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‘The HEC-RAS Modeling System

@ 1D River Hydraulics
e Graphical User Interface
e Steady & Unsteady Flow

@ Bridges, Culverts, Dams,
weirs, gates, etc...

e Data storage/management

® Graphics, Tabular Output &
Reporting

® GeoRas — ArcGIS




~ History of HEC-RAS Development

e 1D Steady Flow Analysis
m FY 1992 - 1999

® Produced Stea)dy flow versions of HEC-RAS (Beta 1&2, Versions 1.0
-12,20-2.2

® 1D Unsteady Modeling for River Analysis
m FY 2000 - 2005
m Versions 3.0 - 3.1.3

® 1D Sediment Transport for River Analysis
m FY 2004 — 2007

e 1D Water Quality Modeling
m FY 2004 — 2007




B Features added to recent versions
of HEC-RAS

® Mixed Flow Regime for Unsteady Flow
@ Dam Break Analysis

® Levee Breaching

® Pump Stations

@ Navigation Dams

e Stable Channel Design and Analysis

® Sediment Transport Potential




Bl New HEC-RAS Developments
(that we will be talking about today)

® Sediment Transport (Mobile Bed Hydraulics)

e Water Quality




Mobile Bed Sediment Transport

® Goals of adding sediment routing into HEC-RAS
® Quasi-Steady Hydrodynamics

@ Transport Capacity

® Sediment continuity

@ Sorting and Armoring

® Erosion and Deposition

® User Interface Design

® Preliminary Results

e Additional Capabilities Planned




B Goals of adding Mobile Bed
Capabilities into HEC-RAS

® Replicate the capabilities of HEC-6
m Re-coding general capabillities in RAS
m Differences exist in hydraulic computations

® Add new capabilities beyond current
HEC-6 Features

® Improve the capabilities where we have
known deficiencies




Quasi-Steady Flow

* Flow Hydrograph represented by a series of steady flows
associated with durations.

_/

* Requires a new way of handling flows in HEC RAS




Computational Time Steps

Flow Increment

\

Computational Time Step

S




Transport Potential Functions

*Ackers-\White
*Englund-Hansen
Laursen (Copeland)
Myer-Peter-Meuler
Toffaleti

*Yang (Sand and Gravel)




Transport Capacity

® Bed Material and Inflowing Load divided
into separate grain classes (up to 20)

@ Transport potential is calculated for each
grain size

@ Transport Capacity = (Transport
Potential for each grain size) X (fraction
of that material in active layer of bed)
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Sorting and Armoring

Diagramed and
- | ° Conceptualized
HEC 6 Code

3 Methods in
HEC-6T

Exner 5
implemented
Currently in RAS




ol Temporal Constraints on Eroding
and Depositing

® Erosion and deposition does not occur
iInstantaneously.

® Deposition is based on settling velocity:
m Deposition efficiency coefficient = !, (l) At
D, (i)
® Erosion is based on “Characteristic Flow
Length”

m Erosion = (Gs — Qs) x C, Entrainment Coefficient
m Where:

L
30-D

C,=1368—c




Erosion and Deposition

to RAS Cross Sections
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Sediment User Interface

& Sediment Data
File Options View Help

Initial Conditions and Transport Parameters l Bounday Eonditinns]

Biiver: |[.~’-‘-.II Rivers) ﬂ Trangzport Function; |.-’-‘«ckers-White ﬂ Drefine/Edit Frofile Plot  Cross Section Plot ] % chematic I
Reach: | ﬂ Sarting Method: |E>:ner 5 ﬂ Bed Gradation .. Mississippi - Kate Aubrey
Usze Banks p RS: 795.8
Legend

River Reach RS Invert | Max Depthl tin Elevl Sta Left | Sta Hight| Bed Gradation| - —_—
Mizzissippi K.ate Aubrey 8066 182 10 a00 5500 Gravel Gro.un:l

Missizsippi K.ate subrey 206.8% 174.6 10 0 1080 7400 Gravel Bank 5ta
issizsippi K.ate Aubrey a05.* 167.2 10 1260 5980 Gravel
Missizsippi K.ate Aubrey a04.2% 159.8 10 1440 E220) Gravel
tissizsippi K.ate Aubrey B03.4% 1524 10 1620 B4E0 Gravel
Misgizzippi K.ate Aubrey 8026 145 10 1800 E700) Fine Sand
tissizzippi Kate subrey 801.771+ | 15057 10 175714 BE14.29 Fine Sand
tissizsippi K.ate Aubrey 800.942% | 156.14 10 1714.29| 6528.57 Fine Sand
issizzippi K.ate subrey 800114 | 161.71 10 1671.43| 644286 Fine Sand
tissizsippi K.ate Aubrey 793.285* | 167.29 10 1628.57| 6357.14 Fine Sand
Mizzizzippi F.ate Aubrep 793,457 | 172,86 10 158571 E27¥1.43 Fine Sand
rissizzsippi K.ate Aubrey 797 628 | 17843 10 1542.86| 6185.71 Fine Sand
Mizzizzippi F.ate Aubrep 7968 184 10 1500 E100 Fine Sand
rissizzsippi K.ate Aubrey 795,887 | 184.75 10 18375  EB287.5 Fine Sand
Mizzizzippi F.ate Aubrep 7349757 | 18845 10 16875 E47A Coarze Sand
rissizzsippi K.ate Aubrey 794 .062% | 186.25 10 16125  EBBE2.5 Coarze Sand
Missizsippi K.ate subrey 793.15* 187 10 1650 E250 Coarse Sand
rissizsippi K.ate Aubrey 792237 | 187.75 10 16875  7037.5 Coarze Sand
Missizsippi K.ate subrey 791,325 | 18858 10 1725 7225 Coarge Sand
issizsippi K.ate Aubrey 7904127 | 189.25 10 17625 74125 Coarse Sand
Missizsippi K.ate Aubrey 789.5 190 10 1800 7E00 Coarse Sand
tissizsippi K.ate Aubrey 788716+ | 187.33 10 1983.33| 7E83.33 Coarse Sand
Misgizzippi K.ate Aubrey F87.933 | 184.67 10 2166.67| 7VEE.EY Coarse Sand
tissizzippi Kate subrey 7av.15* 182 10 2350 7850 Coarse Sand
tissizsippi K.ate Aubrey 786.366% | 179.33 10 2533.33| 793333 Fine Sand
issizzippi K.ate subrey 785.583 | 176.67 10 2716.67| B016.67 Fine Sand
tissizsippi K.ate Aubrey 7a4.8 174 10 2900 8100 Fine Sand . . .
Missizsippi  |Kate Aubrep | 784.04° | 1738 10 27an 7800 Fire Sand £000 2000 10000
Missizsippi | Kate Aubrep | 783.28° | 1736 10 2660 7500 Fine Sand - Station
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Simple Transport Example
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Time Series of Bed Elevation at a Single XS

©_WQ Time Series Plot - CG\Documents and Settings\Gibson\ My Documents\RAS\Sediment
File Options Help
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Water Quality




Yy |
— Water Quality (Temperature) Model

® Based on unreleased version of CE-QUAL-RIV1

® QUICKEST-ULTIMATE numerical scheme

m Finite Volume
m Variable grid size
m Automatic time step selection

® Full energy budget for Temperature

® Working with ERDC to use a common Nutrient Model




ol Meteorological Data Editor — Solar Radiation

|
—

Meteorological Region Data Editor

Add .. ‘ Copy ... | Delete | Rename...| Meteoralogical Region: |MetF’iegiDn1 ﬂﬂﬂ

Fieference Elevation {m): |40

Barametric Pressurel AirTemperaturel Humidily] Cloudiness i Short Wave Fadiation l Wind]

Selected Data Source
(" Read from D55

(" Time Series =
1 I
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45.44

Plot | Table |

Legend

Table Short Wave
Computed Short Wave

Time Zone

® Compute

Longitude: |123

Short Wav e Radiation (MWm2)

Mearest Standared bMe
120W Zone U [+

U_

1200 2400 1200 2400 1200 2400 1200 2400 1200
| 31Augd7 | 015ep1997 | 025ep1997 | 035ep1997 | 045ep1997
Date




Source/Sink Term for Temperature
(Energy Budget)

A
:.4. solar radiation (qsw) f (site location, time of day, day of year,
ryQ atmospheric turbidity, cloud cover)

net longwave radiation (gqlw) f (air temperature, water temperature)
sensible heat (gh) f (temperature gradient, wind, a&b)

latent heat (ge) f (vapor pressure gradient, wind, a&b)
qnet = qsw + qlwn + qh + qe

Planned:
 ground heat conduction

» shading (topographic, riparian)




Time Series Plots

. WQ Time Series Plot - C:\RAS\WQNet\SampleData\5acramento no lateral inflow Const Q\Sac_Test.wq03
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Plot of Energy Budget Terms

. 'WQ Profile/Schematic Plot - C:\RAS\WQNet\SampleData\Sacramento no lateral inflow Const Q\Sac_Test.wqg03
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Profile Plot of Temperature

- W0 Profile/Schematic Plot - C:\Ras\W(QNet\SampleData\Sac from Cindy\Sac_Test.daily.wq03
File Wiew Help

Files ... | Reaches ... | Profiles ... “ariables .. | “ariables 2| 4 045ep1937 1:2:00:00 ﬂ j Reload File

Plot | Table]
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> Legend
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