . 1«
This window is the primary focus of this demonstration (although we will be looking
at others as well).




Movable Bed Limits

_~_~

Sediment Data -
Flle Optons View Help
Initiel Conditions and Transport Parameters ] Boundary Conditions ]

RIVER-1 Transport Function: |Ackers-White = Profile Plot ~ Cross Section Plot
Reach: [Reach-1 _ﬁ SofingMethod  |Exner5 L RIVER-1 - Reach-1
Fall Velacity Method: |Ruby > RS:0
. o 10 A ‘ o
|
" L)
Ba
g ° Sed
3
k7
L
2
0
0 0 50 100 150 200 250
Station

llea Rans fnr Fuiante L Intamnlato Rradatinne L= . 1 ¢

Let’s start with movable bed limits and sediment reservoir depth.




Movable Bed Limits

Sediment Data -

Initial Conditions and Transport Perameters | Boundery Conditions | |

River. |RIVER- v | TransportFunction: |Ackers-White ) Define/Edit Bed Profile Plot ~ Cross Section Plot ‘
Reach: |Reach-1 v| SotingMethod.  |Exner§ ~|  Gredation .. RIVER-1 - Reach-1
RS:100

Fell Velacity Method: |Ruby R

River Reach | RS [inverll MaxDepth | Min Elev | Sta Left | Sta Right §Bed Gradation
1{RVER-1 Reach-1 500 05

Reach-1 400 0.

Reach-1 300 0.

200 0.

100 0.
0

15

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

0 50 100 150 200 250
Station

| BOPEI

In our demonstration we will assume a sediment reservoir depth of 10 feet.

Iloa Ranbe fnr Eviante L Infarmalata Cradatinne




Movable Bed Limits

_/Sediment Data -

Inifiel Conditions and Transport Perameters | Boundary Conditions |

River. |RIVER- ~] TransportFunction: [Ackers-White SR gt Profile Plot  Cross Secion Plot
Reach: |Reach-1 v | Sorting Method Exner§ v| __ Gredstion... RIVER-1 - Reach-1
RS: 100
Fall Velocity Method: [Ruby - "
River Reach | RS [inver] MaxDepth | Min Elev | Sta Left | Sta Fight J Bed Gradation
1[RVER _[Reschl _[500 | 0§ 10 01 2001
2|RVERT _ |Reachl  [400 | 0. 10 01 2001
3|AVERT _ |Reoch _[300 3 10 01 2001 g
4RVER1 _|Reoch1  [200 | 0. 10 01 2001
S|RVER1 _ |Reach _[100 | 0. 10 01 2001
6[AVER1 _ |Reachl [0 0 10 01 2001 .5
$
&
@

Two options for populating left and right movable bed stations:
- Click button below to use bank stations ‘
- Enter manually (or copy/paste) ‘

“Ts0 0 50 100 150 200 250
Station

NE B 0 B TR B BE e

1loa Ranle for Fviante LYl Intamnlata radatinne L2 . 1 1

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).

10




Movable Bed Options —_—

s S e e st ]
m Additional Movable Bed options from “Options” pull-down menu

B The default selection is “No Bed Change Allowed Outside of the
Movable Bed Limits”

m Unlike HEC-6T, deposition station limits are not available

r

w Bed Change Options E“E_:ig[‘

@ {No Bed Change Allowed Outside of the Movable Bed Limits}

" Allow Deposition Outside of the Movable Bed Limits

OK

11



Bed Gradation Data N

Sediment Data -

Initiel Conditions and Transport Parameters ] Boundary Conditions I

River |RIVER ~| TransportFunction. |Ackers-White Sl T B Profile Plot  Cross Secion Plot |
Reach: |Reach-1 v | Sorting Method. Exner§ ~|§_ Gredation... RIVER-1 - Reach-1
RS: 100
Fall Velacity Method: |Ruby - 1
i ighll| Bed Gradation

Elevation

-50 0 50 100 150 200 250
Station

T 1loa Ranbe for Fuiante L Intarmnlata Aradatinne Ls . 1 1 {

Next is bed gradation data. We start by clicking the “Define/Edit Bed Gradation...”
button.

12




Bed Gradation Data

= Bed Gradation

Bed Gradation Template: B vz] m_' _] -_j
[¢] iam (mm)|

0.004

0.008
0.016
0.032

00625/
0.125
0.25

|2]e]w|~[o]n]a]w]n]~

Click the new button to add a sediment bed gradation sample.

As directed in the big window, we click the new button to add a sediment bed
gradation sample.



Bed Gradation Data

¥ —— —
~ Bed Gradation

Bed GradstonTemplese: | ~] ml _I __]

Click the new button to add a sediment bed gradation sample.

|Sample#1

As directed in the big window, we click the new button to add a sediment bed
gradation sample and name it “Sample#1”.

14




Bed Gradation Data

= Bed Gradation : : |

Bed Gradation Template: |Sample#1 __—v__] EJ é_f_l -)(_J EJ

% Finer B _}

Gradation Curve

60

Grain Size (mm)

® % Finer " Grain Class Fractions/Weight

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).



Bed Gradation Data

Sediment Data -

File Optons View Help
Initial Conditions end Trensport Perameters | Boundery Conditions |

River. |RIVERA ~| TrensportFunction: [Ackers*White =] Oetne/eat Bed Profile Plot ~ Cross Section Plot | g
Reach |Reach-1 ~ | Sorting Method: Exner5 - Gradetion ... RIVER-1 - Reach-1
RS 0
Fall Velacity Method: |Ruby v

Reach-1 500 05 200.1 Sample#1

400 . . 200.1 Sample#1
300 . A 200.1 Semple#1 5

Ban
200 . A 200.1 Semple#1 y
100 . 200.1 Sample#1
0 A 200.1 Sa

Elevation
e

-5 |

100 150 200 250
Station

3
o
@
3

Iloa Ranbe fnr Fviante L Intamalate Rradatinne L= .1 1 ‘

section. You can also copy and paste.

16

l The last step is to use the pull down boxes to specify the gradation for each cross




Selection of Sediment

Transport Function

Sediment Data -
File Optons View Help

Initial Conditions and Transport Parameters I Boundary Conditions. ]

Select the Yang transport function.

s s A
River. |RIVER- ~| TransportFunction: §Yang : Define/Edit  Bed
Reach: |Reach-1 v | Sorting Method. g‘;le;mem;een Gradetion ..

5 Laursen (Copelant
Fall Velaciy Metrod{ Leureen (Coneend)

River Reach | RS [invert| MaxDepth | Min f{Toffeleti Gradation
1|RIVER-1 Reach-1 500 05 10 [Wilcock ple#1
2|RIVER-1 Reach-1 400 04 10 A ple#1
3|RIVER1 Reach-1 300 03] 10 -0 200.1 Semple#1
4|RIVER-1 Reach-1 200 0.2 10 -01 200.1 Sample#1
5|RIVER-1 Reach-1 100 01 10 -01 2001 Sample#1
6|RIVER-1 Reach-1 0 0] 10 -0.1 2001 Sample#1

Select from available transport functions

llea Ranbe for Fviante L Intamnlate Gradatinne L= .

Profile Plot  Cross Section Plot
RVER-1 - Reach-1
RS0
107
51
H
0
@
54
e o 50 100 150 0 260
Station

17



Inflowing Sediment Load

—

Sediment Data - Completed sediment

Initial Conditions and Transport Parameters §| Boundary Conditions

I Rating Curve I SedimentLoad Series I Equilibrium Load J
RS

Select blank rating curve to simulate clear water discharge entering reach

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.

18



New Sediment Data
Open Sediment Data ...
Rename Sediment Data
Delete Sediment Data...

W J ment Load Series | Equilibrium Load

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.

19



Inflowing Sediment Load

Sediment Data - Campleted sediment

Delete Sedimeny  Title File Name Selected Folder ~ Default Project Folded My Documents
Save Sediment {Camplaled sediment C\..\Sed RAS class\Flume Example\Completed Example
| ume_completed s01 T
flume_completed.sed02 {projects
{_JSed RAS class

|

0K I Cancel ] Help | Create Folder ... I = ~|
[Select drive and path and enter new Title

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.

20



IC:\..\Flume E
[Fiume with 2000cfs w sediment [CA..\Flume B
[Imported geom [CA...\Flume E
|2000cfs

Click here to access quasi-unsteady flow data.

In order to run a simulation, we need to also enter quasi-unsteady flow data.

21



Quasi-Unsteady Flow Data

Quasi Unsteady Flow Editor
Flle Hep

Add Flow Change Location(s) | Delete Cument Row

Flow Series

Set Temperature ...

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.

22




" Fixed Start Time:

No. Ordinates ! Interpolale Values l

r
Flow Series for RIVER-1 Reach-1 500

Select/Enter the Data's Starting Time Reference
P iy

Quasi-Unsteady Flow Data

Dete: OTMARZ008 Time; [2400
Date: Time: F

DelRow | InsRow |

|__| Simuletion Elapsed

Flow

Computation

Time Time

Duration

Incrament

fhours

(hours)

(hours)

01Mar2008 24

02Mar2008 01

02Mar2008 02
02Mar2008 03
|5__|02Mar2008 04
|6 |02Mar2008 05|

[~ Compute computation increments based on flow

Plot...

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.

23



Quasi-Unsteady Flow Data

Quasi Unsteady Flow Editor
Flle Help

Add Flow Change Location(s) | Delete Cument Row

| Normal Depth

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.

24




We will enter a slope of 0.001. Note that this value is fixed over the entire

simulation.

Quasi-Unsteady Flow Data

I Rating Curve

Boundary Condition Type

Flow Series

SetTemperature ...

25



Quasi-Unsteady Flow Data

[ — —

Quasi Unsteady Flow Editor

Add Flow Change Location(s) I e oA lemperature Series

Select/Enter the Data's Starting Time Reference
® Use Simulation Time: Date OMARZ2008 Time: [2400

" Use Fixed Start Time: Date. Time:

i No. Ordinates | ImarpnlmsMissingValues[ Del Row | Ins Row I

Elapsed |
Time Time Duration Temp

(hours) (hours)
4 2

[1[RIVER-__ |Reach-1
[2|RIVER-1 Reach-1

01Mar2008 24) 2

i Set Temperature ...

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.

26




Quasi-Unsteady Flow Data

Quasi Unsteady Flow Editor

New Quasi-Unsteady Flow File...
Open Quasi-Unsteady Flow Flle...
lete Current Row

Delete Quasi-Unsteady Flow File. I
T
Stage Series I

Normal Depth Rating Curve

River
1[RVER1  |Reac1 |
2[RVERT _[Reacht o |

Before closing window, choose “Save As Quasi-Unsteady Flow File...” from File menu.

SetTemperature .. oK | Cencel

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.

27



\

Quasi-Unsteady Flow Data

e

Save QuasiSteady Data As
Title File Name Selected Folder ~ Default Project Folder J My Documents [
IOUZDDDds { C\..\Sed RAS class\Flume Example\Completed Example
=T
Aprojects
{_JSedRAS class

f;gFlume Examile

oK Cancel Help |  Create Folder . =

{Select drive and path and enter new Title.

Set Temperature ...

The quasi-unsteady data file is saved as “QU2000cfs.”

28




Time Window for Sediment
Transport Analysis

'3{ HEC-RAS 4.0 Beta2
Fle Edt Run Vew Optons Hep  ~ N\
E1| AP [D[EEesd

-
[Flume (completed) [C\..\Flume P P

[
limported geom / [C\..\Flume Example\Completed Example\fiume_completed g01
Steady Flow: [2000cts / [CA...\Flume P P . 01
Quasi Unsteady0U2000cfs / [C\..\Flume p ¥ q01
Unsteady Flow. ’7 / 17
Sediment ICom;yed sediment |C\..\Flume pl ple\flume_ 501
Description : lr |Z| ['Version 4.0 Beta2 [US Customary Units

Click here to access time window and sediment
transport simulation plan data.

To enter time window data and to run the sediment transport analysis you click the
man running on the dirt.



Time Window for Sediment P
Transport Analysis

Sediment Transport Analysis
File Options Help
Plen: | ShotiD |

Geometry File : [imported gaom

Quasi-Unsteady Flow |qu2000cts

Sediment Data : [Cumpleted Sediment

i tion Time Window ‘
Starting Date: |o1mAR2008 Starting Time: (2400
Ending Date: |p2marzoos Ending Time:  [0559 ‘

Plan Description :

[

|

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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Running the Sediment
Transport Analysis

r
EAl sediment Transport Analysis
Flle Optons Help

Plan
Geometry File : [imported geom -
Huesi-Unsteady Flow |qu2000cfs -
=1

Sediment Data : ICumpIsted Sediment

ion Time Window ===
Starting Date: [o1mAR2008 Sterting Time: 2400

Ending Date: fpzmarz008 Ending Time: 0553

Plan Description :

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.



Running the Sediment
Transport Analysis

Edl sediment Transport Analysis
Flle Optons Help

Plan: Flume with 2000cfs w sediment ShotID  [flume w sed

Geometry File : [Importad geom

QuasiUnsteady Flow |qu2000cis
Sediment Data: |Complewd Sediment

i tion Time Window e
Starting Dete: [o1MAR2008 Sterting Time: 2400 ;

Ending Date: JpzMARz008 Ending Time: 0559 ;

If"tan Description :

=
=

The plan is saved as “flume with 2000cfs w sediment” and is assigned the short ID
“flume w sed”.
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Running the Sediment
Transport Analysis

U HEC-RAS Finished Computations

Steady Flow Simulation
River: RIVER-1 RS: 0
Reach Reach-1 Node Type: Cross Section

Profile: 02Mar2008 0500

Simuaton. 66 R R TR
Computation Messages

Sediment Transport Analysis Version 4.0.1 Beta2

Finished Steady Flow Simulation

Total Computation Time = 0 min 1.61 sec
Computetion messeges written to: C:\projects\Sed RAS dlass\Flume Example\Completed Exam,

After clicking “compute” the model simulations proceed, ending with this screen.
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Profile Results

Profile Plot
File Options Help
Reaches ... |81 Profiles ... | ] EI [~ Plotnitial Conditions ~ Reload Data
v&. : %
2 (02Mar2008 0100) lume with 2000cfs w sediment  1/21/2008

3(02Mer2008 0200) 1 Reach-1
4(02Mar2008 0300)
5 (02Mar2008 0400)
6 (02Mer2008 0500)

Ground

Elevation (ft)

Main Channel Distance (ft)

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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Profile Results

Profile Pidt
File Options |elp
Reaches ... ’ _lm Profiles E] [ Plotnitial Conditions ~_Reload Data

v 2 (02Mer2008 0100) Flume with 2000cfs w sediment  1/21/2008
3 (02Mer2008 0200) 1 Reach-1
4(02Mar2008 0300)

5 (02Mar2008 0400)

6 (02Mer2008 0500) EG 02Mar2008 0100
WS 02Mar2008 0100
Crit 02Mar2008 0100

i v

Tegend

Ground

Elevation (ft)

200 300
Main Channel Distance (ft)

The second hour shows slightly more scour...



Profile Resu

Profile Plot
File Options Help
Reaches .. | 8| t|[Profies.. | ™ [ Plotlnitial Conditions

1 (02Mer2008 0000) = - 5
Flum 2 (02Mer2008 0100) lume with 2000cfs w sediment  1/21/2008
v I Rosch
4(02Mar2008 0300)
5 (02Mar2008 0400)
6 (02Mer2008 0500)

“Crit 02Mar2008 0200
e
Ground

200 300
Main Channel Distance (ft) 20757.2.92

Elevation (ft)

And the third...
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And the fourth...

Elevation (ft)

Profile Results

Prafile Plot

rofile
7 (02Mar2008 0000)

[ PlotInitial Conditions

2 (02Mer2008 0100) “lume with 2000cfs w sediment
3 (02Mer2008 0200) 1 Reach-1

v
5 (02Mar2008 0400)
6 (02Mar2008 0500)

1/21/2008

Legend

EG 02Mar2008 0300

Ground

WS 02Mar2008 0300
“Crit 02Mar2008 0300
e

Main Channel Distance (ft)
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Profile Results

Prafile Plat
File Options Help
Reaches ... | 8|t |[Profies .. | ™. @ [~ PlotInitial Conditions

1 (02Mer2008 0000) 5 : "
Flum 2 (02Mer2008 0100) lume with 2000cfs w sediment  1/21/2008
0200) 1 Reach-1
4 (02Mar2008 0300)
v
6 (02Mer2008 0500)

Crit 02Mar2008 0400
Ground

_‘
Elevation (ft)

20 300
Main Channel Distance (ft)

And the fifth...

38




Profile Results

Prafile Plat
File Options Help

Reaches .. | 8| ¢ |[Profies .| >|[@] [~ Plotinitel Condiions ~_Reload Data

1 (02Mer2008 0000) 5 %
Flum 2 (02Mer2008 0100) lume with 2000cfs w sediment  1/21/2008
3 008 0200) 1 Reach-1
4(02Mar2008 0300)
5 (02Mar2008 0400)

Ground

Elevation (ft)

200 300

Main Channel Distance ()

And the sixth...



Sediment Spatial Plot

§H HEC-RAS 4.0 Beta2

mpleted

Project f o
Plan: Fooo ) s Exampl
Geometry: i - P
Steedy Flow. | Hydraulic Property Plots .
Quasi Unsteady’  petalled utput Tables .. P! P X
Unsteady Flow:|  Profile Summary Table ...
Sediment [ Summery Er,Warm, Notes . Example\Completed Example\fiume_completed.s01

Description: | [)[ Version 4.0 Beta2  [US Customery Units

ompleted

qo01

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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Sediment Spatial Plot

Sediment Spatial Plot (-

Files ... | Reaches ... Profiles .. Variables ... ¥ Plot Observed Data ] Reload File
Profile Plot | Schemati v 1 (02MAR2008 00:00.00)
2 (02MAR2008 01:00:00) 1

v 3 (02MAR2008 02:00.00) ~orkshopstfiume sed03 |
v 4(02MAR2008 03:00.00) -
v 5 (02MAR2008 04:00.00)
6 (02MAR2008 05:00.00)
T T (2MAR2008 00.00.00-Ch Invert E1 ()
== | 02MAR2008 01:00:00-Ch Invert EI ()
~ | 02MAR2008 02:00:00-Ch Invert E1 ()
02MAR2008 03.00.00-Ch Invert El ()
02MAR2008 04:00:00-Ch Invert EI (f)
02MAR2008 05:00:00-Ch Invert EI (f)

02MAR2008 06:00:00-Ch Invert EI (f)

Legend

ChInvert El (ft)

30

Main Channel Distance (fl)

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.



Files ... | Reaches ... ] Profiles ... Variables ...

Profile Plot | Schematic Plot] Teble |

Chlimwer El (ft)

v

A

Wesel ()
Observed Data () 5ed03
Invert Change (ff)

Mass Out All (tons)

Flow (cfs)

Velocity (ft/s)

Shear Stress (Ib/sq ff)

EG Slope (ft/f)

Mass Bed Change Cum: All (tons)

Mass Bed Change: All (tons)

Mass Out Cum: All (tons)

Mass Capacity: All (tons/dey)

Mean Eff Ch Invert (f)

Mean Eff Ch Invert Change (ff)

Long. Cum Mass change (tons)

Legend

—_—
02MAR2008 00.00.00-Ch Invert EI ()

~==. | 02MAR2008 01:00:00-Ch Invert El ()
- *_*| 02MAR2008 02:00:00-Ch Invert EI ()

02MAR2008 03.00:00-Ch Invert EI ()
02MAR2008 04:00:00-Ch Invert EI ()
02MAR2008 05:00:00-Ch Invert EI ()
02MAR2008 06:00.00-Ch Invert EI (1)

Main Channel Distance (fl)

[ PlotObserved Data | T 4| RelosdFile

E

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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Sediment Spatial Plot

[ R NIR———
e )

Sediment Spatial Plat

Files ... | Reaches ... | Profiles .. | Variables ... | ¥ PlotObserved Data « Reload File
1

Profile Plot | Schematic Plot| Table |

C:\temp\workshops\flume.sed03 -
[ RIVER-1-Reach-1

Legend

— e
(02MAR2008 00:00.00-Velocity (ft/s)
(02MAR2008 01:00-00-Velocity (f/s)

(02MAR2008 04:00:00-Velocity (f/s)
(12MAR2008 05:00.00-Velocity (R/s)
(02MAR2008 06:00.00-Velocity (R/s)

Velocity (ft/s)

200 300
Main Channel Distance (ft)

In this spatial plot, the velocity variable was selected.



Sediment Spatial Plot

Sediment Spatial Plot
File View Help

Files J Reaches ... | PrHarilblos | ¥ Plot Observed Data 4 Reload File

Profile Plot | Schematic Pid

!

Ch Dist]_(02MAR2008 00:00:00) Velocity (/[ (02MAR2008 01:00:00) Velocity (t/s[} (22MAR2008 02
100 3626458 3628458
100 3626474 3628474
100 3628491 3628431
100 3628511 3628511
100 3626534 3628534
0 3628557 3628546

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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Sediment Spatial Plot

Sediment Spatial Plot

Flle View Help

Files ... | .| Variables ... | [ PlotObserved Data  [02Mer2008 02.00.00 ﬂ - _»J ﬂ :J ®_| ReloadFile
Profile Plof  Schematic Piot |fTable |
Lo 1
02Mar2008 02:00:00 -l
Legend
RIS
3846237
4.905%1

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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Sediment Time Series Plot 2%

§§ HEC-RAS 4.0 Beta2

ad] s

Example\Completed Example\flume_completed.pr
Example\Completed Example\flume_completed.p02
q01

Hydraulic Property Flots ..

q01

Detalled Output Tables ...
Profile Summary Table ...
Summary Err,Warn, Notes ... 5 01

P P P
0SS Data . " [Z)[ Version 4.0 Beta2  [US Customary Uits

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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Sediment Time Series Plot -

Sediment Time Series

RIVER-1 -Reach-1 Variables ... ' Reload File
& 500

5400 Plot| Teble | :

~ 300 C:\temp\workshops\fiume.sed03

w 200 " .

- 100

1
i

mose

Ch Invert EI (ft)

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.
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Sediment Time Series Plot 22

Sediment Time Series
File Options Help

RIVER-1 - Reach-1 Variables ...

& 500

Al Plot | Table |
- 300 C:\temp\workshops\fiume.sed03
- 200
~ 100
~0

Tegend

T Weal(m)
Ch Invert EI ()
Invert Change (ft)

Ch Invert EI (ft),Wsel (ft)Invert Change (ft)

In this example, the channel invert elevation, invert change, and water surface
elevation variables have been selected.
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Sediment Time Series Plot 2%

Sediment Time Series

Vanables ... l
Piot{ Table |
[ Time ChinvertEI®) |  Wsel(f) | Invert Change (f)
1]02Mar2008 00:0( 05 3255611
2| 02Mar2008 01:0] 0.4230257 3.255611
13| 02Mar2008 02:0(] 04134253 1236374
0.4038758 3235692
03932932 3230179
|6[02mar2008 05:0(] 0.3820896 3226797
|7|02Mar2008 06:0(] 0.3704283 3.022598

Clicking the “Table” button provides all three selected variables in tabular form for
each time step.
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Objective: To prepare and execute a basic sediment transport model and view the results.

Time to Complete: 1 hour

The data files used for this workshop were developed for pedagogic purposes. The model and
results of this workshop do not represent current or fiture conditions for any particular river.

Introduction
The HEC-RAS file, flume.prj, 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 O 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 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

HEAD GATE

HEAD BAY /

TLEAN WATER | SIDEWALL

X-SECTIONS & CHANNEL STATION NUMBERS

INFLOW '
e 54 32 |0
\-
]
U\\ N TAIL GATE
\\\_
77 I e
— ELEVEATION
\
FLUME BED & SAND MIXTURE
Workshop No. 1-4 Flume 1 of 5 Rev 3/11/08




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

Steps to Enter Sediment Data and Run Sediment Transport Simulation

Entering Sediment Data

1. Open the HEC-RAS file: flume.prj
2. Click the Sediment Boundary Condition Data button ﬂ

3. On The HARIERIHUERS ARG (nspriaEmeErs ] Tab, 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

4. Now click the ___Gredation - |putton to define the gradation.
: e . 0|
a. Create a new gradation by clicking the Class|diam (mm) % Finer
button, and name the gradation “Sample#1.” Clay 0.004
b. Enter the following gradation, then click OK: \;;M gg?g
MM 0.032
5. Select the “Sample#1” gradation at each cross CM 0.0625
section. 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 3
VCG 64 36
SC 128 100
LC 256
SB 512
MB 1024
LB 2048
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6. Define the sediment transport function as vang =
7. Click the I Boundary Conditions | tab, click in the white box next to cross section 500, then
. Rating Curve l : ; .
click the i button, and without entering any data click OK.
8. To save the Sediment Data entered in the steps above, select “Save Sediment Data

As...” from the File menu and name the Sediment Data
lCompIeted Sedimen

Entering Quasi-unsteady Flow Data

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

Normal Depth

2. Click in the white box next to cross section 0, then click the
button and enter a friction slope of 0.001.

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

I: L e | box and enter the following data:
Flow Computation
Duration Increment Flow
(hours) {hours) (cfs)
6 1 2000}
4. At the bottom of the dialog box, click the SetTemperare . | ,nx and enter the

following data then “OK.™:

Duration Temp
{(hours) (] i
24 45
5. To save the Quasi-unsteady Data, select “Save Quasi-Unsteady Flow File...” from
]ouzunndsl

the File menu and name the file

Perform the Simulation

l. To run the simulation, click the Perform Sediment Transport Simulation button
from the main HEC-RAS window.

Workshop No. 1-4 Flume 3of5 Rev 3/11/08
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Enter the following in the simulation time window:
Simulation Time Window

Starting Date: 01MAR2008 Starting Time: {2400
Ending Date: 02MAR2008 Ending Time: |0559

To save the Sediment Transport Analysis plan data, select “Save Plan As...” from the
[Flume with 2000cfs w sediment

File menu and name the file and name
the short ID as flume w sed|

. COMP
Click il to run the

simulation

: Evaluate the Output

l.

From the main HEC-RAS window, select “‘Sediment Spatial Plot...” from the View

menu and select the Profile Plot l tab.

The default variable plotted is “Ch Invert EI” (channel invert elevation). Click the

_P_mﬁle;_‘ button to select profile number 7. By clicking on the line, enter the final
thalweg elevation at cross section 200 for profile 7:

Now click on the Teb | tab and provide the final thalweg elevation at cross section
200, profile 7, to four significant digits (just because we can):

How much degradation occurs at cross section 200 for profile 7? (hint: change
ML' from “Ch Invert EI”” to “Invert Change™)

Which cross section degraded the most and to what depth?

How much scour occurs at cross section 400 after the third hour? (hint: turn on
profile 4 and the “Invert Change™ variable)

Workshop No. 1-4 Flume 4of5 Rev 3/11/08



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

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

Ms;l to shear stress and view the chart and/or table for each cross section;
watch out for boundary condition effects)

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

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

) W EE e G ==

End of Workshop
l Workshop No. 1-4 Flume 50f5 Rev 3/11/08
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Outline

m Physical Characteristics of Sediment
m Size
m Shape
m Unit Weight
m Fall Velocity

m |nitiation of Motion
B Sediment in Motion




g

Fig 21 1a Definmon of particle axes (from Yuevh (196 and Yurvk asd Winkler (19911

rhombne

irregular ellipsoidal

cllipsoidal

Fig 211 b Discrepancy in b+ wnd a-aves definnons for rhombic  irrepular ellipsordal, and cilzpsosda)
parucic shages

Figure Courtesy USGS




Size Classifications
(AGU)

2
1

Medium Gravel Very Fine Sand 0.125 — 0.0625
Fine Gravel “ e i

0.004 -
0.00024




Sediment Size

Bed Gradations
Lo [ 1]

——STA 845
—8—STA 1032
—&— STA 800

Cumulative Percent Finer

1.00 10.00

Grain Size (mm)




Sediment Shape

fae
e
SF = 0.7 for natural sands

, o

Photographs courtesy USGS

\ ‘
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Sediment Unit Weight

m Density (mass per unit volume).
= wood <1
water 1.0 (pure, 4° C)
coal 0.9-1.4
quartz & feldspar ~2.65 (prevalent minerals in nature)
magnetite 5.0+
iron 7.9
silver 10.5
lead 11.4
mercury 13.5
gold 19.3




Sediment Density

Courtesy USGS




Sediment Fall Velocity (.-

m Necessary to determine how quickly sediment will
settle

m Fall Velocity (w) depends on
m Size

m Unit weight

m Shape Factor (Drag)

m \Water Temperature (Viscosity)
m Concentration (Interference)

m Turbulence

m Cohesiveness (Flocculation)




Sediment Fall Velocity

m Standard Fall Velocity

m Average rate of fall that the particle would obtain if
falling alone in quiescent distilled water of infinite
extent at 24° C.

m Standard Fall Diameter

m Diameter of a sphere that has the same specific
weight and the same standard fall velocity as the
given particle




Sediment Fall Velocity

m Stokes Law (1851, Re <0.1)

PG Y il 4
18v %

m Rubey (1933)

o =F gds(ys_yJ
g

Here are two popular ones, there are many more

11
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Initiation of Motion

m Particles on the bed assumed to move when critical
shear stress (t.) has been reached.

m Most data from laboratory flumes; in reality
m motion of sediment grains is highly unsteady

m nonuniformly distributed over the bed area.

= This suggests that process is statistical in nature
(Einstein was the first to develop a transport relation
based on statistical concepts).

12




Initiation of Motion

e
m Disagreement by researchers as to when critical
conditions exist, but reasonable agreement among
published results.

B The inclusion of a critical shear stress below which
no transport will occur is found in many sediment
transport formulas.

m One of the most common figures referenced for
critical conditions is that of Shields (usually with the
data by White included, as shown below).
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Initiation of Motion

m Foralarge
boundary
Reynold’s R

3 Lignite
number, the Granite
' Barite
critical Sl
shear I Sand (Kramer)
A Sand (U.S. WES)
stress is Sand (Gilbert)
Sand (White)
nearly Turbulent boundary " y

" I Sand in air (White)
constant at T 11114 steet shot i
0.06.

(Shields)

Te

,=nd,

L1 tiiill

£

Vatue of %20.1(Z—1 I

10 5 .
;

7

Z
4

yiw
v

2
1
0.06 T

0.05

0.04
003

Dimensionless shear stress, T, =
C

0.02
02 04 06 10 2 4 6 810 20 40 60 100 200 500 1000
Boundary Reynolds Number, R = E',i'
FIG. 2.43.—Shields Diagram with White Data Added
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Sediment Load

Transport
Mechanism

Suspended Load

Sediment
Source

Wash Load

Bed Load

Bed Material Load

Measurement
~ Method

Measured Load

Unmeasured Load

When discussing the Sediment Load it is vital to be clear
about which component of the load is being dealt with.
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Sediment Load

R
A. Distinction on basis of mode of transport:

1. Bed load: particles that roll and slide along bed, or move by
short jumps (saltation).

2. Suspended load: particles supported above bed by
turbulence, and transported at about the local flow velocity.

. Distinction based on particle size:

1. Bed material load: particles found in appreciable quantities
in bed material that is actively moving.

2. Wash load: finer material found in small quantities on bed.
Transport rate depends on rate of supply of material to stream
(usually finer than 0.062 mm).

16




Sediment Load

C. Distinction based on measuring technique:

1. Measured sediment discharge = (meas. conc. of sediment)
x (water discharge) suspended-load discharge. Can't measure
all load due to physical size of samplers.

2. Unmeasured-load discharge = total-load discharge -
measured load dischargebed-load discharge.

17



1 AR NART

. | | X 0l
w0 i f ™ T
m | ) 4 i [l
z | | I N
" D | ’- [y | |
i [ 8 o 1 I
e r ol &l e 2 sl w2l H b
i H @i | o 0 { v Ell @ ci | 2 {
0 Lol Ef) . :i [ off  3i off €2
e [ 4] sl 1 Sl El el eMGl
o SR . W 2SI Y3 T
: st o T
o > \ | | | 1 [ |
< \ B [ [l | I
: B Fa \ N
2NN U \ A f ol
m t \ A\ \ | | [ |1
r ol || S -\ i A \\,_ | | ] B 4

g 2mm Sands Silts j§10.002 mm

1 ! L ! 1O PR .
CONCENTRATION: 1 SPACE=100 MG/L BY WEIGHT
Clays
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in the Missouri River at Kansas City, Mo.
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Sediment Continuity

e
m Sediment Budget: Outflow — Inflow = Change in

storage over time step

Qs 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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Sediment Continuity

m Sediment Control Volume: Inflow - Transport
Capacity = Change in storage over time step

/___/_/——-/——_
/__/-/—_?/—__—/C!S QS in
3 .potﬁntial g

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

20
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SELECTION OF
SEDIMENT TRANSPORT RELATIONS
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Problem Statement

Need to relate sediment transport capacity to
sediment and hydraulic characteristics —

Which Sediment Transport Relation/Formula(s)
should we use?

[ | HEC-6 has 11 formulas + user defined
E HEC-6T has all these plus a few others
[
[

HEC-RAS has 7 (so far)
Which one(s) are best????




SEDIMENT TRANSPORT ===

QT o F(U, p1 ps1 ga D507 O-’ p, Trv d1 b)

Q = Discharge Geometrical Standard Deviation

Q, = Sediment Transport Rate of Bed Material

= Manning Coefficient
d = Mean Flow Depth P Density of Fluid

b = Mean Flow Width Density of Sediment
Acceleration of Gravity

Dynamic Viscosity Coefficient

D, = Particle Diameter
u = Mean Flow Velocity




_—~
General i

m Different functions can give widely varying
results

m Developed under different sets of field and
laboratory data

m Best to have measured data to
compare/calibrate

m Often this is not available




General

m Most relations predict rate of sediment
transport using steady-state hydraulic and
bed material information as input

m Hydraulic variables often laterally averaged to some
extent




General (cont’d)

m Some general differences between formulae:

m Bed load versus bed material load (coming up!)
= Critical for sand bed streams — big suspended load

m Single grain size versus multiple grain sizes
= Single (usually median) better for equilibrium
conditions
Multi-size better for non-equilibrium conditions, but
sensitive to overall gradation, especially fines
= Einstein recommended ignoring finest 10% of bed
material sample
Careful when using single grain size relation for each
size class
= Assumes each class acts independently




Size Classifications (AGU) 2.

Medium Gravel Very Fine Sand 0.125 - 0.0625




Selection of a Function

Traditional Approach:

m Collect field data
m Different flow events
m Suspended and bed material transport
m Bed material gradations

m Test different functions, pick one that best
matches field measurements




Selection of a Function

Problems with Traditional Approach:

® Field data are limited in time and/or space or are
non-existent

m We may be required to simulate future conditions
where sediment regime (transport, propoerties,
etc.) may change, for example

® Impoundment
m Channel Straightening




Selection of a Function 24

Commonly Assumed that a function that
performs well against measured data will
also be a good predictor for ungaged
streams with similar characteristics:

Velocity B Washload

Slope B Bedforms
Depth
Width
D50

B Turbulent Intensity
® Armoring

10




Options Available to Select ma

a Function

1. List important variables for your project and
compare directly with ranges from literature for
each function

. 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

11
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Options Available to Select

a Function

b. Sediment Transport
Capacity Hydraulic
Design Function in
HEC-RAS

Use guidelines from Shen,

Yang, and others (coming
up!)

Used procedure by

Williams and Julien (Sand

Bed Streams Only!)

Use equations shown to

be accurate on a regional

basis.
One equation may not work
best for all flows!

River [SantaMagarita ] USRS:

Reach|1 | DSRS:

Profiles ...
Temperature: |55 Bed Sta Left:

Specific Gravity: |255 Bed Sta Right:
Conc. Fms(opt]:l Plot Gradation

Functions

Plot LOB... I Plot All... |

] Ackers White 108 | main 1 Rosl
[ EngelundHansen — Gradation Left Overbank

(] Yang

" Compute for all Sediment Reaches

O[O e
(] Toffaleti

.
& Compute for this Sediment Reach KI %l

=

MPM. Meyer-Peter Muller (flume}):
04<d<29mm 1.25<s<4.0
1.2¢<V<94fps 003<D<¢33f
0.0004<S<002 05<W<BEIt

BED LOAD ONLY! A bed load transport function

based primarily on experimental data. It has been |

]
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Total Load

Table 7-2
Explanation of Total Load

Mode of Transport

Availability in Streambed

Method of Measurement

13



Sediment Transport P
Formulas

B Bed Load + Suspended Load = Total Load

B Only Cohesionless Sediment Examined Here
(separate algorithms for cohesive sediment
available in HEC-6/6T)

m Can divide by derivation into 4 groups

1) Critical Shear (7 - t.) (MPM)

2) Probabilistic Arguments (Einstein)

3) Work/Stream Power (Yang)

4) Optimization of observed data (Ackers-White)

14




Sediment Transport
Formulas

Most formulas can be reduced to ¢ = f(6) where

9=—"o = Shields Parameter
Pg(Ss-1)d

g, = material transport by volume per unit width
S, = Specific Gravity of the sediment

d = representative grain size

15



Functions in RAS (4.03)

m Ackers - White (1973)

B Engelund - Hansen
(1977)

m Laursen (Copeland)

(1968, 1989)

m Meyer-Peter — Muller
(1948)

m Toffaleti (1968)

B Yang (1973, 1984)

m Wilcock (2001)

m Parker is coming (FY097?)

Transport Function:
Sorting Method:
Fall Velocity Method:

Invert | Max Depth |

Ackers-White
England-Hansen
Laursen (Copeland)
Meyer Peter Muller
Toffaleti

360.6 50

Yang
Wilcock

» Krone — Partheniades
for fine sediments under
development (Feb 08)

16



Which One?

Table 12-8 Range of input values for sedir

7998) HEC-RAS Hydraulic Reference Manual

(Sam User’s Manual,

Function d v

S W

Ackers-White 104 - 0.07 -
(flume) 7.0 ) Ton
Englund-Hansen \ 0.65 -
(flume) 6.34
Laursen " 0.068 -
(field) ) 18
Laursen

(fluine)

Meyer-Peter

Muller (flume)

Tofaletti

( field)

Tofaletti

(flume)

Yang

(field-sand)

0.00006 -
0.037 4.0

0.000055
0.019

0.0000021 —
0.0018

0.00025 -
0.025

0.0004 - 0.02
0.000002 —
0.0011

0.00014—
0.019

0.000043 —
0.028

Yang
(field-gravel)

0.0012 -
0.029

d=overall diameter (mm), d,,=median diameter (mm), s=sediment specific gravity,
V=avg. channel velocity (ft/s), D=channel depth (ft), S=energy gradient, W=channel
width (ft), T=water temperature (°F), (R)=hydraulic radius (ft), NA= data not available

17



Ackers-White

Designed to calculate the TOTAL sediment load, i.e., the
bedload and suspended bed material sediment load combined.

Calibration accomplished using 925 sets of data from 14
investigators. Based on flume data.

Determines the rate of transport in terms of three dimensionless
parameters: size, mobility, and transport.

Gy = f (Fg Dg)

gr

Where: G, dimensionless sediment transport rate
e sediment mobility number

Dy dimensionless sediment size

18




Ackers-White a2

m Suspended load « shear velocity, Bedload « mean
flow velocity

m Hiding function by Proffit and Sutherland (1983)
included as an option in RAS
m Shielding of smaller particles by larger ones tends to

decrease transport rate

m Ackers-White performs best for sand bed streams
where gradients and velocities are not excessive.

19



Sediment concentration, in parts per part

Sediment Uansporl parameler
Specific gravily of sediments

Mean particle diameles

= Effective depth

= Shear velouily

= Average channel velodily

= lransition exponent, depending on sediment size
= Coefficient

- Sediment mobility parameter

= Critical sediment mobility porameter




Engelund-Hansen

m TOTAL load formula

m Best for sandy rivers with significant suspended load

m Based on flume data
m Simple to apply, well-tested

= Unlt sediment transport
Unit wt of water

= Unil wl of solid particles
Average channel velocity
Bed level shear stress

Particle slze of which 50% Is smaller

21



Laursen (Copeland)

m TOTAL load predictor

m Derived based on qualitative analysis, experiments,
and other data

m Laursen’s formulation extended by Copeland to
gravel sizes (0.011 to 29 mm).

Where: = Sediment dischaige concentration, in weight/volume
= Unit weight of water
= Mean paiticle diameter
= Effective depth of Mlow
= Bed shear stiess due Lo grain resistance

= Critical bed shear stiess

{ .
f1=| Function of the ratio of shear velocity to fall velocity
(Wo]

as defined in Laursen’s Figure 14 (Laursen, 1958),

22
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Meyer-Peter & Muller

m BEDLOAD Formula
m Based on data from experiments in flumes

Where: g,
ke
ke

m slopes varying from 0.004-0.02

m water depths from 1 cm-120 cm

m mean sediment sizes from 0.4 mm-30 mm (medium sand to
coarse gravel)

m little or no suspended loads

13 I
\3/2 \1/3

k. y " ( 7
[—'. l /RS =0.047(y, - 7)d,, +0.2 L
&/

Unit sediment transport rate In welght/time/unit width
Acceleration of gravity

= A toughness coefficient
Median particle diameter

= Aroughness oefficient based on grains
= llydraulic radius

= Unit welght of water
= [nerqy gradient

= Unit weight of the sediment
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Meyer-Peter & Muller

RIS
m k /K’ varies between 1.0 (no bedforms) to 0.5 (strong
bedforms).

m Can reduce the formula to
¢ = 8(6-0.047)32

® The volumetric bedload fluxes per unit width
calculated from the equation are integrated across
the channel width for each discharge to yield the total
mass of bedload discharge as a function of flow
discharge.
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Toffaleti

m TOTAL load predictor
m Based on data from 7 “large” rivers and flume expts.

m Four zones defined in a vertical section to represent
bed load and three zones of suspended load
approximating “Rousian” distribution

Concentraticn Sediment discharge
relatons (symbol) (£2. No)

U= agv ()™
upper 20ne CmCu 2202360 | kg @7360

J Middie rane EC.-C,,;“).-“--(QJ“A) B 122368
u 7]

\:‘ =Cpi o= A, (22361)

(2.2364) a0d (2.236)

z ) 2
Velocty. U -Bed 1000 Ceacemennton, G, “{2.236n) £,,(2.2367)

FIG. 2.108.—Tofialett's (1969) and D
Relations

Lowsr 20ne
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Toffaleti

o,
R 20T
| =24, Suspended sediment transport in the lowes zone, in
11.24) tons/dar/
e (lower zone)
1+, -0.756: G = Suspended sex sport in the midd
tons/day/h

8t =M

Suspended seiment transpart in the s

tons/da
" Baxd 100 Seaimen THanpon in tong/day /M
{middle zone)
Total sedwvent transport i tons/day/ft

« Sediment concent 3ton parameter

= Sediment concents ation in the lowet o
(upper zone)
1+n,-152

s ribwnig) the retationship belween the

act
Temperature exponert

47

g = M(2d, )" "™ (bed zone)

M =43.2C,(1+n, WROE™
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Yang

® TOTAL load equation

m Streampower (V*S) dominant factor in sediment
concentrations

m Developed from field and flume data

Sands
i i,

. [é
log C, = 5.435 - 0.286log—= — 0.457 log— +
T 1) Where: C Total sediment concentration

("Xilll
P

s Vs V,S) @ = Particle fall velocity
~0.314log— |lo (1B _Fal
@ @ @ on = Median particle diameter

[1.799 - 0.409 log
= Kinematic viscosity

Grave|S ] = Shear veloclty

P LX{ i = Averane channel velocity
_ 12 m h
IOSC: =6.681-0.633 IOg‘—l_ 4'8161°g;; + = Energy gradient

( N (VS V,S)
2.784-0.30510g 2% _ 0282108 |1og[—§——"—
v @ ) \ D o )
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Wilcock

m BEDLOAD transport equation
m Newest equation implemented in RAS

m Variation of Parker’s surface-based transport
equation

m Based on field measurements and one flume study

m Adjusts critical shear stress with sand coverage of
the bed

m Bed material characterized by surface
measurements, not bulk samples
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A Short List of Sediment

' . -_—
Transport:Relations, ===
' BED-LOAD SUBSEI?E.:SED- 1%:% ;SE %Y NO.OF FLOWS  RANGE OF
AUTHOR(S) DATE  TYPE# REQUIRED QUANTITIES MSg::?GE LOAD DISCH. SIZE QUA:;EF?QI:nou i:i;l;l:':;‘:'

DISCHARGES ~ ONLY  FRACTION

. DUBOYS 1879 BS T,TcDg X GILBERTEXPTS.  .14.0

SCHOKLITSCH 194V, q,S,PD X X GILBERTEXPTS. .30

MEYER-PETER 1934 A 9,5, Dg b § NA 31286

/ SHIELDS 1936 BS ¢S TDgy X NA 1.6-25

l KALINSKE 1942 P, 1,TcDg X 40 NA
MEYER-PETER AND MUELLER 1948 Vg oV, 8Dty X NA 4300

EINSTEIN-BROWN 1950 BS 14DV X 316 3-28.6

EINSTEIN (BED LOAD FUNCION) 1950 Py, BS b, V, S, D, Dgs, Py, Dy Wy, v X X 100 \78.26.6

BAGHOLD 196 1 V.Dy X NA NA

LAURSEN 1958 BS d,V,S,Dsg, Pywy Dy 7,ci X X NA 27-86

COLBY 1964 v 4V, Dy T,G X NA 1030

BISHOP, SIMONS, AND RICHARDSON 1966 BS 1, 8D Dy X NA 1993

BAGHOLD 1966 E T VDow X NA 03410

BLENCH 1966 R q, S, Dsp, by k, m' X GILBERT EXPTS. 30-7.0

(CONTINUED)
.




A Short List of;Sediment

Transport Relations

BEDLOAD s:s?s:';:o. TL%T:; SED.DISBY NO.OFFLOWS RANGE OF
AUTHOR(S) DATE  TPEZ  REQUREDQUANTTES  DISCHARGE oo\l |0 sz USEDIN  SEDIMENT
ONLY  FRACTION QUANTIFICATION ~SIZE (M)

DISCHARGES ~ ONLY

ENGELUND ANDHANSEN 1367  BS,V  d.V.S.Ds, x 9% 1893
IRRIGATION
INGLIS-LACEY 1968 VoodVuw x CANALS NA
TOFFALETI 198 Sy LV,STPDw D X X 61 30-93
SHEN AND HUNG 911 Rg V,Sw X 587 NA
YANG 193 ERg dV.SDgwy x 483 NA
ACKERS AND WHITE 1973 SmRg d,V,SDyv x 925 NA
ENGELUNDANDFREDSOE 1576 Sm,Bs d.V.S.Dqw,B x 51 18776
IHR (KARIN AND KENNEDY) 1961 Sm,Rg  ,5, Dss.v x x §15 14286

I HR-2 (KARIN AND KENNEDY) 1981 Sm,Rg  q,$,Ds.v X X 615 14286

BROWNLIE 1981 Rg  d,V,8,Ds Og" X 999 06214
VAN RIN 1982

4 V.D gDy, viryw

LAURSEN (MADDEN) 1985 d,V, S, D sy, Py, Wy, Dy, 7 ci X X

LAURSEN (COPELAND) 1988 d,V,8,D gy, Py, Wy, Dy 7 i X X

#BS=BED SHEAR; Viq = VELOCITY ANDIOR DISCHARGE; Pb = STOCHASTIC/STATISTICAL Sm = SIMULATION ANDIOR THEORETICAL; Rg = REGRESSION WITH DIMENSIONAL
DIMENSIONAL ANALYSIS; E = ENERGY; R = REGIME THEORY

(CONCLUDED)



Selection Procedure
Suggested by Shen

IF FIELD DATA IS AVAILABLE:

» Use the Modified Einstein Method to estimate the
unmeasured suspended load and bedload based on
measured data.

« There is a question of whether Einstein’s intensity of
bedload transport should be arbitrarily divided by a

factor of two.




Selection Procedure
Suggested by Shen

IF FIELD DATA IS AVAILABLE:

- Separate bed material load from washload and
analyze them separately.

* Decide which available sediment transport equations
best agree with the measured data and use them to
estimate the sediment transport load for the design flow,
where actual measurement is not available.




Selection Procedure
Suggested by Shen

WHEN NO MEASURED DATA IS AVAILABLE:

- Use Einstein’s procedure if bedload is a significant
portion of the total bed material load. Otherwise see
below.

 Use Colby’s method for rivers with flow depth less
than or about 10 feet.

- Use Toffaleti's method for large rivers.

*Use Shen and Hung method for flume data and small
rivers.




Yang’s Suggestions when aa
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.




Yang's Suggestions when ma
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.




Which is Best?
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Steps for a General Study




1. River Geomorphology

A. Assemble data from all
sources.

. Carefully assess the historical
stability of the stream system
within the project reach, and
look both at approach and exit
reaches to the project reach.

. The period of time of interest is :
the most recent 20-30 years.




2. Field Reconnaissance

el
A. More detailed information on how to conduct a field
reconnaissance is presented in another lecture.

. The study reach should be inspected to determine if
it is stable under current conditions. It if is not, a
more complete investigation will be needed, and the
Sediment Impact Assessment should recommend
what level of detail is appropriate.




3. Hydraulic Parameters for -
Existing Conditions

A. Should be obtained from field measurements taken
at a standard discharge range.

Water velocities, discharges, and water surface elevations
needed to confirm the hydraulic calculations.

If that source not available, use the measurements made on

the field reconnaissance to support the hydraulic
calculations.
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3. Hydraulic Parameters for oa
Existing Conditions

B. In either case the following graphs for the project
reach are suggested:
m stage-discharge
depth-velocity
depth-slope

depth-bed shear stress
depth-percent of total flow in the channel




3. Hydraulic Parameters for
Existing Conditions

C. Bed roughness.
Use a “bed roughness predictor” to tie the hydraulics to the bed
sediment samples taken during the field reconnaissance trip.
Composite this n-value with other roughnesses in the cross
section.

=
Plot a graph of
Rver [SpgCesc <] PJ@) FSCT@ 4] ReosdDala 2
At S e P channel ve!oc:ty :
uuuuuuuuuu CEcampied | Pian: Sping Crask Multple Culvars 172072008 VS. hydrauhc radius

s for the range of
) ) water discharges
3 e through the project

design flood
discharge.

o4
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3. Hydraulic Parameters for o
Existing Conditions _ )_

D. Flow distribution between channel and overbanks.

Plot the channel velocity for the full range of water discharges.
Should see velocities increasing with depth. If decrease with
increasing depth, either justify trend or correct n-values between
the main channel and overbanks

Rating Curve

LIEE

Use channel velocity g = e ﬂé’j fempal

from the bed | Multiple Culverts - Example 4 Plan: Spring Cieek Multiple Culverts  1/28/2008

_ River mile 20238 - Upstream end of culvert
roughness predictor -
as an aid in
calibrating the H
distribution between
channel and

overbanks.

WS.Elev (1)




3. Hydraulic Parameters for
Existing Conditions

E. Sensitivity to geometry.
If channel characteristics are so varied that one curve is not
representative of the project reach, use RAS to calculate the
hydraulic parameters. Make two runs: One with best estimate
of n-values from office files; and one using predicted bed-
roughness n-values for the channel bed portion of the cross
section.




4. Sediment Transport for
Existing Conditions

If measured data are available, separate the total sediment
discharge into bed material load and wash load components.

Otherwise, select several (say two) sediment transport formulas
(see lecture on selecting sediment transport methods) and

calculate a sediment transport relationship for the full range of
water discharges (sediment load curve) on the stage-discharge
relationship. That will provide bed material discharge curves for
existing conditions.

If the curves are drastically different, apply another transport
function and select the most consistent one.

10



It is very useful to plot the
channel boring logs on a
channel profile. This allows
quick identification of potential
problem areas.

It will also allow design channel
grades to be set in such a
manner that the channel will be

imbedded in erosion resistant
material, rather than be cut into
soils that are easily eroded




6. Develop Proposed Desigh  ma
Features

“

fEmsite s T )
. in erodible materials a river will shape its cross sections in
accordance with its flow, slope, bank materials, and alignment,
irrespective of its initial cross sections, provided the initial cross
sections are not so wide and shallow that the flow does not
have sufficient velocities to move sand along the bed and erode
the banks. 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 proposed design cross section is not similar to the
regime cross section, sediment problems usually require
extensive maintenance to keep the project in operation.
This concept is valid for both flood control and navigation
channels




7. Hydraulic Parameters for ;o
Project Conditions

Flow line computations are the only source of this information.

If the channel is prismatic and flow is friction controlled, simple
normal depth calculations will be adequate. Otherwise, use a
water surface profile program (RAS).

Calculate and plot the same variables as presented for the
existing channel. Use the same stage discharge predictor as
for the natural channel, but use the bed material gradations at
the invert of the proposed channel as well as those from the
natural channel and perform a sensitivity study.

13




8. Preliminary Screening for
Sedimentation Problems

The velocities in the improved channel should not exceed the
maximum allowable velocity for the type of material in which the
stream|is embedded.

If they do, either redesign the channel cross section, include a

channel lining, or add design features such as drop structures to
flatten the slope.

Improved velocities for low flows should not be so low that
deposition will be induced beyond that which occurs under
existing conditions

14



9. Sediment Transport for -
Project Conditions

Using the same sediment transport formula, calculate a
sediment discharge for the full range of water discharges on the
stage-discharge relationship.

Plot the calculated sediment discharges on the graph with
existing conditions.

15




10. Impact of Sedimentation msa
on Proposed Project

A. General aggradation or degradation.

m Test for general aggradation with a sediment budget analysis.
Subtract the sediment yield (based on transport capacity) of
the bed material sediment load for project conditions from
that for the existing channel.

Positive — aggradation is indicated.
Negative — check the bed sediment for resistance to
erosion.

m The sediment yield is needed for both existing and project
conditions.

16



10. Impact of Sedimentation ma
on Proposed Project

B. Calculate sediment yield for existing conditions.

Calculate the average annual sediment yield component and
the wash load component.

Devise a flow-duration curve for the project site, and integrate
that with the calculated sediment transport curve for the existing
channel.

The result is average annual yield of bed material sediment.

Confirm that result with yields determined by other methods and
reconcile differences before proceeding.




10. Impact of Sedimentation msa
on Proposed Project

C.

S i

Calculate sediment yield for project conditions.

Use the flow-duration sediment discharge rating curve method
and make a sediment yield calculation for project conditions.

. Calculate the sediment budget.

Subtract the sediment yield for project conditions from the

sediment yield for existing conditions.

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

m Negative = erosion. Choose design features accordingly.

18



10. Impact of Sedimentation ma
on Proposed Project

E. Design flow analysis.

Repeat the sediment budget calculation for the design flow
hydrograph also.

. Local scour.

At this level of study, the approach for estimating local scour
potential at bridges and hydraulic structures is to compare this
project with similar projects.

. Bank erosion.

Likewise, the approach for evaluating bank erosion and the
need for a protective cover is to compare this project with
similar projects.

19




11. Estimate Long-term
Maintenance

This refers to both local and general scour and deposition in the
project reach.

The approach for estimating maintenance to arrest local scour
at bridges, hydraulic structures and bank protection sites, is to
compare this project with similar, existing projects.

The approach for estimating maintenance for general deposition
is to use the sediment budget analysis.

20



12. Use of Numerical Models

=
A numerical sediment model, such as HEC-RAS orHEC-6 will
make all those calculations and display the results in a table
using as much or as little data as is available. It is not
expensive to analyze a few tracer discharges when an HEC-2
or HEC-RAS water surface profile data set exists

21




13. End Product

A. Conclude whether the improvements will or will not
cause the reach to be unstable.

B. The type and probable locations of design features
should be estimated.

22



13. End Product

C. If the magnitude of sedimentation problems is
important to basic formulation decisions, further
study should be recommended.

. However, if the results of this impact assessment
can be changed by a factor of 2 without changing
the basic go/no-go decisions about the project, it will
probably be acceptable to proceed with
formulations, initiate a data collection program, and
refine the sedimentation investigation in a detailed
sedimentation study.

23




Steps for a Detailed Study

24



1. Purposes and General
Requirements

A. The Detailed Sedimentation Study identifies the
location and type of project features that will be
required to achieve the project purpose with the
minimum amount of maintenance.

. The primary criteria are

= What is required for the project to function without
major sedimentation problems?

= How will those features affect the stream system?

25




1. Purposes and General
Requirements

. The sediment routing is done by particle size using a
numerical sediment model.

Several proven models are available and have been used
extensively (HEC-RAS/-6).

The differences between this application and that presented in
the Sediment Impact Assessment are in the breadth and depth
of the computations and the amount of data that is available.

. Flow hydrographs should be used instead of just a
few tracer discharges, and the period of simulation
should span from a single event to the life of the
project.

26



1. Purposes and General
Requirements

E. Sensitivity runs should be made to test the response
of the project to uncertainties in sediment yield,
water runoff or downstream controls.

. These study results will provide a better basis for
developing conclusions than other computation
techniques can provide.

27




2. General Steps

A. Field Reconnaissance.

Another field investigation is recommended to
visually verify data collected since the previous one.

. Data Collection.

Data necessary for the computer program should
have been identified and the data collection effort
initiated following the Sediment Impact Assessment
recommendations. See the HEC-RAS user’'s manual
for specific data requirements.

28



2. General Steps

C. Selection of Transport Equation.

The measured sediment data previously collected
should be used to select an equation that most
closely reproduces the measured data over a wide
range of flows. When sufficient data were available,
the empirical coefficients in one of the standard
transport equations have been calibrated particularly
for that study.




2. General Steps

D. Preparing Data for the Numerical Model.

The data must be organized and input into the
computer. One of the largest surprises in
sedimentation studies is the amount of time required
to manage the large hydrologic data sets, which are
required for long-term simulation of a network of
streams.
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2. General Steps

E. Confirmation.

Any quantitative analysis should be based on
predictive methods that have been confirmed. The
confirmation process consists of taking past physical
conditions and adjusting the calibration variables
until the model will reproduce actual measured
changes.

. Prediction.

Upon completion of the confirmation steps, a
prediction of bed aggradation and/or degradation can
be made with a reasonable degree of certainty.




2. General Steps

G. Conclusions.

® The computer output indicates changes in the
channel bottom elevation, thereby highlighting
potential problem areas.

While the program prints out specific numbers, the
engineer must realize that the numbers can only be
used for comparison with each other and represent
only the “average” future behavior for the project
reach.
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Feature Design
Sedimentation Study

33




1. Purposes and General
Requirements

A. This type of study is an extension of the Detailed
Sedimentation Study to test the final design of the
project and relocation features.

. It is usually conducted at a specific location on a
stream where extensive data are available. It
includes all of the original data plus all data collected
since the Detailed Sedimentation Study was
completed.

34



1. Purposes and General
Requirements

. Examples:
depth of both local and general scour at bridges;
head loss and potential local scour at weirs and drop
structures;
potential deposition in expansions and at inflow
points;
performance of debris basins;
stability of the channel invert against erosion;
ability of the approach structure to eliminate head-
cuts upstream from the project, local erosion at the

approach structure and the changes in tailwater as
the result of changes in the exit channel.
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2. General Steps

A. Field Reconnaissance.

A field investigation is necessary to visually verify
conditions and data previously collected

. Confirmation.

At this level of study all hydraulic and sediment
parameters will have been confirmed against field
data. The process consists of taking past physical
conditions and adjusting the input variables to
reproduce an actual measured change. After the
predictive equation has been confirmed, the process
can be verified by applying it to other data sets and
verifying the results.
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2. General Steps

C. Prediction.

The maijor task is to forecast future land use,
hydrology loading and sediment loading. The
confirmed model can predict future conditions with a
reasonable degree of certainty.




CHAPTER 1: Getting Started

THE NUMERICAL-FLUME-PROBLEM!

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
the specific weight of the sediment deposit
the gradation of the bed sediment reservoir
the selection of the transport function
the water sediment discharge rating curves for all in-flowing points around the model

) 3 1 1

Hydrologic data set:

1. the water discharge histogram
the tail water elevation
the water temperature
the computation time step
program commands

s Wi

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.

!Copied 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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Problem

The file, flume.t5. isa data set that models a simple flume. Below is a sketch of what the physical model
-0 f this-flume-would-look like-from- a side view. Notice the 6 vertical lines numbered 0 through 5. These 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.

HEAD GATE

HEAD BAY ‘/

X-SECTIONS & CHANNEL STATION NUMBERS
ICLEAN WATER | SIDEWALL

Mot L Y 15 14 |3 |2 1 0
& \\\
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I
\/\\\\ TAIL GATE
]
— 1 |
/1177 — | FrEvEATION
e VEA
] ® e & Q%
e ee——
- 0,
SEGMENT NUMBER 1
FLUME BED & SAND MIXTURE CONTROL POINT NUMBER
|
FLUME ‘
\
|
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Developing the HEC-6T Data File

Now that the physical parameters of our flume have been explained, we can construct what is called a .T5

file-for HEC-6T-to-execute—The-T5file-is-all-the raw-data-collected-and put-in-a-format the-computer-can-read-

A .T5 file looks like this.

T1 FLUME TEST

T2 HEC-6T VERSION 4.00. 4 MARCH 1994,

T3

NC .150 .150 .025

X1 0 6 -.1  200.1 0 0
X3 10

GR 10 -1 10 -.1 0 0
GR 10 201

H 0

X1 100 100 100
X3 10

H 100

X1 200 100 100
X3 10

H 200

PX 100 2
EJ

T4 SEDIMENT DATA FOR FLUME TEST

TS BED GRADATION ARE HYPOTHETICAL

T6 NO SEDIMENT INFLOW

T7

T8

11 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
PFC 8.0 27.0 4.0 25.0 2.0 24.0
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

$SEND

WA THOMAS
0
0 200
100
100
.001 100
32.0 31.0
1.0 19.0

10

100

16.0
.50

200.1

100

28.0
16.0
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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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e oo Table-1-1--Description-of Input Records

The following table groups records by purpose and annotates the different elements of the input data file.

Input Records Descritpion

T1 FLUME TEST Title records that describe the

T2 HEC-6T VERSION 4.00. 4 MARCH 1994, WA THOMAS contents of this file.

T3

NC .150 .150 .025 Friction Coefficient

X1 0 6 L N 200.1 0 0 0 The first cross

X3 10 section in the model.

GR 10 -1 10 -.1 0 0 0 200 10 200.1 This is at channel

GR 10 201 station 0 - coded on

H 0 X1. The cross section
is on GR records. X3
requests ineffective
area. The bed
sediment reservoir is
coded on H record.

X1 100 100 100 100 Reuse GR records from

X3 10 previous cross

H 100 section.

X1 200 100 100 100 il ditto

X3 10 '

H 200

PX 100 2 .001 100 100 Template for extending

100 the model in the
upstream direction.

EJ End of Geometric data.

T4 SEDIMENT DATA FOR FLUME TEST Title records for the

] BED GRADATION ARE HYPOTHETICAL sedimentary data set.

T6 NO SEDIMENT INFLOW

T7

T8

I1 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 (Zexo 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
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Input Records Descritpion

PF 1.0 128.0 64.0 36.0 32.0 31.0 16.0 Sediment gradation in

2870 the bed _sediment
reservoir.

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 Hydrologic data set
begins.

% AB RUN 1

Q 2000 These records describe

R 4 the Hydrologic

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.

$SEND

End of run
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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

——ERRORS DETECTED;and the-end of job-statistics- This-shows-that the-execution-has-come to-a-normal-termination.- The ——— —

screen will look similar to this.

$SEND

0 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 = O HOURS, O 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 file 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 file 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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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.

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

Open the MBH Shell program

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

Select the input file example3.t5

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

B. Select the large Executé HEC-6T button. From the Command (DOS) window,
answer the following:
Does the simulation run to completion? Y/N a | Rl

How many fatal errors were detected? ) \ €

What is the output file name?

Press any key to exit this window.
2. Problem Statement: Display Example3.t6.
Press the View Output button on the bottom right side of the shell dialog.

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.
B. Goto END OF FILE.

C. Complete the summary information found at the NORMAL TERMINATION of a job
in the spaces below this line.
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READING INPUT DATA FROM file name =

PRINTOUT WRITTEN TO file name = —\Y ’/)

O FATAL DATA ERRORS

TOTAL NO. OF EVENTS READ =

TOTAL NO. OF WS PROFILES =

ITERATIONS IN EXNER EQ =

WRITE END OF RUN GEOMETRY DATA SET TO file_ name =

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

TABLE SB-2: SEGMENT 1 STATUS OF THE BED PROFILE AT TIME =
52.00000 DAYS

SECTION AVGBED  WSELEV THALWEG Q (cfs) SEDIMENT
ID CHANGE (fv) (ft) LOAD
NUMBER (ft) (tons/day)
58.000 -0.42 981.85 974.83 1400 554

55.000 0.17 980.66 973.10 1400 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? __ !

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

the space below: .
L =1 DA '

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).
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If the cross section is in a deposition area, there will be (moré, less) sediment
transported into the reach than is transported out of it.

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

SN sl S S 1T, | 18

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 “SHYD” 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
SMXMN 3 3 3 3

The SMXMN 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-6T button.
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
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How would you find out at what time a maximum or minimum occurred?
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Calibration:

The adjustment of a model's uncertain parameters,
such as roughness, sediment properties, and
coefficients, so that it reproduces observed data to an
acceptable accuracy.
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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.



Outline

m Why calibrate?
m Historical Stream Behavior
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Why Calibrate?

m HEC-RAS
m One-Dimensional Moveable Boundary Model
m Discrete Flow Records

m Sediment Computations by Grain Size (i.e. Sorting and
Armoring)

= j.e. A LOT of Uncertainty

m Successful application requires Calibration!

Manual 110 differentiates between Computational Modeling, where calibration data
is available, and Computational Analysis, where it is not.



Historical Stream Behavior
e
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