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1 Introduction

The Corp's Hydrologic Engineering Center River Analysis System (HEC-RAS) is designed to simulate one-
dimensional (1D) steady, unsteady flow. The latest release of HEC-RAS V6.0 also simulates unsteady two-
dimensional horizontal (2D) sediment transport, and bed change, sorting, and layering. Sediment transport is
computed with a non-equilibrium total-load formulation. The total-load transport equation is solved with
implicit Finite-Volume methods on the same unstructured polygonal mesh as the flow solver. Sediment
transport is coupled to the flow model at the time step level. One powerful feature of the 2D flow solvers is
that they use the subgrid topographic variations directly into the model thus improving the accuracy of the
solution and permitting the use of relatively coarse meshes resulting in reduced computational times. The
sediment transport model is designed to work within the subgrid framework of the flow model, and
computes subgrid erosion and deposition rates, bed elevations, gradations, and bed layering.

This document discusses how to utilize the 2D sediment user-interface, the model input and output, and
how-to setup and run a 2D sediment transport model in HEC-RAS. The document is intended as
supplemental to the 1D Sediment Users Manual as many concepts and features are covered in detail in that
document. Most of the 1D sediment capabilities are supported in 2D sediment and many new features have
been added to 2D sediment which are not available yet in 1D sediment. Some of the new sediment features
include variable density bed sorting and layering model, flocculation, consolidation, hiding and exposure
effects, multiple new transport potential formula. However, as a beta release, there are still several
computational and user-interface limitations and known issues including the inability to hot-start sediment,
the inability to couple 1D and 2D sediment, the inability to modify terrains based on computed bed change,
inability to visualize subgrid output directly in HEC-RAS, the inability to specify avalanching parameters in the
user-interface, and the inability to specify subsidense in 2D areas. Lastly, the 2D sediment transport feature
in HEC-RAS V6.0 is a beta feature and should not be used for design purposes.

1.1 Report Documentation Page

R

US Army Corps
of Engineers
Hydrologic Engineering Center

1.1.1 HEC-RAS
River Analysis System
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1.1.1.1 Two-Dimensional Sediment Transport User Manual

1.1.1.1.1 Version 6.1.0
September 2021

Approved for Public Release. Distribution Unlimited

REPORT DOCUMENTATION PAGE

Form Approved

Public reporting burden for this collection of information is estimated to average 1 hour per response,
including the time for reviewing instructions, searching existing data sources, gathering and maintaining
the date needed, and completing and reviewing the collection of information. Send comments regarding
this burden estimate or any other aspect of this collection of information, including suggestions for
reducing this burden, to Washington Headquarters Services, Directorate for Information Operations and
Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington, VA 22202-4302, and to the Office of
Management and Budget, Paperwork Reduction Project (0704-0188), Washington, DC 20503.

1. AGENCY USE ONLY (Leave 2. REPORT DATE 3. REPORT TYPE AND DATES COVERED
blank) September 2021 Computer Program Documentation

4. TITLE AND SUBTITLE
HEC-RAS Two-Dimensional Sediment User Manual

6. AUTHOR(S)
Alejandro Sanchez

5. FUNDING NUMBERS

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES)
US ARMY CORPS OF ENGINEERS

HYDROLOGIC ENGINEERING CENTER (HEC)

609 Second Street

Davis, CA 95616-4687

8. PERFORMING
ORGANIZATION
REPORT NUMBER
CPD-69

9. SPONSORING / MONITORING AGENCY NAME(S) AND
ADDRESS(ES)

10. SPONSORING /
MONITORING AGENCY
REPORT NUMBER

11. SUPPLEMENTARY NOTES

12a. DISTRIBUTION / AVAILABILITY STATEMENT
Approved for Public Release. Distribution is unlimited.

12b. DISTRIBUTION CODE
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13. ABSTRACT (Maximum 200 words)

14. SUBJECT TERMS 15. NUMBER OF
water surface profiles, river hydraulics, steady and unsteady flow, One-dimensional PAGES
and two-dimensional sediment transport, computer program

16. PRICE CODE

17. SECURITY 18. SECURITY 19. SECURITY 20. LIMITATION
CLASSIFICATION OF REPORT | CLASSIFICATIONOF | CLASSIFICATION OF | OF ABSTRACT
UNCLASSIFIED THIS PAGE ABSTRACT UNLIMITED
UNCLASSIFIED UNCLASSIFIED

1.1.2 HEC-RAS
River Analysis System

1.1.3 Two-Dimensional Sediment Transport User Manual

1.1.3.1 Version 6.1.0
September 2021

U.S. Army Corps of Engineers
Institute for Water Resources
Hydrologic Engineering Center
609 Second Street

Davis, CA 95616

(530) 756-1104
(530) 756-8250 FAX
www.hec.usace.army.mil’

1.1.3.2 River Analysis System, HEC-RAS

The HEC-RAS executable code and documentation was developed with U.S. Federal Government resources
and is therefore in the public domain. It may be used, copied, distributed, or redistributed freely. However, it is
requested that HEC be given appropriate acknowledgment in any subsequent use of this work.

HEC cannot provide technical support for this software to non-Corps users. See our software vendors list (on
our web page) to locate organizations that provide the program, documentation, and support services for a

1 http://www.hec.usace.army.mil
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fee. However, we will respond to all documented instances of program errors. Documented errors are bugs
in the software due to programming mistakes not model problems due to user-entered data.

This document contains references to product names that are trademarks or registered trademarks of their
respective owners. Use of specific product names does not imply official or unofficial endorsement. Product
names are used solely for the purpose of identifying products available in the public marketplace.

Microsoft, Windows, and Excel are registered trademarks of Microsoft Corp.

ArcView is a trademark of ESRI, Inc.

1.1.3.3 Terms and Conditions of Use:

Use of the software described by this document is controlled by certain terms and conditions. The user must
acknowledge and agree to be bound by the terms and conditions of usage before the software can be
installed or used. The software described by this document can be downloaded for free from our internet site
(www.hec.usace.army.mil?).

The United States Government, US Army Corps of Engineers, Hydrologic Engineering Center ("HEC") grants to
the user the rights to install the HEC River Analysis System (HEC-RAS) "the Software" (either from a disk copy
obtained from HEC, a distributor or another user or by downloading it from a network) and to use, copy and/
or distribute copies of the Software to other users, subject to the following Terms and Conditions for Use:

All copies of the Software received or reproduced by or for user pursuant to the authority of this Terms and
Conditions for Use will be and remain the property of HEC.

User may reproduce and distribute the Software provided that the recipient agrees to the Terms and
Conditions for Use noted herein.

HEC is solely responsible for the content of the Software. The Software may not be modified, abridged,
decompiled, disassembled, unobfuscated or reverse engineered. The user is solely responsible for the
content, interactions, and effects of any and all amendments, if present, whether they be extension modules,
language resource bundles, scripts or any other amendment.

The name "HEC-RAS" must not be used to endorse or promote products derived from the Software. Products
derived from the Software may not be called "HEC- RAS " nor may any part of the "HEC- RAS " name appear
within the name of derived products.

No part of this Terms and Conditions for Use may be modified, deleted or obliterated from the Software.

No part of the Software may be exported or re-exported in contravention of U.S. export laws or regulations.

1.1.3.3.1 Waiver of Warranty:

THE UNITED STATES GOVERNMENT AND ITS AGENCIES, OFFICIALS, REPRESENTATIVES, AND
EMPLOYEES, INCLUDING ITS CONTRACTORS AND SUPPLIERS PROVIDE HEC-WAT \"AS IS\" WITHOUT ANY
WARRANTY OR CONDITION, EXPRESS, IMPLIED OR STATUTORY, AND SPECIFICALLY DISCLAIM ANY
IMPLIED WARRANTIES OF TITLE, MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND NON-
INFRINGEMENT. Depending on state law, the foregoing disclaimer may not apply to you, and you may also
have other legal rights that vary from state to state.

1.1.3.3.2 Limitation of Liability:

IN NO EVENT SHALL THE UNITED STATES GOVERNMENT AND ITS AGENCIES, OFFICIALS,
REPRESENTATIVES, AND EMPLOYEES, INCLUDING ITS CONTRACTORS AND SUPPLIERS, BE LIABLE FOR

2 http://www.hec.usace.army.mil/
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LOST PROFITS OR ANY SPECIAL, INCIDENTAL OR CONSEQUENTIAL DAMAGES ARISING OUT OF OR IN
CONNECTION WITH USE OF HEC-WAT REGARDLESS OF CAUSE, INCLUDING NEGLIGENCE.

THE UNITED STATES GOVERNMENT'S LIABILITY, AND THE LIABILITY OF ITS AGENCIES, OFFICIALS,
REPRESENTATIVES, AND EMPLOYEES, INCLUDING ITS CONTRACTORS AND SUPPLIERS, TO YOU OR ANY
THIRD PARTIES IN ANY CIRCUMSTANCE IS LIMITED TO THE REPLACEMENT OF CERTIFIED COPIES OF
HEC-RAS WITH IDENTIFIED ERRORS CORRECTED. Depending on state law, the above limitation or exclusion
may not apply to you.

1.1.3.3.3 Indemnity:

As a voluntary user of HEC- RAS you agree to indemnify and hold the United States Government, and its

agencies, officials, representatives, and employees, including its contractors and suppliers, harmless from
any claim or demand, including reasonable attorneys' fees, made by any third party due to or arising out of
your use of HEC- RAS or breach of this Agreement or your violation of any law or the rights of a third party.

1.1.3.3.4 Assent:

By using this program you voluntarily accept these terms and conditions. If you do not agree to these terms
and conditions, uninstall the program and return any program materials to HEC (if you downloaded the
program and do not have disk media, please delete all copies, and cease using the program.)
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2 Hydraulic Best Practices for a 2D Sediment Model

Sediment models are often more sensitive to hydraulic modeling choices than fixed bed models. Adding
sediment to a hydraulic model that runs and generates reasonable results often exposes model problems
hidden by the robustness of the hydraulic equations or approximations that were sufficient for hydraulic
analysis but not for sediment modeling. Sediment modelers should consult the 2D hydraulics manuals to
help them construct an excellent, calibrated hydraulic model before they move on to a sediment simulation.
However, this section summarizes several of the hydraulic modeling best practices (and most common
mistakes) that will propagate into strong or poor sediment results.

+ Hydraulic Warm Up (see page 16)
+ Mesh Quality (see page 16)
Selecting a Time Step (see page 28)
«+ Diffusion Wave Scour Pattern (see page 30)

2.1 Hydraulic Warm Up

One of the most important hydraulic parameters for sediment modeling is the hydraulic warm-up period.
Unless the prototype starts dry and pushes a wetting front through the domain, it is essential to use a

hydraulic warm up period for the a 2D sediment model. A hydraulic model can often pass through a wetting
phase at the beginning of a simulation without affecting the final results (this is not best practice but can
produce acceptable results in some cases). If the sediment model runs without a warmup period, it will scour
as the wetting front initialized the model and bias the result.

HEC-RAS will only run hydraulics during the first half of the warmup period, and then will add sediment warm
up during the second half. Choose a warmup period that wets the mesh fully during the first half. HEC-RAS
does not populate a warmup period by default. Define this parameter by slecting *OptionsComputational
Options and Tolerances...* and selecting the 2D Flow Options tab.

Define the Initial Contidions Time (hrs) and the Ramp Up Fraction (the portion of the Initial Conditions Time
the model will take to gradually get up to the full warm up flows - often 0.1). Run the hydraulic model
(without sediment) to make sure this time is sufficient to reach an initial steady-state flow condition.
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1
EC-RAS Unsteady Computation Options and Tolerances |
General 2D Flow Options | 1D/2D Options | Advanced Time Step Control | 1D Mixed Flow Options }
[~ Use Coriolis Effects (not used with Diffusion Wave equation) ‘
Parameter (Default) Sloped Flume
1| Theta (0.6-1.0) 1
2| Theta Warmup {0.6-1.0) 1 |
3| Water Surface Tolerance [max=0.06]{m) 0.01 |
4| Volume Tolerance (m) 0.01 ‘
5| Maximum Iterations 20
6| Fouation Set Diffusion Wave
7| Initial Conditions Time (hrs) 10
8| Initial Conditions Ramp Up Fraction (0-1) | e
9| Mumber of Time Slices (Integer Value) 11
10| Turbulence Model None
11| Longitudinal Mixing Coeffident 0.5
12| Transverse Mixing Coefficient 0.1
13| Smagoarinsky Coeffident 0.05
14| Boundary Condition Yelume Check - r
15| Latitude for Coriolis (<30 to 90)
16 | Solver Cores All Available All Available
17| Matrix Solver Pardiso (Direct) Pardiso (Direct)
18| Convergence Tolerance
19 [ Minimum Iterations
20 | Maximum Iterations
21|Restart Iteration 0
22 |Relaxation Factor i3
SOR. Preconditioner Iterations i

oK. Cancel Defaults ...

Figure 1. HEC-RAS Unsteady Computation Options and Tolerances editor.

2.2 Mesh Quality

Although HEC-RAS can compute on highly irregular meshes, poor mesh quality will decrease the accuracy of
the numerical solution and can lead to poor convergence and numerical instabilities. Mesh quality affects
both the flow and sediment, but it is especially important when simulating sediment transport. Generating a
mesh is an iterative process and may require running simulations in order to identify problem areas or areas
which require their resolution adjusted in order to resolve the flow or sediment transport.

2.2.1 Mesh Alignment

With 2D flow and sediment transport, the HEC-RAS will produce better results if the mesh is oriented or
aligned with the flow. This reduces numerical diffusion and improved computational accuracy. In the
example below, a refinement region is used to increase the spatial resolution (25 ft) within the channel. The
refinement region allows for a more resolution within the channel while maintaining coarse resolution
outside of the channel, thus reducing the total number of computational cells and computational costs. The
refinement region also also aligns the channel banks which also improves the model results. However, the
issue with this approach is the that the cells are not aligned with the flow producing more numerical
diffusion. In addition, the regions in between the square or rectangular cells within the refinement polygon
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and the boundaries of the refinement polygon can have relatively irregular cells and relatively poor mesh
quality.

733
665
654
652
650
646
638
624

1 Example of a computational mesh with a simple refinement regions within the channel.

2.2.2 Aligning the Mesh with a Breakline

To improve the mesh alignment with the flow, a break line is inserted along the centerline of the channel as
shown in the figure below. The breakline is added with 6 repeat points and a 30-ft spacing.
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2 Example computational mesh with cells in the channel aligned with the direction of flow.

To "repeat points" right click on the break line in the RASMapper Tree and select Open Attribute Table.

9] B
0 x 0000000

E-[#] 2D Flow Areas

[w] Computation Paints
Breaklines
Refinement Regions
- [] Bridges/Culverts

H- [] Inline Structures

-[] Lateral Structures

o I pr O B R
il e

BC Lines
Manning's n

fu

- IF
f R

 Edit Tamain 3"

Layer Properties

Edit Geometry
Zoom to Layer

Remove Layer

Mowve Layer

Export Layer
Open Folder in File Explorer
Copy All Features

1 — O
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FID

Name

MNear Spacing

Mear Repeats

Far Spacing

Enforce 1 Cell
Protection Radius

BL1

0

»

BL2

0

6

4 4

Zoom to Selected I [ Only Show Selected Import Features |

Then specify the size of the aligned cell and the number of repetitions. Enforcing the protection radius can
cause awkward transitions between the aligned mesh and the original, orthogonal mesh. It is often useful
not to enforce the 1 cell protection radius unless the channel is bounded by a levee or other high ground you
need to resolve precisely.

When using breaklines around bends, the inside of the bend can have computational points which are very
close to each other. Similarly, the outside of bends have points spread too far apart. This areas may need
manual adjustment by inserting and removing points where necessary.
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When editing the mesh manually, it is often useful to turn on and off the computational edges and terrain in
order to identify gaps in spatial resolution, to identify small edges, and to align edges with the terrain
features and principle flow direction.

An example of how the corrected mesh with improved transitions areas is shown in the figure below.

2.2.3 Aligning the Mesh with a Refinement Region

Refinement Regions aligned in the direction of flow can also align cells with the flow direction, however,
these will often require some manual editing after enforcing the refinement. Refinement regions can be
more detailed or have the same cell spacing as the surrounding mesh.
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= Map Layers
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2.2.4 Identifying Poor Transition Areas and Adding Computational Points Manually

When creating a computational mesh, often the transition areas near refinement reaches or breaklines have
spatial resolutions which are coarser than the the neighboring areas. Below is an example of a
computational mesh which was generated by adding two breaklines; one following the channel centerline,
and one following a roadway embankment.
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At first glance the computational looks reasonable. However, the transition areas between the breaklines and
coarser parts of the mesh have some problem areas which can be easily identified by turning on the
computational points and turning off the edges (faces). The mesh edges can be done by right-clicking on the
2D Flow Area and selecting Layer Properties as shown in the figure below.

[=)- [V] Geomelries
[ 2D_Mesh
O
O

O

5 [¥] 2D FlpucAzeze

-0 p€|:§§ Layer Properties N

~[CJCAEm  Open Attribute Table

i Brl

=0 A ¢ Edit Geometry
[] Bridge
[ Inline
[ Latera Move Layer 4
[]sa20

12

Zoom to Layer

Export Layer >
[Jec Li. Open Folder in File Explorer

&
O
-

O Compute 2D Flow Areas Hydraulic Tables

O f& Plot Property Table »
O )
M 5 Find »

This will open the 2D Flow Areas - Layer Properties editor. In the section Additional Options select the
option Disable Mesh Edges.
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!ZD Flow Areas - Layer Properties (2D_Mesh) - a X

Visualization and Information | Features | Source Files |

Vector ~Addtional Options
. ; 5 ["] Mesh Face Numbers
™ Label Features with Attribute Column(s) &I [] Mesh Face Minimum Elevation
—Surface ["] Mesh Face Point Numbers
Sl [] Plot n Values
r = [ ~
................... \
Opacity: J 100°

Contours / Hillshade

[~ Plot Contours  Interval: |5 v Color:  n—
I” Plot Hillshade ~ Z Factor: - Edit

Copy Symbology | Paste Symbology | Reset Symbology |

Once the Computational Points are turned on the Mesh Edges turned off, the computational mesh should
look like this:

The poor transition areas are identified as holes in the computational points. These areas are highlighted
with ellipses in the figure below.
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The best way to fill in the "holes" in the computational points is to edit the mesh and add points manually.
This is done by right-clicking on the mesh and selecting Edit Geometry as shown in the figure below.

E] Geomeines
. @ []2D_Mesh
=-[¥] 2D Mesh Corrected

=-

=0

0

- [w] 2D Fl o=

Ej "D P S5 Layer Properties

C{ER Open Attribute Table

I B 1

S Edit Geometry N
B :i?idnf I& Zoom to Layer

-] Laters

Move Layer »

Next, add and move existing Computational Points so that the there are smooth transitions in resolution and
there are no gaps in resolution.
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2.2.5 Small Cell Faces

The HEC-RAS mesh generator has a tolerance for the Minimum Face Length. The Tolerance is the minimum
face length specified as a percentage of the distance between neighboring computational points. The default
value in versions 6.1 and earlier is 5%. This value is relatively small for sediment simulations and can lead to
reduced stability and also increases the computational time and memory. The figure below shows an
example of small faces produces by a Minimum Face Length Tolerance of 5%.

| | [

Small faces can be reduced by either manually nudging computational points or by increasing the Minimum
Face Length Tolerance. The value can be changed in RAS Mapper Options editor (see figure below on how to
open editor).

RAS Mapper
File  Project W‘ Help Debug
Selected Layer: ||#  Options.. [\

[] Features | iy Create Calculated Layer...
[[] Geomeine
[ ]EventCor %+ Create Multiple Maps...

["] Results
[JMapLayed| ¥ | Show Legend
[ Terrains 1F5 plot Tick Marks on Profile Lines

Q( Remove Missing Layers

The Minimum Face Length Tolerance is found in the Mesh Tolerances section of the Options editor (see
figure below).
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RAS Mapper Options X
Project Settings Mesh Tol
Projection
Minimum Face Length Tolerance (Percent): | 5=
General E
Render Mode I~ Verify Computation Point is within the Cell Boundary

Mesh Tolerances

Global Settings

General
RAS Layers
Map Surface Fill

Editing Tools

Restore Defaults I

oK | Cancel | pply |

For 2D sediment simulations, a Minimum Face Length Tolerance of about 15 to 25% has been found to work
well.

An example is shown in figure below where the red mesh correspond to a Minimum Face Length Tolerance
of 5% and the black mesh corresponds to Minimum Face Length Tolerance of 20%.
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2.3 Selecting a Time Step

2.3.1 Fixed vs Adaptive Time steps
The time step is the most common issue with 2D sediment models that do not run.

Modelers usually try to run the 2D sediment model with time steps that are too large. By default, the hydraulic
and sediment time steps are equal unless the user enters a Sediment Computation Multiplier larger than 1
(more on this later). There are two options for selecting a time step for the hydraulic model in HEC-RAS. The
first is a fixed time step. This option uses a constant time step throughout the simulation. This option is
useful for simple datasets including laboratory or analytical test cases. For most real-life cases, the user will
want to use the second time step option which is the adaptive time step. In this method, the time step is
adjusted so that the Courant number is always within a user-specified range. The Advanced Time Step
Control under the Unsteady Computation Options and Tolerances includes options for adaptive time steps
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that will change during the simulation. The option to Adjust Time Step Based on Courant is the most widely
used and is becoming standard practice for 2D modeling. Define a maximum and minimum Courant
condition and then the maximum halving or doubling steps allowed from the base time step, and the model
will compute the appropriate time step throughout the model

HEC-RAS Unsteady Computation Options and Tolerances

General ] 2D Flow Options ] 1D/20 Options  Advanced Time Step Control l 1D Mixed Flow Options

(" Fixed Time Step (Basic method) | 1 Second J
(v Adjust Time Step Based on Courant

Maximurm Courant: 1.
Minimum Courant: 0.5

Murnber of steps below Minimum before doubling: |4

Maximum number of doubling base time step: |8 IZEG-UD sec
Maximum number of halving base time step: |8 P-UD SEC
Courant Methodaology

f* Velodty/Length (face velodty = dt / cell to cell distance)
" Residence Time {cell outflow * dt / cell valume)

Modeling Note: The Computational Efficiency of Small Time Steps

It seems intuitive that smaller time steps generate larger run times. However, HEC-RAS will
iterate on each solution until it reaches an acceptable tolerance. Iteration is computationally
expensive and smaller time steps often iterate less. Therefore, selecting a smaller time step will
often reduce the number of iterations, leading to less additional run time than users often
expect. Inrare cases, a smaller run time can actually speed the model up by more-than-
compensating for the additional time steps by neutralizing iterations.

* The Implicit Finite Volume solver in HEC-RAS 1D and 2D is not Courant limited. So the Courant Condition is
more of a stability guideline and time-step selection support, than the hard limit it can be in other, explicit,
solvers. Therefore, modelers sometimes set their max Courant condition closer to 2, without introducing
computational issues or instabilities.
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HEC-RAS Unsteady Computation Options and Telerances

General | 2D Flow Options ] 1D/2D Options | Advanced Time Step Control l 10 Mixed Flow Options

5 Second

{" Fixed Time Step (Basic method)

i* Adjust Time Step Based on Courant

Maximum Courant:

Minimum Courant:

iRl

Mumber of steps below Minimum before doubling:

0 15.00 sec
2 |1.25 sec

Maximum number of doubling base time step:

Maximum number of halving base time step:

Courant Methodology
f* Velodty/Length (face velodty = dt / cell to cell distance)
("~ Residence Time (cell outflow * dt / cell volume)

It is important to mention that the current adaptive time step method does not consider any sediment
processes such as bed change in computing the time step. These will be added to HEC-RAS in future
versions through additional criteria.

2.3.2 Sediment Computation Multiplier

As briefly mentioned above, the user can specify a Sediment Computation Multiplier which determines the
number of hydraulic time steps computed within a sediment time step. The sediment Computation Multiplier
can often be used to significantly reduce model run times without significantly affected model results. For

more information on the Sediment Computation Multiplier see Sediment Computation Options and
Tolerances (see page 78).

2.4 Diffusion Wave Scour Pattern

Two-dimensional sediment transport usually does not perform well with the Diffusion Wave equation.

6| Equation Set |SWE-ELM (original ffaster) |
7| Initial Conditions Time (hrs) Diffusion Wave

3 | Initial Conditions Ramp Up Fraction (0-1) ELM (original /fa

9| Mumber of Time Slices (Integer Value)  |SWE-EM (stricter momentum)

2D sediment runtimes can be get long, so it can be attractive to select the Diffusion Wave equation to try to
reduce the runtime. However, 2D, Diffusion-Wave, sediment models often develop a distinctive pattern,
eroding a deep sub-channel and depositing in the rest of the channel. This is not a credible result. Most 2D
sediment transport models should be run with one of the Shallow Water Flow Equations (SWE).
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3 Distinctive sub-channel erosion common in diffusion wave 2D sediment models (red is erosion, blue is deposition). This is a numerical
aritfact of the interaction of the Diffusion Wave hydraulics with the transport algorithms. Switch to SWE.
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3 Sediment Data

2D sediment transport models in HEC-RAS require four files: an unsteady flow file, a geometry file, a
sediment file, and a plan file to tie them together. Sediment data should be specified after the geometry.
Some mandatory sediment parameters are specified spatially and thus require knowledge of the geometry. If
the geometry changes, the sediment data may need updates before it can run.

Sediment results are very sensitive to hydraulic results (e.g. roughness parameters and ineffective flow
areas). An HEC-RAS sediment model will not be robust or reliable if it is not built on a well constructed
hydraulic geometry (USACE, 1993, Thomas and Cheng, 2008). Before adding sediment data, test the
hydraulic model over the expected range of flows using the HEC-RAS Unsteady Flow Analysis option,
calibrating the bottom roughness and if necessary, the turbulence coefficients. It is recommended to identify
hydraulics model problems before adding the bed change complexity. Only add sediment data after crafting
a careful, robust, hydraulic model.

| This document focuses on the 2D sediment data. However, many of the 2D sediment parameters and
data inputs are the same as 1D. To enter sediment data, select Sediment Data from the Edit menu or press
the sediment data icon. The sediment data editor will appear as depicted in figure below. The sediment data
editor has four tabs: Initial Conditions and Transport Parameters, Sediment Boundary Conditions, the
USDA-ARS Bank Stability and Toe Erosion Model (BSTEM), and 2D Bed Gradations. The first two and last
tabs are mandatory for 2D simulations. The third (BSTEM) is only for bank process computations and is not
required for a sediment transport model.

W Sediment Data - u} X
File Options View Help

Initial Conditions and Transport Parameters I Boundary Conditions | USDA-ARS Bank Stability and Toe Erosion Model (BSTEM) I 2D Bed Gradations

River: = Transport Function: |Ackers-White - BeZEﬁne/Edlt Profile Plot  Cross Section Plot |

Reach: v Sorting Method: |Acﬁve Layer ~| i ﬂ
Number of mobile bed channels: |1 - Fall Velocity Method: |Soulsby v ) RS:
[[River[Reach| RS [1nvert|  MaxDepth | MinElev |  LeftSta Bed Gradation ! «LE| LB~| «Fe| rB-|
1 =

Elevation

Station -
Use Banks for Movable Bed | Interpolate Gradations | ¢ » |‘|

Description: |

Figure 1. Sediment Data editor.

+ Initial Conditions, Bed Materials, and Transport Parameters (see page 32)
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Associated Bed Gradation Templates with Bed Material Layers (see page 42)
Sediment Boundary Conditions (see page 43)

User-Defined Grain Classes (see page 48)

Cohesive Options (see page 51)

Transport Methods (see page 56)

Transport Function Calibration and Modification (see page 66)

2D Options (see page 67)

Bed Mixing Options (see page 72)

Bed Gradations (see page 75)

3.1 Initial Conditions, Bed Materials, and Transport Parameters

The Initial Conditions and Transport Parameters is the first tab in the Sediment Data editor and opens by
default when the editor launches. From this editor the user can specify the transport function, sorting
method, fall velocity method for the entire model. It is also used to specify sediment data for 1D cross-
sections. However, if the model does not include cross-sections, then that information may be left empty.

3.1.1 Transport Function

Select a Transport Function from the drop-down box near the top of the editor. HEC-RAS 6.0 includes the
following eleven transport functions:

—

Ackers and White (Ackers and White 1973; Day 1980; Proffitt and Sutherland 1983)
England and Hansen (Engelund-Hansen 1967)
Laursen-Copeland formula (Laursen 1968)

Meyer-Peter and Milller (1948)

Toffaleti (1968)

MPM-Toffaleti (Meyer-Peter and Miiller 1948; Toffaleti 1968)
Yang (sand and gravel eqgns.)

Wilcock and Crowe (2003)

Soulsby-van Rijn (Soulsby 1997)

van Rijn (1984a,b; 2007a,b)

11. Wu et al. (2000)

© v ® N o g M 0w D

—_

Modeling Note — Transport Function Sensitivity: Sediment transport functions simulate non-linear transport
processes and produce very different results. Model results are very sensitive to selected function. Carefully
review the range of assumptions, hydraulic conditions, and grain sizes for which each method was
developed. Select the method developed under conditions that most closely represent the system of interest
and calibrate results to actual bed change.
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Note: Transport Function Sensitivity

Sediment transport functions simulate non-linear transport processes and produce very different
results. Model results are very sensitive to selected function. Carefully review the range of
assumptions, hydraulic conditions, and grain sizes for which each method was developed. Select
the method developed under conditions that most closely represent the system of interest and
calibrate results to actual bed change.

3.1.2 Sorting Method

Transport functions compute transport potential without accounting for availability. The bed Sorting Method
(sometimes called the mixing or armoring method) keeps track of the bed gradation which HEC-RAS uses to
compute grain-class specific transport capacities and can also simulate armoring processes which regulate
supply. The Sorting Method drop down menu in the Sediment Data editor only applies to 1D sediment
transport. The 2D sediment transport model always uses a method similar to the Active Layer method for 1D
except that it can have any arbitrary number of layers. The active layer thickness is set equal to the D90 by
default or a factor of the D90.

Note: Sorting Method Model Sensitivity

Sediment transport results can be as sensitive to the sorting method parameters selected as the
transport function.

3.1.3 Fall Velocity Methods

The same sediment fall velocity formulas are available for 2D and 1D sediment transport. The options
include:

1. Rubey (1933)

2. Toffaleti (1968)

3. VanRijn (1993)

4. Report 12 (Default method in HEC-6)
5. Dietrich (1982)

6. Soulsby (1997)

7.

Wu and Wang (2006)

The fall velocity formula used to compute free particle settling velocity for both cohesive and noncohesive
sediments. Depending on the concentration and whether the user has selected flocculation, cohesive
sediments may also settle as flocs. Hindered settling of noncohesive particles may also be simulated if
selected by the user. In general, the fall velocity formula should not used as a model calibration parameter
for morphology change, since the results are not very sensitive to the formula. Preference for the formulas is
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generally based on the transport formula used, the range of grain classes, and/or the parameters utilized by
the fall velocity formulas. For example, the Wu and Wang formula takes into account the particle shape.

3.1.4 Bed Gradations

Bed gradations are specified in the same manner as for 1D models. Instead of requiring users to input
gradations for each cell individually, HEC-RAS uses a Bed Gradation Template concept similar to that in the
Channel Modification Editor. Sediment Bed Material Types are defined in a Sediment Bed Material Layer in
RAS Mapper. The Sediment Bed Material Types are regions defined as polygons in RAS Mapper in a
Sediment Bed Material Layer. The polygons can be overlapping to override regions. Sediment Bed Material
Layer Types are the associated to Bed Gradation Templates, Non-erodible Surfaces, or Bed Layer Groups
within the 2D Bed Gradations (Beta) tab of the Sediment Data editor. Bed Layer Groups consist of one or
more bed layers. Each layer is assigned a Bed Gradation Template or a Non-erodible Surface. The
connectivity between these elements utilized for specifying the sediment bed material are described in the
schematic below.

Bed Material

Non-erodible

Bed Gradation
Surface

Non-erodible
Surface

Bed Gradation

Figure 1. Bed Gradation Template editor.

Non-erodible surfaces are surfaces such as bedrock or structures which cannot be eroded. Non-erodible
surfaces may be associated with a Sediment Bed Material are specified within a Bed Layer Group. Non-
erodible surfaces are specified at computational cells and are not enforces at computational faces.

3.1.4.1 Defining Bed Material Layers in RAS Mapper

Users will associate bed gradations, layer groups, or non-erodible surfaces with Sediment Bed Material
Layers defined in RAS Mapper. In order to define gradations in the sediment editor, you must define
Sediment Bed Material Layers in Mapper first.

Sediment Bed Material Layers are independent of specific model geometries or terrains. Like n-value Layers
or Land Cover Layers (see 2D Hydraulic Manuals). Create new Sediment Bed Material Layers by right
clicking on the Map Layer node in RAS Mapper.

To Define Bed Material Layers, follow these five steps:

1. Create a New/Empty RAS Layer
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Import or Draw Polygons in the Created RAS Layer
Give the Polygon Classifications Sediment Material Names that will show up in the Sediment Editor

Go to Manage Geometry Associations and associate the Bed Material Layers with geometry files

o M DN

Associate each Bed Material Classification with a bed gradation, bed layers, or define it as a non-
erodible surface, in the 2D sediment editor.

Defining these bed material layers have two main workflows, which are not mutually exclusive. Users will
generally import a pre-existing shape file or draw overlapping polygons. Often users will do both, importing a

base bed material shape file, but then drawing in channel features, sand bars, and/or non-erodible features
on top of them as new layers.

Create a Sediment
Bed Material Layer

Importa " Draw a
Shape File ,L Polygon

= [ — i

Ba{@ Add Web Imagery Layer ... [ =

Ll pol [¥] Base¢ @ Add Web Imagery Layer ...

EM bﬁ e P 4 I g 22{ Create a New RAS Layer 4
! Te Create an Empty RAS Layer » d Create on Empty RAS Layer ; I
- Add an Existing RAS Classification Layer & [v] Terraint

Add an Existing RAS Classification Layer

Map Data Layers 4 Map Data Layers »

Figure 2. Crating a Bed Material Layer in RAS Mapper.

The Sediment Bed Material Layer will show up under the Map Layers tree in RAS Mapper.
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[55] RAS Mapper - O x
File Project Tools Help

Selected Layer: Sediment Bed Material

[=I- [] Features
I [ Profile Lines
- [#] Observed Data ®
[=I- [¥] Geometnies
I @[ Chippewa1D-Sediment-20190820
B-[J]20-2
- B 20-Med
I @[ HEC Edit
&1 [] Event Conditions
=[] Regults
| @ [F2013-2
¢ @[] 20-Mod-Sed-2018
(- [#] Map Layers
- [] Geogle Satellite
i @ [JMannings_n
- [] upstream_channel
- [] 2013Survey-5.BuffaloCo
[ 2018Survey-5. BuffaloCo
- [] 20195urvey-5.pepinfinal 1
-~ [] 20135urvey-5.Pocl04_Elev
[0 2019Survey-5.survey 7
- [] 20195urvey-5.wabasha
- [[] ezst_channel
[ =ast_channel2

E“!]Sedimenlﬁed" i

=1- ] Temams
- [#] Terrain

(1017638.59, 7B43316.80 1 pixel = 38.03 fi) 3 i 3 o

Figure 3. Sediment Bed Material Layer underlying a 2D mesh and in the RAS Mapper tree under Map
Layers.

Whether you create your Sediment Bed Material Layer by importing a shape file, creating polygons, or both,
there are two additional steps before the bed materials are ready for the sediment model.

Modeling Note - HEC-RAS Uses the Gradation at the Cell Computation Point

Sediment Bed Material Layers can be more detailed than the mesh. If a 2D cell includes multiple
sediment bed material layers, HEC-RAS uses the material type associated with the computation
point.
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RAS Mapper will create a Classification Polygons node under your map layer and will add a feature to the
geo-referenced database for each polygon you import or create. You will have to give each of these polygons
a (preferably descriptive) name which will show up in the sediment editor, where you will associate the
polygon(s) that share this classification with a Bed Material or Bed Layer Group.

Name the layer classifications by right clicking on the Classification Polygons node (in editable mode - | )
and selecting Layer Properties. Then select the Features tab and give each of the Layer Classifications a
Name that will show up in the Sediment Data editor.

- 5----C|asti-5!==liﬂﬂ-&|lm o - i Classification Polygons - Layer.. — O *

H - a=: =

- [#] Temains = r Properties

= o= laye pe Visualization and Information)  Features NSource Hlesl Raster Info I

Open Attribute Table

@ Stop Editing FID | Name

18]  Zoom to Layer

Remove Layer

Movwve Layer 3
4 Import Features From Shapefile
T Export Layer ’

[[7 Copy All Features Zoomto Selected | [ Only ShowS  Import Features |
T

Figure 4. Give the layer classifications names that will show up in the sediment editor under Layer Properties.

When the Sediment Bed Material Layer and Classifications are complete, Stop Editing and save.

Before these layers and classifications become available in the Sediment Data editor, however, they must be
associated with a geometry file. Just like n-values, Land Cover, and Terrains must be associated with a
geometry file, Sediment Bed Material Layer Groups must be matched to one-or-more geometries to connect
the Mapper classifications to the other files in HEC-RAS.

Right Click on the Geometries node in RAS Mapper and Select Manage Geometry Associations...
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E—

I [ Flun Manage Geometry Associations...
. 110 Add Mew Geometry
I [w] Slo

Select the Sediment Bed Material Layer that goes with each Geometry.

Manage Layer Associations X
RAS o
Type ae;;n:try Temain Manning's n Infiltration lr;mewious Sediment Bed Material Layer
100ft_Mod 100ft LI Mannings_n ﬂ {(None) LI (None) L" Sediment Materials LI
Results 100ft Sediment 100/ L’ Mannings_n (None) (None) Sediment Matenials

Close ‘

Figure 5. RAS Mapper Manage Layer Associations editor.

It is worth noting, that this associates the Bed Gradation Layers with the geometry, not the sediment file.
Sediment files depend on geometry files for some of their data structures (e.g. cross sections in 1D). The
sediment file will inherit the bed gradation layers and classifications from the active geometry file.

These layer classifications will become available in the 2D Sediment tab of the Sediment Data Editor (see the
2D gradation selection section (see page 42)).

3.1.4.2 Bed Gradation Templates

Bed Gradation Templates contain the sediment grain class sizes, grain fractions by weight, and optionally
bulk cohesive parameters. Users define sediment Bed Gradations Templates in a database with no spatial
data. They can be considered simply as a database of different sediment types. In many applications, Bed
Gradation Templates will correspond to individual bed samples taken in the project. Templates are created
and edited by pressing the Define/Edit Bed Gradation button, which will launch the dialog depicted in the
figure below.
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I N
[ Bed Gradaticn = | B S
View
! A3 e
Bed Gradation Template: |Coar5er Above Res ﬂ D Ten| # Enter Multiple Gradations in a Table... |
Class | diam (mm) % Finer 100- J
1|Clay 0.004 . Legend
2| VFM 0.008 ] Gradation Curve
3|FM 0,015 1
4[Mm 0.032 80
5|CM 0.0625
6| VFS 0,125 - k
7|Fs 0.25 0 o 607
B3| MS 0.5 8 T
9|C5 1 24 s ]
10|vcs z 34 40
11|VFG 4 50
12|FG 8 68 ]
13| MG 16 79 20
14|cG 32 85 ]
15(VCG 64 95
16(5¢ 123 g9 0 T —— T —— T ———
17|LC 256 100 0102 051 2 5 10 20 50100200
18|58 512
19|MB 1024 Grain Size {I'TIITI}
20 (LB 2048 J
(* oL Finer ¢ Grain Class % Convert: [ Set Sample Specific Cohesive Parameters
ofiner < —= %% OK | Close |
L A

Figure 6. Bed Gradation Template editor.

Multiple bed gradations may be entered for 2D sediment models in the same as for 1D sediment models.

To create a Bed Gradation Template, first create a new bed gradation template by selecting the New Bed
Gradation Sample button: and entering a name for the sample. (Alternatively, data for several different
Enter Multiple Gradations in a Table...

samples can be entered at once by clicking on the | button and entering

the data in the Multiple Bed Gradation Table.

The gradation of the bed sample can be input in either of two forms by toggling between the radio buttons at
the bottom of the form:

* % Finer: % Finer defines the sample using as a cumulative bed gradation curve with percent finer defined by
the upper bound of each grain class. The diameter listed for each grain class is the upper bound of that grain
class and values should be entered as percent values. (e.g. since this is specified in Percent Finer, 50%
should be input as 50 and NOT as 0.5)

« Grain Class Fraction/Weight: the sample fraction of each grain class is specified. These values will be
normalized so values do not have to add up to one or 100% and can be input as simple masses if preferred.
(e.g. if 20% of the sample is fine sand, input the value 0.2 or 20 as long as the rest follow that convention).
The upper and lower bound grain diameter is associated with each grain class to delineate the range of the
class.
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3.1.4.3 Bed Layer Groups

User specified Bed Layer Groups allow the user to specify vertical bed layers with different bed gradations

and different bulk properties. Bed Layer Groups are specified by selecting the button in the
main Sediment Data editor which will open the Define Gradation Layers editor (see the figure below).

B3 Define Gradation Layers - O X

Layer Groups: [SandLavers Ll D | 5 154 | By |
# of Layers: |3 Depositional Layer thickness (ft): I

Layer Thickness (ft) | Layer Gradation Template
0.1 Gravel
3 Sand
1/ Non-erodible surface

wra e

o |[Cory

Figure 7. Example of a Bed Layer Group definition in the Define Gradation Layers editor.

In HEC-RAS 2D sediment transport, the depositional layer thickness is not utilized. The parameter is only
utilized for 1D sediment transport.

The layer thickness specified for non-erodible surfaces is not actually used. Bed gradations are specified for
each computational cell. Faces do not have bed gradations and only bed elevations. All subareas within a
cell have the same Sediment Bed Material. Therefore, if a Bed Layer Groups is assigned to a cell, the bed
layers will be at different elevations for the different subareas. For example, the figure below shows a
computational which has been assigned a Bed Layer Group three layers. In the example below, the cell has
three subareas. The bed layers have the same thickness in each subarea but start at a different elevation.

>

Elevation

Area

Figure 8. Example of a Bed Layer Group assigned to a computational cell.
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3.2 Associated Bed Gradation Templates with Bed Material Layers

Once the user has created Bed Gradation Templates, and a Sediment Bed Materials Layer in RAS Mapper
these can be associated in the 2D Bed Gradations (Beta) tab of the Sediment Data editor.

After user defines the sediment Bed Gradation Templates, they are available in a drop-down pick list under
the Bed Gradation column of the Sediment Data grid. Clicking on a cell of the Bed Gradation column
generates a drop down list of the defined bed sample templates. A single bed sample is frequently
associated with multiple Sediment Bed Material Layers. Therefore, once selected; a sample can be easily
copied into multiple cells by placing the mouse pointer over the bottom right corner of the selected cell and
dragging vertically.

The drop-down list always includes all of the user specified bed gradations and layer groups as well as a
non-erodible option. If the Bed Material Layer represents a hard surface, engineered element (e.g. bank
protection, wing wall, bed rock, or river engineering element), selecting the non-erodible option will allow the
model to deposit on top of them, but not erode below the starting terrain surface.

A simple example of a dataset is shown below which only has one Bed Material Type and one Bed
Gradation. Simple datasets like this are most easily created by starting with an empty Sediment Bed
Materials Layer in RAS Mapper and creating polygons for different regions of different bed composition.
Each polygon corresponds to a Bed Material Type and can then be associated with a Gradation in the 2D Bed
Gradations tab of the Sediment Data editor.

W Sediment Data - 2D Sediment - a x
File Options View Help

Initial Conditions and Transport Parameters | Boundary Conditions | USDA-ARS Bank Stabiity and Toe Erosion Model (BSTEM)| 2D Bed Gradations (beta)

Description : |

Figure 1. Simple, single gradation, 2D sediment specification with one Bed Gradation associated with one
Bed Material Type.

A more complicated dataset is shown in the figure below for which the Sediment Bed Material Layer was
created by importing a shape file. The shape file defines the polygon types in RAS Mapper with integers, that
show up under Bed Material Type. The user then defined and associated bed gradations with these
Sediment Bed Material classifications. Users can rename these imported polygons under the *Layer
Properties-->Features* menu of the RAS Mapper Layer.
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W Sediment Data - Sediment-BedGradation - mi *
File Options View Help
Initial Condtions and Transport Parameters | Boundary Conditions | USDA-ARS Bank Stabiity and Toe Erosion Model (BSTEM) 2D Bed Gradations (beta) |
| Bed Material Type Gradation
1|sand Sand
2|82 MainCharnel
3|7 Gravel Bar
4|42 Non-erodible surface
_5| 52 Gravel Bar
6)43 Bank Materials
7|21 Floodplain
g8l22 Floodplain
9|23 Trib Gradation
10|55 Coarse Thahwveg Material
1190 MainChannel
12124 Floodplain
13[11 Hon-erodile surface
1451 [Coarse Thaiweg Material ~|
Sand
MainChannel
Gravel Bar
Floodplain
(Coarse Thalweg Material
Trib Gradaton
Bank Materials
Desription : |

Figure 2. More detailed bed material specification, where the Bed Material Layer was imported from a shape
file.

3.3 Sediment Boundary Conditions

The second tab on the Sediment Data editor defines sediment boundary conditions (see figure below). The
editor automatically lists external model boundaries. HEC-RAS requires a boundary condition at all external
boundaries. If any external boundary (i.e. boundary condition line) is left unspecified, then an equilibrium
sediment load boundary condition is assumed. The types of boundary conditions which may be specified in a
2D sediment model are:

1. Rating curve

2. Sediment load series

3. Equilibrium load

4. Clear water (no sediment)
5. Capacity Ratio

The other boundary condition options available from the interface (which are mosty associated with 1D flow
splits) are not allowed at 2D sediment transport boundaries. Only inflow sediment boundary conditions are
required. When the model computes flow out of the domain the sediment can simply leave the domain. At 2D
boundaries that where flux is always out of the domain, users can select the equilibrium boundary condition
may or simply leave the sediment boundary condition empty. Any boundary condition lines left empty are
assigned an Equilibrium Load boundary condition. This is necessary so a boundary condition type is
available if the flow were to reverse direction even locally during the simulation.
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W/ Sediment Data - - [m} X

File Options View Help
Initial Conditions and Transport Parameters | USDA-ARS Bank Stability and Toe Erosion Model (BSTEM) I 2D Bed Gradations

Select Location for Sediment Boundary Condition

Add Sediment Boundary Location(s) | Delete Current Row | Define Sediment Split at Junction... I

Sediment Boundary Condition Types

Rating Curve l Sediment Load Series | Equilibrium Load | Capacity Ratio I Clear Water (no Sed)

Flow WtdSed Spit | Potental wtd Sed spit|  GCThvesholdspit | sedspitbycc |

Description : _, |

Figure 1. Boundary Conditions tab in the Sediment Data editor.

3.3.1 Rating Curve

The rating curve specifies the sediment load in tons/day or sediment concentration in mg/l as a function of
flow discharge. The fractional composition of the incoming sediment load is specified for each grain class.

The fractional loads are then specified to each cell using the cell sediment capacity as a weighting function.
For 2D sediment transport, the user has the option to no specify the fractional bed-load composition. In this
case, the cell sediment capacities (equilibrium concentrations) are used to compute the fractional sediment
loads at each cell. This option is useful when the rating curve sediment gradations are not known.

Rating Curve for Upstream

Number of flow-oad points IZ sets vl

Flow (cfs) -
Total Load (tons/day) E

Clay
VFM
FM
MM
CcM

CG
VCG

SC LI

[~ Define Diversion Load (+ Load (" Concentration Con:<w>Load| Flot ... | OK | Cancel |

Figure 2. Sediment Rating Curve editor.
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3.3.2 Sediment Load Series

The Sediment Load Series boundary condition specifies the sediment load in tons per time increment (see
figure below). The sediment gradation may be specified with a Gradation Rating Curve or if this data is left
empty, the gradation is determined by weighting the local (cell) equilibrium sediment loads. The Gradation
Rating Curve specifies the gradation of the inflow sediment as a function of total load in tons/day. It is
important to keep in mind that any grain specified in the gradation curve is automatically added to the
computed grain classes.

B3 sediment Load Series - [m] X

Select/Enter the Data's Starting Time Reference 1
* Use Simulation Time: Date: P1apr2015 Time: P40

" Fixed Start Time: Date: | Time: I

(% Enfer Table
" Read Load From DSS

Manual Entry | pss |

Sediment Series Gradation Rating Curve

No. Ordinates | Interpolate Values | Trport D | DelRow | InsRow | Numoer of flondoadpoints 2 sets =
Simulation Elapsed Sedi Total Load (tons/day)
Time Time Duration Load _|Cay (0.002-0.004)
(hours) | (hours) (tons) VFM (0.004-0.008)

1 |o1apr2019 2400 P (0.008-0.015)

2 |o1apr2015 2400 MM (0.016-0.032)

3 |01Apr2013 2400 CM (0.032-0.0625)

4 |o1apr2019 2400 VFS (0.0625-0.125)

5 |o1apr2019 2400 FS (0.125-0.25)

6 [o1Apr2019 2400 M5 (0.25-0.5)

7 |o1apr2019 2400 S (0.5-1)

8 |o1apr2019 2400 VCS (1-2)

9 |01Apr2019 2400 VFG (2-4)

10 |o1Apr2019 2400 FG (4-8)

11 |o1apr2019 2400 MG (5-16)

12 |01Apr2019 2400 CG (16-32)

13 |01Apr2019 2400 VCEG (32-64)

14 |01apr2019 2400 _|SC (64-128)

15 |o01apr2019 2400 LC (128-255)

16 |01Apr2019 2400 _| S8 (256-512)

17 |o01apr2019 2400 MB (512-1024)

18 |01Apr2019 2400

19 |01Apr2018 2400

20 |o1apr2019 2400

21 |01Apr2019 2400

22 101Apr2019 2400

23 |01Apr2019 2400

24 101Apr2019 2400

25 |01Apr2019 2400

26 |01Apr2019 2400

27 |01Apr2019 2400

2a Tnsamnin mann

Figure 3. Sediment Load Series editor.

3.3.3 Equilibrium Load

The Equilibrium Load boundary condition specifies the inflow sediment load as the equilibrium sediment
load. The equilibrium sediment load is computed as the equilibrium sediment concentrations at the boundary
cells times the face flows. This approximation essentially assumes a zero-gradient concentration normal to
the boundary. The equilibrium boundary condition should be used whenever data is not available or when
first setting up a model in order to quickly get simulation results or to compare results from other boundary
condition types which may be suspect.
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3.3.4 Clear Water

The Clear Water boundary condition specifies a zero load/concentration at the boundary. This boundary is
not very commonly used except for very specific situations.

3.3.5 Capacity Ratio
The Capacity Ratio boundary condition specifies a load/concentration at the boundary which is a ratio of the
equilibrium load/concentration. This boundary condition is a generalization of the equilibrium boundary

condition and is useful for over-loading or under-loading a boundary when there is not much sediment data
available.

3.3.6 Unsteady Temperature
Temperature is the only data the unsteady flow editor required for sediment transport analyses. Specify

temperature for an unsteady sediment transport model in the Unsteady Flow Editor. Select the Water
Temperature (for Unsteady Sediment)... option from the Options menu (see figure below).
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A Unsteady Flow Data
File Options Help

- O X

Desa Delete Boundary Condition(s) ... J apply Data |
Ron DSS Pathname Summary Table ...
. Boundary Condition Names ... —
= Internal RS Initial Stages ... dr. | Ptating Tl
__ Flow Minimum and Flow Ratio Table ... nflow | | Groundwater Interflow
Observed (Measured) Data ms I 1B Stage/Flow
Ji Water Temperature (for Unsteady Sediment) ... I} @ _E
[ | Old River Diversion Adjustment ...
AddRS ... ] Add SAJ20 Flow Area .., ] Add SA Connection ... | Add Pump Station ... |

Figure 4. Opening the Unsteady Temperature editor from the Unsteady Flow Data editor.

The Unsteady Temperature time series editor, is similar to the unsteady flow and stage editors (see figure
below). In the absence of temperature data in the unsteady flow file, HEC-RAS will assume 55.4°F. The water
temperature is used to compute the water kinematic and dynamic viscosities, and the water density which

are then used by the sediment transport model.
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Water Temperature

Water Temperature

" Read from D55 before simulation e e and B3
File: I
Path: I
* Enter Table Data time interval: |1 Day "I
[~ Select/Enter the Data's Starting Time Reference
" Use Simulation Time: g Time:
(% Fixed Start Time: Date: |28AUGZOZO ;lﬁme: 0000
No. Ordinates | Interpolate Missing Values I Del Row | Ins Row |

Date Simulation Time Water Temperature
(hours) )
1 27Aug2020 2400 00:00 55.4
2 28Aug2020 2400 24:00 54.91
3 29Aug2020 2400 48:00 54.83
4 30Aug2020 2400 72:00 54.74
5 31Aug2020 2400 96:00 54.65
6 015ep2020 2400 120:00 54.75
7 025ep2020 2400 144:00 54.64
8 03Sep2020 2400 168:00 54.39
9 045ep2020 2400 192:00 54.23
10 055ep2020 2400 216:00 54.2
11 065ep2020 2400 240:00 54.15
12 07Sep2020 2400 264:00 54.16
13 085ep2020 2400 288:00 54.33
14 095ep2020 2400 312:00 54,55
15 105ep2020 2400 336:00 54.81
16 11Sep2020 2400 360:00 54.92
17 125ep2020 2400 384:00 55.1
18 135ep2020 2400 408:00 55.12
19 145ep2020 2400 432:00 55.16
20 155ep2020 2400 456:00 b
Plot Data 0OK Cancel

Figure 5. Specifying a temperature time series.

3.4 User-Defined Grain Classes

HEC-RAS divides the sediment material into multiple grain classes. Default grain classes sub-divide the
range of transportable material, (0.002 mm to 2048 mm) into 20 grain classes or bins, each including
adjacent, non-overlapping fractions of the grain size spectrum. Default grain classes follow a standard log
base 2 scale where the upper bound of each class is twice its lower bound, the upper bound of the smaller,
adjacent class. The gain class represents all particles they contain with a single, representative grain size.
HEC-RAS uses the geometric mean of the grain class to represent the grain size for each bin. Grain

boundaries (and labels) are editable.

The user may change the size range for the grain classes by going to the Sediment Data editor and selecting
Options | User Defined Grain Classes... (see figure below).
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View Help

Set Cohesive Options ...

Bed Change Options (Mew]...
Transport Methods..,
Calibrate Transport Function...

R

1

20 Options
Mon Mewtonian...

[

Figure 1. Opening the User Defined Grain Classes editor from the Sediment Data editor.

In the User Defined Grain Classes editor (see figure below), the user may change the diameter limits, names
of the grain classes, and sediment properties including the Specific Gravity (SG), Porosity, dry Bulk Density
(BD). The label (name) for each grain class may be changed in the table. The labels are used in the sediment
output to identify variables associated with each grain class such as fractional concentrations and particle
fall velocities. It is important to note that for 2D sediment transport, not all the grain-classes in the User
Defined Grain Classes editor are actually used by the model. Only the grain classes which exist in the
Sediment Bed Gradations and/or the sediment boundary conditions are used. This saves computational
time and memory since only the grain classes which exist in the 2D domains are used. Therefore, the number
of grain classes in 1D and 2D sediment may be different.

B3 Define Grain Classes and Sediment Properties - X

Class Label ] Min | Max J Mean | 5G | BD ] Coh? | De
1|Clay 0.002 0.004 0.003 2.65 0.82 430 1 1
2|VFM 0.004 0.008 0.0086 2.65 0.61 1041 1 1
3|FM 0.008 0.016 0.011 2.65 0.61 1041 1 1
4 MM 0.016 0.032 0.023 2.65 0.61 1041 1 1
5|CM 0.032 0.06825 0.045 2,65 0.61 1041 1 1
6| VFS 0.0625 0.125 0.088 2.65 0.3 1489 0 1
7|FS 0.125 0.25 0.177 2.65 0.3 1489 0 0.4
8[(M5 0.25 0.5 0.354 2.65 0.3 1439 0 0.09
9|CS 0.5 1 0.707 2.65 0.3 1489 0 0.09
10{vCs 1 2 141 2.65 0.3 1489 0/ 0.09
11|VFG 2 4 2.83 2.65 0.3 1439 0 0.09
12|FG 4 8 5.66 2.65 0.3 1439 0 0.09
13| MG 8 16 11.3 2.65 0.3 1439 0 0.09
14|CG 16 32 22,86 2.65 0.3 1439 0 0.09
15|VCG 32 64 45.3 2.65 0.3 1489 0 0.09
16(SC 64 128 90.5 2.65 0.3 1489 0 0.09
17|LC 128 256 131 2.65 0.3 1439 0 0.09
18(5B 256 512 362 2.65 0.3 1489 0/ 0.09
19| MB 512 1024 724 2.65 0.3 1489 0 0.09
20|LB 1024 2048 1448 2.65 0.3 1439 0 0.09

Currently Default

|

Density Method | Bulk Density (All Classes) | Defaults

[~ Enforce Adjacent-Mon-Overlapping Grain Classes and Geometric Mean OK |

Figure 2. User Defined Grain Classes editor.
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The grain size classes can be viewed as analogous so the grid resolution. When initially setting The table
below shows typical specific gravity ranges for different common minerals and rocks.

Table 1. Specific gravity ranges for different minerals and rocks.

Material Specific Gravity
Quartz 26-27
Limestone 26-28
Basalt 27-29
Magnetite 3.2-35
Coal 1.3-1.5

The grain specific gravity should not be used as calibration parameter. It is a parameter of the sediment
particles and should be specified as accurately as possible. However, in general the results are generally not
very sensitive to the specific gravity for natural sediments in rivers.

3.4.1 Density Methods

The Density Method refers to the methods used to specify the grain class dry density/porosity/unit weight:

1. Bulk Density (All Classes)
2. Porosity (All Classes)
3. UW-Cohesive/Porosity-Cohesionless

The default Density Method is Bulked Density (BD). To specify a different Density Method, the user may
select one of the options in the drop down menu as shown in the figure below.

B2y i el Bulk Density (All Classes)

J Bulk Density (All Classes)
[ Enforce Adja|Porosity (All Classes)
W -Cohesive fPorosity-Cohesionless

eometric Mean

Figure 3. Selecting the Density Method in the Define Grain Classes and Sediment Properties editor.

Depending on the choice selected the appropriate columns will be enabled or grayed out in the User-defined
Grain Classes editor. If the Bulk Density method is selected the BD (for dry bulk density) column is enabled.
The program computes a grain class porosity from the specific gravity (column labeled SG) which may not
be the same as the values in the grayed-out porosity (column labeled n). If the Porosity (All Classes) method
is selected, the specific gravity and porosity columns are enabled. The program internally computed a dry
bulk density from the specific gravity and porosity, which may not be the same as that which is displayed in
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the editor. The last option is the UW-cohesive/Porosity-Cohesionless method. In this method the dry bulk
density is specified for cohesive grain classes, and the porosity is specified for the cohesionless
(noncohesive) grain classes.

The treatment of the dry bulk density in HEC-RAS 2D sediment is different from that of HEC-RAS 1D. In 2D
the bulk density is treated as a property of the sediment mixture and there is not always a one-to-one
relationship between the grain class fractions and the bulk density. This is necessary to simulate processes
such as packing and consolidation.

If all the utilized grain class (cohesive and noncohesive) have the same bulk density and consolidation is not
enabled, a constant bulk density is assumed, which significantly simplifies the computations. If the specified
bulk densities or porosities for the noncohesive grain classes are variable, a variable bed density model is
utilized with the bed porosities calculated from the Colby (1963) formula. The variable bed density model is
more computationally expensive because it requires several more calculations and steps during the
simulation. If the dry densities or porosities are left empty, then the Wooster et al. (2008) porosity formula is

utilized based on the sediment sorting. Dry densities generally vary between 300 to 1,600 kg/m?.

3.5 Cohesive Options

Most of the sediment transport equations were developed with sand and/or gravel data. Therefore, most silt
and all clay particles are outside of the range of applicability of the sediment transport functions
implemented in HEC-RAS. In most systems, these particles are wash load, material only found in the bed in
trace amounts, because transport capacity always exceeds supply. Some modelers will just ignore fines as
throughput load, arguing that if fines never interact with the bed in the model reach, the model is insensitive
to them and they add unnecessary complexity and parameters to the model. However, sometimes fines must
be modeled explicitly. In reservoirs and other backwater or low energy zones, silt and clay can deposit and
clay lined channels, both natural and engineered, can erode, causing local and downstream problems.

Fine sediment transport is further complicated by electrostatic and electrochemical forces. These particles
are not just outside of the empirical range of the equations, but they often erode and deposit by
fundamentally different processes. These forces cause fine particles, particularly clay, to flocculate and
"stick" to the bed surface, so that fine erosion and deposition are often not primarily functions of sediment
size. These processes make fine deposition and erosion fundamentally different than the cohesionless sand
and gravel transport.

In HEC-RAS, the cohesive options can be set by selecting Set Cohesive Options... under Options menu of the
Sediment Data editor (see figure below).

W Sediment Data - Run6_VR

File  Opticns  View Help

Tritiz User Defined Grain Classes ...
Set Cohesive Options ..
Bed Change Options (Mew]... %
Transport Methods..,

Calibrate Transport Function...

M Tm
Figure 1. Opening the Cohesive Options editor from the Sediment Data editor.

The Cohesive Options editor is shown in the figure below. The editor allows the user to select how the
erosion is computed for cohesive sediments.
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3.5.1 Erosion Parameters

HEC-RAS includes three cohesive erosion methods; applying the standard transport equations, or two
different implementations of the Krone and Partheniades approach. In HEC-RAS 2D sediment transport, the
HEC 6T Capacity Method is not available. When utilizing the 2D sediment transport model, it is generally not
recommended to use the transport functions for the cohesive grain classes, especially clay. If the cohesive
grain classes represent a very small fraction of the bed gradation, then it is better to simply remove them
from the bed gradation then it is better to model them as cohesive.

(3 Cohesive Options X

{* |Jse Selected Transport Functions for All Grain Sizes

(" |se Krone/Partheniades for Clay and Silt Size Fractions

(" |se Krone/Partheniades (HEC 6T Capacity Method)
Erodibility Parameter Type: [y

Particle Erosion Mass Wasting Erosion

—
—

Threshald T, (Pa) T o (Pa)

i

Slope of the
Erosion Rate
Curve

(M)

five S

(Nfm2hr) Y (Mfm2 hr)

Erosion
(N/m?/hr)

Deposition
(N/m?/hr)

[ Use Effective Depth (De) for Cohesive Settling | Flocculation (2D Only) ==

0K Cancel

Figure 2. Cohesive Options editor.

The treatment of cohesive sediments and mixtures of cohesive and noncohesive sediments is slightly
different for HEC-RAS 1D and 2D. HEC-RAS 1D considers the smallest five grain classes 'fine sediment'. HEC-
RAS 1D applies the same cohesive erosion method selected to these grain classes. By default, the first five
grain classes are the clay and silt classes, and are all finer than 0.0625 mm. However, if the user edits the
diameters sizes for these, the cohesive erosion methods will still apply to the first five grain classes,
regardless of their size. HEC-RAS 2D has diameter thresholds that determine whether a grain class forms
flocs and behaves cohesively on the bed. The reason for having these separate thresholds is to allow for the
erosion to be calculated with the user-selected transport function while still allowing fine grain classes to
form flocs. The upper threshold for grain classes to form flocs is 0.0625 mm. The size tolerance for grain
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classes are behave cohesively on the bed is either set to 0.0 mm if the Use Selected Transport Functions for
All Grain Sizes option is selected or 0.0625 mm if the Krone/Partheniades formulas are selected.

In HEC-RAS 1D if more than 20% of the active layer is cohesive, then the model considers the sediment active
layer as cohesive and computes the erosion for all grain classes using the cohesive method. However, in 2D
the erosion of mixed cohesive/noncohesive sediments is computed

Ariathurai (1974) parameterized Partheniades (1962) results into a formula with an erosion rate coefficient
M and critical shear for erosion tc. M and tc include the stochastic nature of both the sediment bed
composition and surface and the bed shear stress. The critical shear for erosion is usually in the range of 0.2
to 0.8 Pa, while M is usually in the range widely from 0.01 to 50 Pa/hr (Winterwerp and van Kesteren 2004).
Dahl et al. (2018) obtained good results in simulating the lower Mississippi river using tc = 0.02 Ib/ft2, tmw =

0.04 Ib/ft2, M = 0.05 Ib/ft2/hr, and M = 0.03 Ib/ft%/hr.

3.5.2 Flocculation

The settling velocity of cohesive particles is computed using a flocculation settling velocity. The flocculation
settling velocity takes into account the formation and destruction of flocs as a function of the sediment
concentration. HEC-RAS has two methods for estimating the settling velocity of flocs (see figure below). The
first is the method of Hwang (1989). The method represents the settling velocity as 4 separate zones: (1)
free settling, (2) flocculation, (3) hindered settling, and (4) negligible settling. The method requires 4
empirical coefficients.

Floculation Method: |N.;.|-,E j

Hwang {1989) Floculation ot L0 ]
B b | m | n |

Figure 3. Selecting the Hwang (1989) floc settling velocity formula.

Example coefficient values for the Hwang (1989) formula are shown in the table below.

Table 1. Example coefficient values for the Hwang (1989) formula from literature.

Reference Location a b m n
Krone (1962) San Francisco Bay, CA 0.048 25.0 1.00 0.40
Owen (1970) Severn River, UK 0.100 10.0 1.30 1.0
Nichols (1984) James River, VA 0.039 3.8 1.32 1.52
Hwang (1989) Lake Okeechobee, FL 0.080 3.5 1.88 1.65
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Costa (1989) Hangzhou Bay, China 0.100 6.20 1.60 1.20
Marvan (2001) Ortega River, FL 0.160 4.50 1.95 1.70
Ganju (2001) Loxahatchee River, FL 0.19 5.80 1.80 1.80

The second method available to estimate the floc settling velocity is a user-specified Flocculation Curve. The
Flocculation Curve defines the settling velocity as a function of the suspended sediment concentration. An
example of a user-specified flocculation curve is shown in the figure below. The free-particle settling velocity
is used when it is higher than the user-specified fall velocity for concentrations less than the concentration at
the peak settling velocity. When the concentration is high than the maximum concentration specified in the
flocculation curve, the settling velocity corresponding to the maximum concentration is used.

X

Floculation Method: ConcFall Vel LI

Hwang (1983) Flaculation C

a b

User Spedfied Floculation Curve:

Concentration Fall Velodty

ma,L mm,s
100 0.01
200 Q.02
3000 0.1
4000 0.08
2000 0.01

5 |eo|o|u|o]w]s|e]|m]=]-

Figure 4. Specifying a floc settling velocity as a function of suspended sediment concentration.

In addition to taking into account the sediment concentration, HEC-RAS corrects the floc settling velocity for
the water temperature by applying a correction which is a function of the water dynamic viscosity. This
assumes that the user-specified curve and the coefficients in the Hwang method correspond to a standard
water temperature of 55.4°F.
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3.5.3 Consolidation

Consolidation curves are developed for a specific bed material. Since HEC-RAS only allows the user to
specify one consolidation curve, a representative consolidation curve is used for the all of the modeling
domain. It is assumed that the consolidation curve was developed for cohesive sediments. Until more than
one consolidation curve is added to HEC-RAS a simple correction is computed to account for the presence of
noncohesive sediments which can significantly affect the consolidation curve.

250

n
o
o

150 +

100

Dry Bulk Density (kg/m 3)

50: | N | N | 2 L A L
10° 10° 10 102 10° 10* 10°
Time (day)
Figure 5. Example consolidation curve of dry bulk density as a function of time.

3.5.4 Kdvs M

HEC-RAS uses two different version of the excess shear equation for cohesive erosion: the dimensional (Kd)
form and the "dimensionless" (M) form.

3.5.4.1 The Dimensional Form (Kd)

In the dimensional form of the excess shear equation, the erosion coefficient (Kd) is the ratio of the erosion
rate to the excess shear stress (e.g. the difference between the bed shear stress and the critical shear
stress). It is the slope of the shear-erodibility relationship, normalized by the shear stress.

This is called the "dimensional” form, because the excess shear term has shear stress units, giving the
erodibility coefficient units (Mass/Force-time) that are not entirely intuitive.

What are the units of k,

E = (Tb — Tc)

Mass Force

Area = time Area
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3.5.4.2 The Dimensionless Form (M)
The alternate form of the excess shear equation normalizes the excess shear component by the critical
shear stress, making it unitless. This makes the equation a little less intuitive but gives the erodibility

coefficient (M) the same units as the erosion rate, which makes this parameter more intuitive and easier to
communicate.

What are the units of M

E — (Tb _ Tc)

Tc

(Unitless)

Mass
Area = time

3.5.4.3 Relationship Between M and Kd

You can convert between the dimensional and dimensionless forms of this equation by multiplying or

dividing by %/ such that:

E=ky(ty —t) () =|ka T¢ Lot

T
TC TC

Therefore, you can convert between M and Kd by multiplying or dividing by the critical shear stress:

M: TC =K

Tc

3.6 Transport Methods

The Transport Methods give you several parameters to influence the Advection-Diffusion sediment transport
equation:
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Total-load Transport Equation

/- Grain class
Fi:Water depth
C, : Total-load concentration

General 2D Computational Options |

B, :Total-load correction factor Transport
U - Current velocity Advection Scheme: I Exponential 3
g, : Total-load diffusion coefficient Sediment Matrix Solver: |PARDIS-O ;l
E, - Total-load erosion rate - L .
D, :Total-load deposition rate = Ii'
F
Advection

0 (hC

V. (hUC)

—V.(

2D Methods:
[ #D Paameters | [Esos |
Adaptation Coefficent
Total Load Total Length =
TotalLength: 200 I

Suspended Adaptation Coefficient; | ~0nstar

Bed Load Adaptation Length

Erosion/Deposition

E—D

Diffusion

ehVC() +

ot \[B]

Temporal/
Storage 4

2D Methods:
AD Parameters '] Erosion Parameters W

Load Correction Factor

W Totakload Corection Factor (Relative Particle Vel)

Bed-Load Comection Factor: | Van RinWu |

Suspended-Load Conection: |Exponential Cone Profle |

A A

Diffusion Coefcient

Susp Diffusion Method:

Total-Load Diffusion Method: |\Weighted Suspended and Bedloac LI

Bed Load Diffusion Method:

‘ Dynarmic LI
N
‘ Dynamic j

c

The Transport Methods editor is where the user may select the parameters and values for several transport-
related variables. These include the Load Correction Factor, Diffusion Coefficient, and adaptation
parameters. To open the Transport Methods editor, open the Sediment Data editor, and select open the
Options menu and select Transport Methods... (see figure below).

W Sediment Data - Run6_VR

File | Options | View Help

Triii User Defined Grain Classes ...
Set Cohesive Options ...
Bed Change Opticns (Mew]...
Transport Methods...
Calibrate Transport Function.

[ To

A

4 Open the Transport Methods in from the Options menu of the Sediment Data editor.

3.6.1 Load Correction Factor (Relative Particle Velocity)

The load correction factor (beta) is - essentially - the relative velocity of the sediment particles. The value
varies from 0 to 1, as a fraction of the flow velocity (e.g. beta=1 means that the sediment moves at the
velocity of flown whild beta=0.1 means that the water velocity is 10X the sediment velocity).
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Temporal/
Storage Term

d (hC
ot \[B

y

2 ':;h::a,.gte" ] Eroslonpamnetets] 0 < ﬁ tk g 1

Load Correction Factor

Erosion and
Diffusion Term Deposition Terms

+|V - (hUC)|=V - (€hVC) +[E =D

Advection Term

[ Totaload Conection Factor (Relative Particle Vel) o .
Because this is in the temporal term, the model will be

Bed-Load Canection Factor. [Van R - o . . .
Commatsiaiey [ et more sensitive to it when flow conditions change rapidly.
Suspended-Load Comection: [W

Modeling Note: Particle Velocity Range and Sensitivity

This term influence results more if concentrations are changing dynamically. Slow changing
systems or quasi-steady models will not be sensitive to this parameter.

Because B is a relative velocity, it should not be more than 1 or less than 0 (because sediment
does not generally travel faster than water or in the opposite direction).

HEC-RAS 2D sediment transport has the option to approximate the current velocity and concentration
profiles with approximate semi-analytical profiles, as well as to utilize an empirical formula for the bed-load
velocity (see figure below). If these options are enabled, a load correction factor is included in the temporal
term of the transport equation (i.e. advection-diffusion equation). The load correction factor accounts for
non-uniform vertical profiles of the concentration and current velocity as well as the bed-load velocity. Since
most of the sediment concentration is typical near the bed where the current velocities are slower, the load
correction factor is generally less than one and produces a temporal lag between the flow and the sediment
concentrations.

A .
- Concentration
Current velocity

.5 — Suspended transport
b Bed load

>

Q

L

>

5 Schematic of sediment and current velocity profiles.
The load correction factor options are specified in the Transport Model and AD Parameters editor which can

be accessed by opening the Sediment Data editor and selecting the menu Options and selecting Transport
Methods...
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The load correction factor options are specified within the section Total-Load Correction Factor section of
the first tab of editor called AD Parameters. By default, HEC-RAS does not compute any load correction
factors. To turn on the load correction factor the user may check the box labeled Total-load Correction
Factor. One this checkbox is selected the user should select the methods used to compute the bed and
suspended-load correction factors.

&5 Transport Model and AD Parameters: - O X

10 Routing Method: | Ca

20 Advection-Diffugion Methods:

ntirwity j

AD Parameters T Erozion Paramsz ]

Total Load comrection Factor

[ Total-Load Correction Factor

Bed-Load Cormrection Factor:

Suzpended-Load Correction:

Diffuzion Methods
Diffuzsion Methad:

Total Diffugion Method:

|N|:| Carrection ﬂ

|N|:u Correction j

|T|:|tal Load ﬂ

|N|:|ne ﬂ

K. li Mz
Suzp Diffuzion Method: |N|:|ne J
E. li m2/s
Bed Load Diffusion Method: |Nu:une J
£ mids
Sediment Junction Split bethod: |Flnw Weighted -
Fool Pass Through Method: |L|pstream Capacity -

ml Cancel

Setting the Total-load correction factor options in the Transport Model editor.

The bed-load correction factor method selects the formula for computing the bed-load velocity. The available
bed-load velocity formulas are:

1.

2
3.
4

No correction

Van Rijn

Van Rijn-Wu

Phillips and Sutherland
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Selecting No Correction assumes the bed-load velocity is equal to the depth-averaged velocity (3=1). The
van Rijn and van Rijn-Wu are similar formulas. The only difference is that the van Rijn-Wu formula has
coefficients that have been recalibrated with a larger dataset of measurements.

3. Transport Model and AD Parameters: - O X

10 Routing Method: | Cortirwity j

20 Advection-Diffuszion bethods:

AD Parameters T Eragion Params ]

Total Load corection Factor

W Total-Load Corection Factar

Bed-Load Conection Factar,  |Mo Caorection j
Mo Caorrection

Suspended-Load Correction

Phillipz and Sutherland
Setting the bed-load correction factor options in the Transport Model editor.

The suspended load correction factor methods select vertical sediment concentration profile. The three
options are:

1. No correction
2. Rouse sediment concentration profile
3. Exponential sediment concentration profile

When selecting the Rouse and Exponential sediment concentration profiles, it is assumed that the current
velocity follows a logarithmic profile. If No Correction is selected, the suspended-load correction factor is set
to one.

B3 Transport Model and AD Parameters: - O X

10 Routing kethod: |Eontinuity j

20 Advecton-Diffuzion Methods:

AD Parameters T Erozion Paramz ]

Total Load correction Factor

[ Total-Load Comection Factor

Bed-Load Comection Factar: |Van Rijna iy j
Suzpended-Load Corection: |N.;. Carrection ﬂ
Mo Comection

Exponential Conc Prafile

Diffugion Methods

Fuiff izimn b athad [ . L
Figure 5. Setting the suspended-load correction factor method in the Transport Model editor.

Generally, for practical applications there is not enough data to calibrate the bed and suspended-load
correction factors. Their use is a compromise between accuracy and computational time which are both
relatively minor. In general, the morphology change is much more sensitive to other parameters and options
such as the transport function and adaptation parameters than the load correction factors.
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3.6.2 Diffusion Coefficient

Diffusion in the transport equation includes a diffusion coefficient that you can parameterize. By default this
is zero, computing no diffusion. HEC-RAS computes the horizontal diffusion coefficients with two methods:
1. Constant total-load diffusion coefficient
2. Weighted bed-load and suspended-load diffusion coefficients
Some of these methods require empirical parameters, while others use equations based on hydraulic results.

Temporal/
Storage Term - Erosion and
a Advection Term Diffusion Term  Deposition Terms

a F +V'(hUC)=V'(]$hVC)+E—D

Diffusion Coefficient

Total-Load Diffusion Method: |Weighted Suspended and Bedloac |

W Sediment Data - Capacity Ony

File | Options | View Help Susp Diffusion Method: | Eddy Visc/Schmidt # ﬂ
[initk User Defined Grain Classes ...
Set Cohesive Options ... Bed Load Diffusion Method: | None LI
Bed Change Options (1D)...
I_ Transport Methods... 1

Calibrate Transpert Function...
e

Modeling Note: Bed Load Diffusion is Usually Small and Can be Can be Ignored

Diffusion Coefficient

Total-Load Diffusion Method: |Weighled Suspended and Bedloac _:_I

Susp Diffusion Method: I Eddy Visc/Schmidt # j
Bed Load Diffusion Method: [None |

If you partition the suspended and bed load diffusion methods, selecting Eddy Visc/Schmidt #
for suspended and None for bed load is a good place to start (that does not require an empirical
parameter) because the suspended diffusion is usually much more significant than bed load..

Horizontal turbulent mixing and dispersion is modeled in HEC-RAS with a Fickian diffusion model. Turning on
horizontal mixing is important in simulations with high resolution and sharp variations in sediment
concentration capacities and concentrations, and when using high-resolution advection schemes. When the
computational grid is relatively coarse or when using a first-order advection scheme the numerical diffusion
may be so large that adding horizontal mixing is unnecessary. In general, sediment diffusion should not be
used in combination with the Diffusion Wave Equation (DWE), since this can result and overly diffusive
results.

HEC-RAS computes the horizontal diffusion coefficients with two methods. The options and parameters are
in the AD Parameters tab of the Transport Model and AD Parameters editor which can be opened from the
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Sediment Data editor under Options and selecting Transport Methods... HEC-RAS has two options for the
total-load diffusion coefficient.

The default in HEC-RAS is for total-load diffusion of zero (i.e. no horizontal diffusion).

Diffusion Methods
Diffuzion Method: |Tu:uta| Load j
Total Diffuzsion Method: |Define Conhstant j
K. Ir mers
Suzp Diffuzion Method: |Nu:-ne J
L] m2ds
Bed Load Diffuzion Methad: |N|:|ne J
L] mdds
Diffuzion Methods
Diffusion Method: |Weighted Sugpended and Beﬂ
Toatal Diffuzsion Method: |Define Carmaah J
K. ||:|57 mads
Suzp Diffusion Method: |D_|,lnami|: j
Clog
Bed Load Diffusion Methad; |D_I,Inami|: j

C o3

Constant total-load diffusion coefficient (left) weighted bed and suspended load coefficients (right).

Temporal/

Storage Term
a Advection Term Diffusion Term Deposition Terms

ac\p )TV VO =V (EeohVO +E =D

oeda

Erosion and

Diffusion Cosfhicient
% Total-Load Diffusion Method: |Weighked Suspended and Bed\nacll '%7
%
o};& %
A (o]
% %,
'O(‘,‘ﬁ Susp Diffusion Method: ‘Dynamic = G
(N
s == - E Ered =[Ched
suspended — : - : od
! Schmidt #  Schmidt # | BedLoadDifusionMethod  [Dynamic =] bed bed
Schmidt # is the ratio of viscous to molecular diffusion |[: |— I
(~1 for fine sediment & >1 for coarse)
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Modeling Note: Suspended Load Diffusion is Larger than Bed Load

Note: The equations for suspended and bed load diffusion coefficients are very similar (Cu*h/~1
vs Cu*'d - see above), except one includes the water depth and the other the particle diameter.
Suspended diffusion is, therefore, orders of magnitude larger than bedload diffusion.

3.6.3 Erosion Parameters

The Erosion Parameters tab of the Transport Model and AD Parameters editor contains the settings for the
noncohesive sediment transport erosion formulation. The total-load sediment erosion is computed as a
function of the total-load adaptation coefficient. In HEC-RAS there are two methods for computing total-load
adaptation coefficient:

1. Total-load length
2. Weighted bed-load and suspended-load adaptation coefficients
Temporal/

Storage Term . Erosion and
a Advection Term Diffusion Term  Deposition Terms

ot F +V'(hUC)=V'(£h¢VC)+E—D|

W Sediment Data - Capacity Ony

2D Methods

File Options View Help AD Parameters
itk User Defined Grain Classes ... )
Set Cohesive Options ... Adajalm. Cosfficent
. Tatal Load: Total Length ‘_I
Bed Change Options (1D)..
[ Tansport Methods... 1 Toallengh [ 1t +—> Adaptation
Calibrate Transport Function...
o Suspended Adaptation Coefficierit | Constant Coefficie r LEI‘Igth
Constart Cosficient | scales to the
! Sl Constant Lengl : cell size

Modeling Note: Estimating Adaptation Length

This is an important parameter. A good initial estimate for the adaptation length is ~1-2X the
cell size. Runs with smaller adaptation lengths will erode and deposit more than while models
with larger adaptation lengths. Larger adaptation lengths will smooth results.

The total-load adaptation length computes the total-load adaptation length as a function of the unit
discharge and sediment fall velocity (see figure below). The total-load adaptation length is the simplest and
most computationally efficient of the two options.
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Temporal/
Storage Term Erosion and

0

dt

Advection Term Diffusion Term Deposition Terms

hC
7 +V-(hUC) =V - (ghVC) +[E = D)

N \8 . (\’(.
@0 &
2D Methods: o€ Co(\ COB C
AD Parameters _\0{\ ¢ W {\0{\ (}O“\
X X e
daptation Costficent 6'3?&3 Q\g\\p Q@Q’@ qe('i\%
Tolal Load: Total Length - P < la ®

Totallength [ ft E = a|{t Cta‘: D = ClL't CC

Modeling Note: Adaptation Coefficient and Adaption Length

In the Wu (2000) approach erosion and deposition are directly related to the same Adaptation
Coefficient ( #t) to compute erosion and deposition.

Both are inversely related to the Adaptation Length ()
Ct*

Erosion is a function of the equilibrium concentration
function (e.g. Wu or van Rijn)

which comes from the transport

Deposition is a function of the average concentration in the cell Ct

The weighted bed-load and suspended adaptation coefficients requires specifying methods for the bed-load
and suspended-load adaptation coefficients and computing the fraction of suspended sediments. However,
it is the most physically accurate method.
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AD Parameters T Erosion Params ]

— Adaptation Coefficent

Total Load: Tatal Length j
Total Length
Wweighted Length
Suspended Adaptation Coefficient; IEnnstant Coef LI
Conztant Coefficient I
Bed Load Adaptation Length: IEu:unstant Length ;I

Length | m

If you select a weighted total-load adaptation length you will specify separate suspended and bed load

parameters.

AD Parameters T Erozion Params ]

—&daptation Coefficent
Total Load: Weighted Length LI
Tatal Lenigth: |-| 0. mn
Suspended Adaptation Coefficient: | Conzstant Coef LI
Constan Constant Coef
Bed Load Adaptation Length: Armanini & di Silvio
T = —
Length I m

Specifying a suspended-load adaptation coefficient.

Temporal/
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Advection Term Diffusion Term Deposition Terms

hC
—|+V-(hUC) =V- (ehVC) +[E =D
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o
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Xe) A
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Suspended Adaptation Coefficient | Constant Coefficient | N \’036
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Bed Load Adaptation Length: [Constant Length | D E . ( ) aﬂ))
R bed bed = \4p — Up=«
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When first setting up a sediment transport model, it is recommended to use a constant total load adaptation
length for simplicity. Once the user has a stable model producing reasonable results, it is recommended to
perform a sensitivity of the adaptation length by adjusting the adaptation length. In many cases, the results
are not found to be sensitive. This is usually for relatively coarse grid simulations under mild to moderate
forcing. However, if the results are found to be sensitive to the adaptation length then more tests are
necessary in determining to optimal adaptation method and parameters.

2D Sediment Parameter Quick Start Guide

A printable document that identifies the adjustable parameters and recommendations on ranges,
sensitivities, and starting points.

2D Sediment Par...Start Guide . pdf

3.7 Transport Function Calibration and Modification

The Transport Function Calibration and Modification editor allows the user to scale or calibrate different
transport formula in various ways. It is opened from the Sediment Data editor by opening the Options menu
and selecting Calibrate Transport Function (see figure below).

W Sediment Data

File | Options  View Help

% Triiti User Defined Grain Classes ... Conditi
Set Cohesive Options ...
Tra
Bed Change Options...
Sar
Transport Methods..,
Fall

Calibrate Transport Function... %

— - Depth
1lE 20 Options

Figure1. Opening the Transport Function Calibration and Modification editor from the Sediment Data editor.
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The preferred method for calibrating the transport function is by means of the scaling factors. The total-load
scaling factor is applied the same to all the transport functions. The mobility factor multiplies by the
threshold for incipient motion (albeit a critical shear, reference shear, or Shields number). Therefore, a
mobility factor larger than 1 reduces the mobility of a sediment. The option is also available to calibrate

specific coefficients and exponents of several transport formula.

(" Parameters and Coeffidents

Mobility Parameters

3 Transport Function Calibration and Modification - a X
[~ Modify Transport Functions with Factors or Parameters Defined in This Editor:

(+ Scaling Factors

Transport and Maobility Scaling Factors

Transport Function Scaling Factor: |1 Increasing This Factor Increases Transport

Critical Mobility Scaling Factor: 1 Increasing This Factor Decreases Transport

Transport Function Coefficents

Threshold Mobility (A)

0.19 C |DJJZS
Critical Sheild's # (tau®c) |p.039
Critical Shield's # (tau *c) |[q.ga7

Coeffident |n.01
Coeffident |5 Power

m |1..7:3

Mote: When the Wong and Parker (

(2006) coefficients are specified HEC-RAS exd

form drag correction, which assume chll e bed conditions (i.e. no bed forms).
Reference Shear 0.04 |bfft2
(tau®rm)
[~ Limit Toffaleti Suspended Transport when u®/Fall Vel<0.4.
Defaults OK

ludes the

Cancel

Figure 2. Transport Function Calibration and Modification editor.

3.8 2D Options

There are several sediment transport options which are only available in 2D. The goal is for both 1D and 2D
sediment transport to have the same options but for now the 2D only options have been places in a single
editor called 2D Options which is available from the Sediment Data editor under the Options menu (see

figure below).
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W Sediment Data - Run6_VR

File = Options  View Help

User Defined Grain Classes ...
Set Cohesive Options ...

Bed Change Options (New])...
Transport Methods...

Initiz

Calibrate Transport Function...

2D Options

Mon Mewtonian... %
Figure 1. Opening the 2D Options editor from the Sediment Data editor.

The 2D Sediment Options editor is shown in the figure below. The editor is used to specify the options for
sheet and splash erosion, the morphologic acceleration factor, the base bed-slope coefficient, and hindered
settling.

X

3. 2D Sediment Options — a

[ iCapacity Only Methad

Sheet and Splash Erozion: Mane
Erodibility:
Morphological Acceleration Factor:

Baze Bed-Slope Coefficient:

111,

Hindered 5 ettling: e Cemeaim

L

Ayalanching

[ Usze Avalanching

FRepoze Angle: 32
b &sirnurmn [terations: 10.
Rela=ation Factar: 0.25
] 4 | Cancel |

Figure 2. 2D Options editor.

3.8.1 Capacity Only Method
In HEC-RAS Version 6.2 the Capacity Only Method was introduced. If the Capacity Only Method is checked

on, the model computes only the sediment transport capacity (i.e. equilibrium concentrations) for all grain
classes and does not solve the transport, bed sorting, and bed layering equations. The transport rates are
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computed with the sediment capacity. The Capacity Only Method runs much faster because it does not
solve transport, bed sorting, and bed layering equations for each grain class. This makes the method very
useful for screening sediment transport functions and estimating initial sediment bed gradations and
sediment boundary conditions.

3.8.2 Sheet and Splash Erosion

The first option available in the editor is the Sheet and Splash Erosion. The 2D sediment transport model has
the option to use the Wei et al. (2009). The formulation has an erodibility coefficient which for simplicity is
set to a single value in HEC-RAS. The units of the erodibility coefficient are kg-m3-644.50-644 Wei et al. (2009)
reported values for the sheet and splash erosion coefficient between 1124 and 2555 kg-m3-644.s0-644 for 3
grassland rangeland plots in Arizona (all variables in the International System of Units). However, its value
can vary by orders of magnitude for different soil types and cover characteristics.

3.8.3 Morphologic Acceleration Factor

The Morphologic Acceleration Factor can turn off the bed change or - as the name implies - accelerate the
bed change. The factor is directly multiplied by the mass bed exchange rates at every time step. A value of
zero will turn off the bed elevation and bed composition change.

The Morphologic Acceleration Factor can be utilized in several ways. It can turn off bed change (Morph
Acceleration = 0). This saves computational time and is useful for idealized situations are when debugging a
problem with a sediment model. The "Concentration Only" computational mode provides the same capability
now, however, and is a more direct method for fixed-bed sediment modeling.

The Morphologic Acceleration Factor is usually a scaling factor for bed change change. The factor can be
simulate a time period which represents the morphological change of a time period equal to the simulation
period times the Morphologic Acceleration Factor. This approach is commonly used in coastal applications
with tidal boundary conditions. As an example, a 5-year simulation can be run with Morphologic Acceleration
Factor of 20 to simulate 100 years of change, which greatly reduces the computational time. However, it
should be noted that this approach changes the order of events (i.e. storms and tidal forcing with respect to
morphological features) which can have a negative impact on the accuracy of the approach.

Lastly, the Morphologic Acceleration Factor can speed-up run time. This approach is more appropriate in
river applications or when simulating single events or sequences of events. As an example, a 20-day
simulation can be reduced to 2 days by setting the Morphologic Acceleration Factor to 10. In this approach
you also must speed up the boundary conditions by the same factor. However, do not speed-up the time so
much that the hydrodynamics change substantially and thereby the morphological change.

Changing the Boundary Condition Time Step with the Morphological Acceleration Factor
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It is useful to choose a Morphological Acceleration Factor that is easily divisible by the time
step. For example, if a boundary condition data increment is 15 minutes, selecting
Morphological Acceleration Factors of 3, 5, or, 15 makes it easier to adjust these data to
accommodate the temporal dilation. See these three examples below:

Accelerate bed change by 15X = Reduce Flow Increment from 15 to 1 min

i — 12857 Accelerate bed change by 3X = Reduce Flow Increment from 15 to 5 min

% Enter Table Data tme nterval: [15Mete |
‘Select/Enter the Data’s Starsng Ti L
¢ Usa Smukakion Thma: Date: PUMHT 1me: B33 Morphological Acceleration Factor k] Data time interval: | 1 Minute -
% Fixed Start Time: Date: 32017 Time: [00:00
No_ Ordinates | Interpolate Mising Values | Delsiow | tnsow |
N e Accelerate bed change by 5X = Reduce Flow Increment from 15 to 3 min
Date Simuiaton Time Flow .|
(hour: [CEI| . - -
1] 1Deca01 2300 001 1050 Morphaological Acceleration Factor: | Data time interval: |3 Minute >
2 Den2017 001 15 10933
3] Llan2017 00: 1 30:1 1086.7
4 Den2017 00+ %51 1083.3
5 Denz01703 100 1080
5| Llan;
7 Dan

1701 1:30: 1086.7

Original Flow Data Has 15 Minute Time Interval Marphological Acceleration Factor. i Data time interval: |5 Minute A

The Morphologic Acceleration Factor should be used with caution as it can lead to misleading results or
instabilities. The best practice for using the factor is to test the validity of the factor by doing a full or partial
length of a simulation with the factor and without it and compare the results. If the results agree reasonably
well, then longer or alterative simulations can usually be done with the Morphologic Acceleration Factor thus
saving time. It is generally not recommended to use a factor larger than 30 to 50, and values between but not
equal to 0 and 1. The Morphologic Acceleration Factor can be verified by reducing its value (e.g. by a factor
of 2) while also increasing the simulation time by the same factor and verifying the simulation results do not
significantly change.

Since, the Morphologic Acceleration Factor is applied to the bed exchange rates, the approach does not
change total-load transport rates or concentrations. In addition, the approach is not locally mass
conservative but approximately globally conservative.

Finally, it is important to emphasis that the Morphologic Acceleration Factor should NOT be used as a
calibration parameter. It should be used carefully and validated to make sure the results are not sensitive to
the Morphologic Acceleration Factor. When used carefully the Morphologic Acceleration Factor can be a
powerful and useful tool in numerical studies.

3.8.4 Base Bed-Slope Coefficient

The Base Bed-Slope Coefficient specifies the maximum value of the bed-slope coefficient. The coefficient is
then reduced based on the skin and critical shear stresses. As the ratio between the skin and critical shear
stress increases bed-load particles are less influenced by the bed slope. The coefficient is used to compute
an additional sediment flux in the downslope direction which is a function of the bed slope, the bedload, and
the bed-slope coefficient. For further details on the formulation, the user is referred to the HEC-RAS 2D
Sediment Technical Reference manual (HEC 2020). The Base Bed-Slope Coefficient typically has a value
between 0.1 and 1. Increasing the coefficient has the effect of smoothing the bathymetry. Measured bed
change can be used to calibrate the base bed-slope coefficient. However, its effect is significantly less than
the transport formula, transport scaling factors and mobility scaling factor. The Base Bed-Slope Coefficient
will tend to improve model stability by smoothing out small scale instabilities. However, if the value is too
large the numerical scheme can become unstable. In these situations the user can either reduce the
computational time step or reduce the value of the Base Bed-Slope Coefficient.
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Modeling Note: Base Bed-Slope Coefficient Range

The Base Bed-Slope Coefficient generally varies from 0.1 to 0.5 and higher values tend to
smooth results.

3.8.5 Hindered Settling

Hindered settling is the condition in which the settling velocity of particles or flocs is reduced due to a high
concentration of particles. Hindered settling is primarily produced by particle collisions and the upward water
flow equal to the downward sediment volume flux. Hindered settling occurs to both cohesive and
noncohesive particles. However, the hindered settling correction described here only applies to noncohesive
particles. The hindered settling of cohesive particles is accounted for in the floc settling method. Currently,
the 2D sediment has the option to use the Richardson and Zaki (1954) formula for hindered settling (see
figure below). For simplicity the exponent in the Richardson and Zaki (1954) is set to 4.0 and cannot be
modified in the user interface.

(33 2D Sediment Method - O X
Sheet and Splazh Erosion: |N|:|ne ﬂ
Erodibility: |4
Muorphological Acceleration Factor: 125
Baze Bed-Slope Coefficient; u
Hindered Settling: |N|:| Ceneslen ﬂ
Mo Corection

Figure 3. Setting the hindered settling method to the Richardson and Zaki (1954) method.

The figure below shows the ratio of the hindered settling velocity w,; and free settling velocity w,,o as a
function of the total sediment concentration by volume following Richardson and Zaki (1954).
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0.5

W' W

0.25

Figure 4. Richardson and Zaki (1954) hindered settling velocity formula.

3.8.6 Avalanching

HEC-RAS Version 6.2 and newer support the option to simulate sediment sliding or avalanching. This option
is limits the bed slope to the angle of repose. A single angle of repose is utilized for both wet and dry cells.
The angle of repose can vary from about 30° to nearly vertical for cohesive beds. Avalanching is computed
with an iterative relaxation approach which has two parameters: (1) the maximum number of iterations, and
(2) a relaxation factor. The recommended range for the maximum number of iterations is between 5 to 20.
The range for the relaxation parameter is typically between 0.1 and 0.3. The angle of repose, maximum
number of iterations, and relaxation factor are specified in the Avalanching section of the 2D Options menu.

3.9 Bed Mixing Options

The Bed Mixing Options editor contains both 1D and 2D sediment bed mixing options and other parameters.
The editor is opened from the Sediment Data editor by going to the Options menu and selecting Bed Mixing
Options ... (see figure below).
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W Sediment Data - SedCSVR

File | Options  View Help

% Tnitiz User Defined Grain Classes ...

Set Cohesive Options ...
Bed Change Opticns...
Transport Methods...

Calibrate Transport Function...

20 Opticns
Mon Mewtonian...
BSTEM Opticons...

Lateral Weir Options...
Bed Mixing Options ...

Subsidence...
Set Pass Through Modes .
Ob=erved Data ...

Col

Figure 1. Accessing the Bed Mixing Options editor from the Sediment Data editor.

An example of the Bed Mixing Options editor is shown in the figure below. The sections which are applicable

to 2D sediment are Hiding Functions and Active Layer Options.

Active Layer Options

% Bedload: I?EI.

Active Layer Thickness: IX dao vl Multiplier: |3. Min Thickness: [p,p1 m

Exchange Increment:  Method: IMiJ-: Active Layer First LI

Yo Active |3D,

3 Bed Mixing Options - O X
—Capadty Partitioning (1D Only)
Capacity Partitioning Method: | Bed Gradation Only ;I % Inflow Gradation: |1|:|
Hiding Functions Shape Factor:
Hiding Function: INone ;I Hiding Exponent: 0.3 |g,6

Cover [Active Layer Gradations (1D Only)
[~ Specify Seperate Cover/Active Layer Gradations

[~ Copeland Method Option (test) (1D Only)

OK

Cancel I Defaults...l

Figure 2. Bed Mixing Options editor.

3.9.1 Hiding Functions

In non-uniformly sized sediment beds, smaller particles are hidden from the flow and physically trapped by
larger particles whereas larger particles are more exposed to the flow and less impeded to move freely. The
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hiding (and exposure) function computes a correction to the incipient motion variable such as a shear stress
or velocity to account for the hiding and exposure of particles. The hiding functions available in HEC-RAS are:

—_—

None (no correction)

Ashida and Michiue (1971)
Day (1980)

Egiazaroff (1965)

Hayashi et al. (1980)

Parker et al. (1982)

Proffitt and Sutherland (1983)
Wilcock and Crowe (2003)
Wu et al. (2000)

© © N o g > W N

The hiding and exposure function can have a big impact on the results. Some of the hiding and exposure
functions were developed for in conjunction with specific transport potential functions. For example, the Wu
et al. (2000) hiding function was developed for use with bed- and suspended-load transport potential
functions published in the same paper. Similarly, the Day (1980) and Proffitt and Sutherland (1983) hiding
function where developed specifically for the Ackers and White (1973) transport potential formula. Lastly the
Wilcock and Crowe (2003) hiding function was developed specifically for the Wicock and Crowe formula
(Wilcock 2001; Wilcock and Crowe 2003).

3.9.2 Active Layer Options

Within the Active Layer Options section of the Bed Mixing Options editor are the input options controlling the
active layer thickness and the Exchange Increment Method. The exchange increment is not utilized in the
HEC-RAS 2D sediment transport model.

3.9.2.1 Active Layer Thickness

There are two methods for computing the active layer thickness: (1) d90, and (2) X d90. The methods are
selected within the Active Layer Options section of the Bed Mixing Options editor. The option d90, the
active layer is set to the 90th percentile diameter of the active times a user-specified multiplier. If the
multiplier is set to 1, then the two methods produce the same results. In future versions, the method d90 will
be dropped in favor of the X d90 method with a multiplier for simplicity. The

3.9.2.2 Minimum Active Layer Thickness
The option is provided to specify a minimum active layer thickness within the Active Layer Options section
of the Bed Mixing Options editor. This option is useful when simulating very fine material as the active layer

thickness can become unreasonably small. Increasing the minimum active layer thickness may also reduce
instability problems when the active layer gradation is changing very quickly.
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3.10 Bed Gradations

Instead of specifying the sediment size distribution and potentially the cohesive sediment properties at every
2D computational cell (and cell subarea), HEC-RAS uses a template concept similar to that of the Channel
Modification Editor. In HEC-RAS a Bed Gradation Template describes the grain size distribution and
cohesive sediment properties of a sediment mixture. Bed Gradation Template are first defined in a database
and then associated to Sediment Bed Materials which are specified at each computational cell within RAS

Mapper. The Bed Gradation editor, is opened from the Sediment Data editor by clicking on the button
Define Edit
BedGradation ... | An example grain size distribution in the Bed Gradation editor is shown in the figure below.

To create a new Bed Gradation the user may click on the "New" button g . Give it a name (e.g.
"Nonuniform"). Enter the gradation information as shown in the figure below.

B3 Bed Gradation - o x
View
Bed Gradation Template: |MainChannel -] g y il Enter Multiple Gradations in a Table... |
Class | diam (mm) % Finer 1001 J
1|Clay 0.004 1 Legend
2| VFM 0.008 1 Gradation Curve
3[FMm 0.016 ]
4| MM 0.032 501
5|cm 0.0625}) 1
6| vFs 0.125
7|Fs 0.25 ]
8[ms 0.5 50
9|cs 1 3 ]
10|vcs 2 i
11|VFG 4 & ]
12|FG 8 401
13| MG 16 ]
14|CG 32
15|vCG 64
16|sC 128 100 -
17|Lc 256 ]
18|58 512
19|MB 1024
20|18 20% N —
£ %Fner * GanCam% | Cowert 005 01 02 05 1 2 S 10 20 50 100
Yefiner <—>% | Grain Size (mm) _,J
E
[~ Set Sample Specific Cohesive Parameters
ok | cancel |

Figure 1. Bed Gradation editor with an example grain size distribution.

The user may enter the size distribution as percent finer values or grain class percent values. The current
mode is indicated by the radio buttons under the table on the left side of the editor names % Finer and Grain
Class %. The user may also convert the values in the table from one mode to the other by clicking on the
button <% .

The 2D sediment transport model will only compute grain classes which are utilized in the initial bed
gradations or any boundary conditions. This reduces the computational costs and speeds up the model.
Consequently, it is important for the user to be mindful of how many grain classes are utilized in the input.
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For example, HEC-RAS has 5 cohesive grain classes. Except for the particle fall velocity, all the cohesive
grain classes are treated the same, therefore using 5 cohesive grain classes or just 1 will have little impact

on the results but a big impact on the computational costs.

Optionally, HEC-RAS allows users to associate bulk bed properties with bed gradations. More specifically, the
sediment cohesive properties can be specified for each bed gradation. This option is activated by selecting
the checkbox at the bottom of the Bed Gradation editor labeled Set Sample Specific Cohesive Parameters

(see figure below).

(3 Bed Gradation — O X
View
Bed Gradation Template: -] D 25| % B Enter Multiple Gradations in a Table... |
Class | diam (mm) % Finer 100 J
1|Clay 0.004 100 Legend
2| VFM 0.008 Gradation Curve
3|FM 0.016
4| MM 0.032 1
5|cM 0.0625
6| VFS 0.125
7|Fs 0.25 . a0
8|Ms 0.5 g
9|cs 1 2
10{VCS 2 o
11|vFG 4
12|FG 8
13[MG 16
14|ce 32 204
15|VCG 64
16|sC 128
17|LC 256 o R . reheer . — . .
18|58 512 QOCOMOEANOOON0N00 T 00001 Q0001 Q001 adi A 10 100 1000 10000
;z E R Grain Size (mm) _]
h | i
(+ %Finer ( GrainClass %  Convert: [v¥ Set Sample Specific Cohesive Parameters Mass Wasting Grain Class
R Shear Threshold Erosion Rate  Mass Erosion  Mass Erosion Default =
20 O ™M) Threshold Rate (Mmw)
ot ot _ Pa) (N/m2 hr) Pa) (N/m2 hr)
dleSIVE
Weight (Opt): [480 ka/m3)  parameters [0.01 [10 [o.18 [20 ok | Cose |

Figure 2. Setting sample specific cohesive parameters in the Bed Gradation editor.
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4 Sediment Computation Options and Tolerances

The sediment transport user-specified computational options, parameters, tolerances, and methods are set
in the Sediment Computation Options and Tolerances editor. To open the editor, open the Unsteady Flow
Analysis editor and select the Options menu and click on the menu item Sediment Computation Options and
Tolerances (see figure below).

File

Plan:

<<y

Sim

Cor
Cor

Mar

|P—rc

Time

[

% Unsteady Flow Analysis

Options  Help
Stage and Flow Qutput Locations ...
Flow Distribution Locations ...
Flow Roughness Factors ...
Seasonal Roughness Factors ..

Automated Roughness Calibration ...

Unsteady Encroachments ...

Ungaged Lateral Inflows ...

Dam (Inline Structure) Breach ...
Levee (Lateral Structure) Breach ...

SA Connection Breach ...
Computation Options and Tolerances ...

Qutput Options ...
Fricticn Slope Method for Cross Sections ...

Friction Slope Method for Bridges ... I — j'
Initial Backwater Flow Optimizations ... TE"t\Dmit\RAE E EI
Sediment Computation Options and Tolerances .., % debug parameters |

Sediment Qutput Options ...
Sediment Dredging Options ...

X

D: |FlowAndSediment

£ |UUUG
|0800

arval: |1 Minute -

The Sediment Computation Options and Tolerances editor has two tabs: General and 2D Computational
Options. These tabs are described in the sections below.

+ General Options and Tolerances (see page 78)
+ 2D Computational Options (see page 80)
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4.1 General Options and Tolerances

4.1.1 Computational Options

The General tab of the Sediment Computation Options and Tolerances editor contains the 1D computational
options but also includes some options which the 1D and 2D sediment models share (see figure below). The

2D sediment transport model uses the Bed Roughness Predictor, the Computation Multiplier and Warmup
Periods.

HEC-RAS Sediment Computation Options and Tolerances

General | 20 Computational Options |

Cmtationa[ Options
Bed exchange iterations per time step (SPI): |10

Min bed change before updating Cross Section (ft): |0|02
Min XS change before recomputation of hydraulics (ft): |0.02
[v Perform Volume Error Check/Carry Over:

— | Bed Roughness Predictor: None v
> 1D On Iy
1D and 2D Methods
Methods
Sediment Computation Multiplier: \1 X the hydraulic time step
Sediment Warmup Periods:
—— Concentration (2D Only): | (days)
Gradation: |7 (days)
Bathymetry: Ii (days)
Defaults ... | Cancel |

Show XS Weights >> |I—'

Figure 1. General tab of the Sediment Computation Options and Tolerances editor.

4.1.2 Bed Roughness Predictor

The Bed Roughness Predictor computes bed roughness dynamically based on the hydrodynamics and bed
materials. The sediment transport model and hydraulic models use the computed roughness, then update it
based on the new hydraulics and bed materials. The 1D model allows users to define sub-reaches to apply
the bed roughness predictor, but the 2D model will apply the selected algorithm to the all wet cells. When
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using bed-roughness predictor it is recommended to also output the cell bed roughness's and evaluate the
computed bed roughness to maker sure results are realistic. The Bed Roughness Predictor is specified in
the General Tab of the Sediment Computation Options and Tolerances editor.

The Bed Roughness Predictor options include three methods:

1. Limerinos
2. Brownlie

3. VanRijn

4.1.2.1 Limerinos

The Limerinos (1970) formula is a relatively simple equation based on the dg4 and hydraulic radius, with no

consideration for bed form mechanics. Therefore, it should be applied mainly to coarse, gravel and cobble
systems where the grain roughness is the primary source of channel roughness.

4.1.2.2 Brownlie

Brownlie (1983) computed bed roughness based on bed form mechanics in large rivers. In particular, he tried
to capture the non-linear drop in roughness when bed form dominated transport shifts from lower to higher
regimes (EM 4000). Brownlie, evaluates the bed form regime based on hydraulic parameters, grain size, and
the gradational distribution, then applies separate equations for low and high regime transport.

4.1.2.3 VanRijn

The Van Rijn (1984) bed roughness formula is based on flume and field data. Van Rijn computes bed form
dimensions from flow and sediment parameters and converts these into equivalent bed roughness. This
method was designed to compute bed roughness in both dune and plane bed regimes.

4.1.3 Sediment Computation Multiplier

The Sediment Computation Multiplier is used to compute sediment computations at a larger time step than
the hydraulic computations. The Sediment Computation Multiplier is an integer which defines the number of
hydraulic time steps before computing a sediment time step. A 2D sediment time step calculation can be
significantly more computationally expensive than the hydraulic time, especially if there are many grain
classes. It is important to note that the actual number of hydraulic time steps between sediment time steps
may differ from the Sediment Computation Multiplier at certain times during the simulation in order for the
model to synchronize time steps with output intervals. When the multiplier is utilized, the face flows and
areas are averaged during the sediment time step. The parameter must be used with caution since it can
reduce the model accuracy or produce instabilities. Typical values that work well are in the range of 5 to 20.
Testing should be be done to confirm that the the parameter does not significantly affect the computed
results. The Sediment Computation Multiplier has a default value of 1 meaning the sediment and hydraulics
are computed at the same computational time step. The Sediment Computation Multiplier is specified in the
General Tab of the Sediment Computation Options and Tolerances editor.
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4.1.4 Warmup Method

HEC-RAS applies sediment warmup period slightly differently in 1D and 2D sediment transport. The 1D model
adds the warmup period to the simulation, as an additional (negative) time period computed before the
simulation starts. In 2D the warmup period is considered as part of the simulation time period.

The 2D model also computes three sediment warmup periods, in sequence (after the hydraulic warmup).
First, HEC-RAS computes equilibrium concentrations in each cell based on the first specified flow or stage
for the first time step at each hydraulic boundary, the boundary sediment fluxes, and the bed gradations. The
Concentration warmup is only available in 2D sediment transport, and avoids the initial erosion associated
with starting a model with clear water throughout the domain.

Sediment Warmup Periods:
Concentration (2D Only): | {days)

Gradation: | (days)
Bathymetry: | (days)

Figure 2. Specifying the warmup periods for 2D simulations.

After the concentration warmup, the 2D model warms up the bed gradations. Starting with the cell
concentrations at the end of the concentration warmup, HEC-RAS will run the unsteady, 2D, sediment model
with constant flow, stage, and sediment boundary conditions (those associated with the first time step in the
simulation window). During the gradation warmup, HEC-RAS will not adjust the bed, the elevation-volume
curves for the cells, or the elevation-area curves of the cell faces. It will only adjust the bed gradations,
allowing them to fine or (more often) coarsen in response to the flow field. The 2D sediment model will also
begin to develop vertical gradational stratigraphy in this warmup period, even bed layers were not initially
specified.

After the Gradation warmup, the 2D model will warmup the bathymetry. In this warmup period, the model will
still hold they hydraulic and sediment boundary conditions constant, but will allow the bed elevations, and the
elevation-volume/elevation-area curves to adjust in response to transport. This phase will tend to fill local
depressions, scour local raised areas, plane out bed forms, highlight problems with the terrain, and, generally
smooth the terrain.

4.2 2D Computational Options

The 2D Computational Options tab of the Sediment Computation Options and Tolerances editor contains
the computational options which are utilized for 2D sediment transport (see figure below). The editor has
options and parameters related to the subgrid erosion and deposition calculation methods, the advection
scheme used in the transport solver, the matrix solver, outer loop convergence tolerances, the bed layer
parameters, and subgrid options.
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HEC-RAS Sediment Computation Options and Tolerances

General § 2D Computational Oph'on_s_jl

Transport
Advection Scheme: I Upwind LI
Sediment Matrix Solver: I PARDISO LI

Implicit Sediment Weighting Factor: |1.
Quter Loop Convergence Parameter:

Maximum # of Iterations: ’07
Concentration Max Abs Error (mg/L): ’W
Concentration RMS Error (mg/L): ’W
Grain Class % Max Abs Error: ’W

~ Computational Sediment Layer Parameters
Layer Thickness (Optional):

Initial (m) |0.05 Min (m) |0.025 Max (m)|0. 1

# of Computational Layers (Optional): |50

Subgrid

Subcell Erosion Method: I Constant LI
Subcell Deposition Method : |Veneer LI

Max Subgrid Regions (Optional): |1
Max Subarid Length Scale (Optional): |

Defaults...| Cancel | ok | Show XS Weights >> |

Figure 1. Specifying the warmup method for 2D simulations.

4.2.1 Subgrid Erosion and Deposition Methods

One of the key features of HEC-RAS 2D is the subgrid modeling. HEC-RAS 2D sediment has several methods
for computing the subgrid erosion and deposition with different levels of complexity and computational
requirements.

The erosion rate is computed as the erosion potential times the bed availability (grain fractions). Therefore, if
the subgrid bed gradations vary, the subgrid erosion rates will also vary. However, the subgrid erosion
potential may be calculated with one of four methods available (see table below).

Table 1. Summary of subcell erosion potential approaches.
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Method Depth-Weighting Bed Properties Hydraulics
Constant None Cell Wet-Average Cell Wet-Average
Variable Bed None Subcell Cell Wet-Average
Full Subgrid None Subcell Subcell

The Constant erosion method is the simplest and most computationally efficient. For every cell, a single
erosion potential is computed using wet-area averaged hydraulics, and bed properties. The bed properties
include erosion coefficients, roughness, and grain size distribution, etc. The Depth-Weighted erosion method
also computes a single erosion potential for every cell but applies a depth-weighting to compute the subgrid
erosion potentials. Therefore, the Depth-Weighted method uses averaged bed and hydraulics to compute a
cell erosion potential, but which is then weighted using the water depths to compute the subgrid erosion
potentials. Again, subgrid erosion rates always take into account the subgrid grain fractions (material
availability). The Depth-Weighted method is only slightly more computationally expensive than the Constant
method. The Variable Bed erosion method does not perform depth-weighting but computes subgrid erosion
potentials utilizing the subgrid bed properties. The Variable Bed method utilizes average hydraulic variables
for the wetted area of the cell. The Full Subgrid erosion method does not perform depth-weighting but
computes subgrid erosion potentials utilizing the subgrid bed properties and hydraulics. The method
requires estimating subgrid hydraulic variables such as current velocities, shear stresses, shear velocities,
depths, etc. depending on the transport potential formula utilized. The Full Subgrid method is the most
computationally expensive of all the methods and will generally lead to the largest variations in subgrid
erosion compared to the other methods. All of the erosion methods assume that a constant adaptation
coefficient within the cell.

HEC-RAS 2D sediment has three subgrid deposition methods (see table below). All the deposition methods
assume that the sediment concentration and adaptation coefficient are constant within a cell. The first is the
Veneer method. The Veneer method applies a spatially constant deposition rate over the wet portion of the
cell. The Veneer method is the simplest and most computationally efficient of the methods. The Veneer
deposition method is analogous to the Veneer method utilized in HEC-RAS 1D sediment transport. The
Depth-Weighted deposition method is similar to the Reservoir method in HEC-RAS 1D sediment transport.
The Capacity-Weighted deposition method is similar to the Capacity-Weighted erosion method.

Table 2. Summary of subcell deposition approaches.

Method Depth-Weighting Capacity-Weighting
Veneer (Constant) None None
Depth-Weighted Yes None
Capacity-Weighted None Yes
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4.2.2 Advection Scheme

HEC-RAS 2D sediment transport has the option to choose between four advection schemes:

1. Upwind

2. Exponential
3. Minmod

4. Harmonic

The selected advection schemes are designed to off the use a wide range of options. The Upwind and
Exponential schemes are first-order difference schemes (Patankar 1980). The schemes are linear and
therefore have the benefit of not requiring additional outer loop iterations. In addition, difference schemes
are relatively simple, and provide smooth bounded solutions. The Exponential scheme is based on the
analytical solution of the steady 1D advection-diffusion equation (without sources and sinks) and is less
diffusive than the Upwind scheme. However, when the horizontal mixing is turned off, the Exponential
scheme reduces to the Upwind scheme.

The Minmod and Harmonic schemes are high-resolution Total Variance Diminishing (TVD) schemes (Harten
1983). High-resolution TVD schemes allow for second order or higher accuracy in smooth and first-order
accuracy in sharply varying regions without producing spurious oscillations (bounded solutions). The TVD
schemes are implemented here using a flux-limiter formulation and a deferred correction approach which
requires outer loop iterations to converge. The Minmod scheme has good convergence characteristics but is
the most diffusive of the two TVD schemes. The Harmonic scheme is less diffusive, produces good
convergence characteristics in implicit schemes, and is equivalent to the Hybrid Linear/Parabolic
Approximation (HLPA) scheme of Zhu (1992).

4.2.3 Matrix Solvers

HEC-RAS 2D Sediment Transport solves an implicit Advection-Diffusion (transport) equation for the
fractional total-load concentrations. The discretization produces a linear system of equations which may be
represented by a sparse-matrix problem. The sparse matrix solver is an important component of the
computational options because a large portion of the computational time can be spent solving the sparse
matrices for each grain class transport equation. HEC-RAS has three options for the matrix solver:

1. PARDISO
2. FGMRES-SOR
3. FGMRES-ILUO

The PARDISO solver is a high-performance, robust, memory efficient and easy to use solver for solving large
sparse symmetric and non-symmetric linear systems of equations on shared memory and distributed-
memory architectures. Here the Intel Math Kernel Libraries (MKL) PARDISO solver is utilized. The solver
utilizes a combination of parallel left- and right-looking supernode pivoting techniques to improve its
factorization process (Schenk et al. 2004; Schenk et al. 2011).

Iterative solvers require an initial guess to the solution. Iterative solvers generally require less memory for
because unlike with direct solvers, the structure of the matrix does not change during the iteration process.
In addition, iterative solvers utilize matrix-vector multiplications which can be efficiently parallelized. The
main drawback of iterative solvers is that the rate of convergence depends greatly on the condition number
of the coefficient matrix. For poorly conditioned matrices, the iterative solver may not converge at all.
Therefore, the efficiency of iterative solvers greatly depends on the size and condition number of the
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coefficient matrix.

Iterative solvers may be classified into stationary and projection methods. In stationary methods the solution
for each iteration is expressed as finding a stationary point for the iteration. The number of operations for
iteration step for stationary methods is always the same. Stationary methods work well for small problems
but generally converge slowly for large problems. Projection methods extract an approximate solution from a
subspace. Generally, projection methods have better convergence properties than stationary methods but
because each iteration is generally more computationally demanding than stationary methods, they tend to
be more efficient for medium to large systems of equations. The main disadvantage of iterative solvers is
their lack of robustness.

HEC-RAS 2D sediment has the option of two iterative solvers: FGMRES-SOR and FGMRES-ILUO. The first
part FGMRES refers to the matrix solver while second parts SOR and ILUO refer to the preconditioner utilized.
FGMRES (Flexible Generalized Minimal RESidual) is a projection method which is applicable to coefficient
matrices which are non-symmetric indefinite (Saad, 1993). The "flexible" variant of the Generalized Minimal
RESidual method (GMRES) allows for the preconditioner to vary from iteration to iteration. The flexible
variant requires more memory than the standard version, but the extra memory is worth the cost since any
iterative method can be used as a preconditioner. For example, the SOR could be used as a preconditioner
with different relaxation parameter values each time it is applied. The FGMRES (and GMRES) method
becomes impractical for large number of iterations because memory and computational requirements
increase linearly as the number iterations increases. To remediate this the algorithm is restarted after
iterations with the last solution used as an initial guess to the new iterative solution. This procedure is
repeated until convergence is achieved. The FGMRES solver with restart is often referred to as FGMRES(m)
where m is the restart parameter. However, here the shorter name FGMRES is used for simplicity. If m is too
small, the solver may converge too slowly are even fail completely. A value of m that is larger than necessary
involves excessive work and memory storage. Typical restart values are between 5 and 20. Here m is set to
10 which works well for the most practical applications.

The Successive-Over-Relaxation (SOR) is a stationary iteration method based on the Gauss-Seidel (GS)
method. When w = 1, the SOR method reduces to the Gauss-Seidel method. In addition, for w < 1, the method
technically applies under-relaxation and not over-relaxation. However, for simplicity and convenience the
method is referred to as SOR for all values of w. Kahan (1958) showed that the SOR method is unstable for
relaxation values outside of 0 < w < 2. The optimal value of the relaxation factor is problem specific. The SOR
method is guaranteed to converge if either (1) if 0 < w < 2, and (2) the matrix is symmetric positive-definite,
or strictly or irreducibly diagonally dominant. However, the method sometimes converges even if the second
condition is not satisfied. For simplicity, the relaxation parameter is set to 1.3 here and cannot be adjusted by
the user. The value of 1.3 has been found to work reasonably well for a wide range of problems. A simple
parallel version of the SOR is utilized here which is referred to as the Asynchronous SOR (ASOR) which uses
new values of unknowns in each iteration/updates as soon as they are computed in the same iteration (see
Chazan and Miranker 1969; Leone and Mangasarian 1988). The ASOR is part of a class of iterative solvers
known as chaotic relaxation methods. Since the order of relaxation is unconstrained, synchronization is
avoided at all stages of the solution. However, the convergence behavior can be slightly different for different
number of threads. The ASOR solver has been parallelized with OpenMP.

The SOR preconditioner is based on the SOR solver except that no convergence checking is done during the
iteration process (DeLong 1997). This is done for simplicity and to avoid additional computations associated
with the determining the convergence status. The SOR preconditioner is utilized for non-symmetric matrices.
The SOR preconditioner matrix is given by

The ILUO (Incomplete Lower Upper with Zero Infilling) is part of a large class of preconditioners which utilize
incomplete factorizations of the coefficient matrix. The effectiveness of the preconditioner depends on how
well the sparse matrix by factored into lower and upper sparse matrices. ILUO is one of the most common
types of incomplete factorizations. In this factorization, all non-zero values of the exact factorization which
are located in zero value positions are discarded. The advantage of the ILUO preconditioner is that it
preserves the structure of the original matrix. Another advantage of ILUO versus other similar factorizations
is that it does not require specifying additional tolerances and settings.
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4.2.4 Outer Loop Convergence Options

The outer loop refers to the loop in which the transport equations are coupled to the bed change and sorting
equations whereas the inner loop is the iterative solver loop. The outer loop is also necessary for updating
the deferred corrections from the high-resolution advection schemes. If a direct sparse matrix solver is
utilized, there is no inner loop. The maximum number of outer loop iterations may be set by user (see figure
below). The maximum number of outer loop iterations is a compromise between computational efficiency
and accuracy. If the sediment model is iterating every time step and going to the maximum number of
iterations, this is an indication, the either the time step is too big or the convergence tolerances have been
set too small. Outer loop convergence is monitored by change in the sediment concentrations and active
layer bed fractions between outer loop iterations. The convergence of the fractional total-load sediment
concentrations is assessed by means of two tolerances. The first is the maximum value of the absolute
differences (errors) in concentrations between outer loop iterations. The second is the root-mean-square of
the differences (errors) between outer loop iterations. For the first iteration, the error is approximated by
comparing the current concentrations with the previous time step values. The convergence of the active bed
grain fractions is assessed by means of a maximum absolute error tolerance. This approach works well for
both constant density and variable density simulations.
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HEC-RAS Sediment Computation Options and Tolerances

General 2D Computational Options I

Transport
Advection Scheme: | Upwind LI
Sediment Matrix Solver: | PARDISO LI

Implicit Sediment Weighting Factor: |1.
Quter Loop Convergence Tolerances:

Maximum # of Iterations: ’07
Concentration Max Abs Error (mg/L): W
Concentration RMS Error (mag/L): ’W
Grain Fraction Max Abs Errar: ’W

Computational Sediment Layer Parameters
Layer Thickness {Optional):

Initial  [0.05 Min [0.02 Max |n.25
# of Computational Layers (Optional): 0
Subgrid
Subgrid Erosion Method: | Constant ﬂ
Subgrid Deposition Method : | Veneer ﬂ

Max Subagrid Reaions (Optional): 1
Max Subgrid Length Scale (Optional):

Defaults ... |  Cancel | [T Show X5 Weights >> |

Figure 2. Outer loop Convergence Parameters.

Whenever, the sediment concentrations or active layer grain fractions do not converge or reach the
maximum number of iterations, a message is printed to the log file. In addition, the convergence status is
written to the HDFS5 file at the Mapping Output Interval. This log information can be used to optimize the
convergence parameters and computational time step.

When simulating Non-erodible Surfaces, the active layer grain fractions can vary significantly in a time step
and even within a time step (outer-loop iterations). Therefore, it is expected that when simulating Non-
erodible Surfaces with multiple-grain classes, at least one or two iterations will be needed for the active layer
fractions to converge. In fact, even when simulating a single grain class, iterations are still required because
for the sediment concentrations to convergence above Non-erodible Surfaces because the erosion rates are
limited before solving concentrations using an expression which includes an estimate of the deposition rates
from the previous iteration.
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4.2.5 Computational Sediment Layer Parameters

There are two types of layers in HEC-RAS. The first type is the bed layers which are used to specify the bed
gradations and the second is the computational bed layers which are used in the solution of the bed sorting
and layering. Specifying initial sediment bed layers is optional. If the user does not specify initial bed layers, a
vertically uniform bed composition is assumed, and computational bed layers are created based on the user-

specified initial bed layer thickness (see figure below).

Single User-specified Bed Computational
Layer or Bed Gradation Bed Layers
Bed Gradation A
: Initial Layer
Bed Gradation A IThickness

Bed Gradation A |:>
Bed Gradation A

Bed Gradation A

Figure 3. Calculation of computational bed layer thickness from a single user-specified initial bed layer or
bed gradation.

If the user specifies initial bed layers, these are subdivided (discretized) such that the initial bed layer
thickness is equal to or less than then the user-specified initial bed layer thickness (see figure below).

User-specified Computational
Initial Bed Layers Bed Layers
Bed Gradation A Bed Gradation A

Initial Layer
Bed Gradation B Thickness

Bed Gradation B

Bed Gradation B

Bed Gradation C

Bed Gradation C Bed Gradation C

Bed Gradation C

Figure 4. Calculation of computational bed layer thickness and composition from user-specified initial bed
layers.
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General 2D Computational Options |

HEC-RAS Sediment Computation Options and Tolerances

—Transport
Advection Scheme: I Upwind
Sediment Matrix Solver: I PARDISO

Implicit Sediment Weighting Factor:

—Quter Loop Convergence Tolerances:

Maximum # of Iterations:
Concentration Max Abs Error {mg/L):
Concentration RMS Error (mag/L):

Grain Fraction Max Abs Errar:

0.001

0.0001

0.00001

P

—Computational Sediment Layer Parameters
Layer Thickness {Optional):

# of Computational Layers (Optional):

Initial  [0.1 Min |0.05 Max

0.2

—Subgrid

Subgrid Erosion Method: I Constant

Subgrid Deposition Method : I Veneer

Max Subagrid Reaions (Optional):

Max Subgrid Length Scale (Optional):

T |

Defaults...l Cancel I

Show XS Weights >> |

Figure 5. Computational Sediment Layer Parameters section in the HEC-RAS Sediment Computation Options

and Tolerances editor.
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Figure 6. Example of a power-law parameterization of the critical shear for erosion as a function of the dry
bulk density.
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5 Sediment Output Options

The sediment output options are entered in the apply named Sediment Output Options editor which can be
accessed from the Option | Sediment Output Options... menu in the Unsteady Flow Analysis editor (see
figure below).

A Unsteady Flow Analysis X
File = Options Help
Plan: Stage and Flow QOutput Locations ... D: Im
Flow Distribution Locations ... Ll
Flow Roughness Factors ... Ll
Seasonal Roughness Factors ... LI
Pra Automated Roughness Calibration ...
g Unsteady Encroachments ...
Ungaged Lateral Inflows ...
Dam (Inline Structure) Breach ...
Levee (Lateral Structure) Breach ...
Sim SA Connection Breach ... !
Computation Options and Telerances ... W
Cor Output Options ... |
Cor Friction Slope Method for Cross Sections ... rval: |1 Minute :Iv
Moy Friction Slope Method for Bridges ... i R :lv
Pre Initial Backwater Flow Optimizations ... jent\Dixit\RAE E EI

Ti . . .
m Sediment Computation Options and Tolerances ... debug parameters

Sediment Output Options ...

@ Sediment Dredging Options ... % I

Figure 1. Opening the Sediment Output Options editor from the Unsteady Flow Analysis editor.

The Sediment Output Options editor allows the user to specify which variables to output and at what
frequency.
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Sediment Output Options

Sediment Output Options

Output Level: s ~ )
Mass or Volume? I Mass LI

Output Inarement: |Computahon Increment ﬂ

Primary Output Interval (Multiple of Output Increment) |1|

Bed Related Qutput for 2D
2D Water Column Output Interval (Mult, of Out. Increment) | 1
Only Used For 2D

[~ Cross Section Bed Change Output
Number of Increments Between XS Outputs: |-_.3

[~ Sediment Hotstart
[~ Initialize Data from Sediment Output File
Hotstart Type: |Gradation and XS ﬂ

Browse ||
Hostart Date: I— Hostart Time: l_

Legacy Gradational Hotstart (Backward Compatability)
[~ Write Bed Gradations to an Output File

[~ Read Gradational Data from Hotstart File

[V Write Classic Output (WSE Profile etc. - O flie)
[V Write Legacy Binary Output

II:lah-r Flux - I

Set RS to Write DSS Sediment Output... |

[~ write Sediment DSS Qutput by Grain Class

Select Customized Variables... | Clear Variables...

2D Cell Average Water Depth A
2D Cell Hydraulic Radius

2D Cell Suspended Concentration (by GC)

2D Cell TotalHoad Concentration (Total)

2D Cell Suspended Concentration (Total)

2D Cell TotalHoad Concentration (by GC)

2D Cell TotalHoad Conc Capacity (Total)

2D Cell TotalHoad Conc Capacity (by GC)

2D Cell TotalHoad Transport Potential (Total)

2D Cell TotalHoad Transport Potential (by GC)

2D Cell Bedoad Transport Potential (Total)

2D Cell BedHoad Transport Potential (by GC)

2D Cell Suspendedoad Transport Potential (Total)

2D Cell Suspended-load Transport Potential (by GC)

2D Cell Fraction of Suspended Sediments (Total)

2D Cell Fraction of Suspended Sediments (by GC)

2D Face Totaldoad Diffusion Coefficient (by GC)

2D Face Bedoad Diffusion Coefficent (by GC)

2D Face Suspendedoad Diffusion Coeffident (by GC)
2D Cell TotalHoad Correction Factor (by GC)

2D Cell Bedoad Correction Factor (by GC)

2D Cell Suspendedoad Correction Factor (by GC)

2D Cell Totaldoad Adaptation Coeffident (by GC)

2D Cell Bed-oad Adaptation Length (by GC)

2D Cell Suspended-oad Adaptation Coeffident (by GC)
2D Cell Critical Shear Stress (by GC) ¥

Create Geometry Files from Sediment Results ‘

Specific Gage Plot
Select Steady Flow File: | ~|

Compute Specific Gage... |

Select Summary Reach (Reservoir)... |

oK Cancel Defaults ...

Figure 2. Sediment Output Options editor.

+ Output Level (see page 91)
+ Output Interval Multiples (see page 93)

+ Customized Sediment Output Variables (see page 94)
+ Computational Level Output (Troubleshooting) (see page 100)

« Sediment Hotstart (see page 104)
+ Sediment Restart (see page 106)

5.1 Output Level

The Output Level allows the user to control how much logging information is written to the Computation Log
File as well as select a predefined list of output variables. The Output Level is set within the Sediment Output
Options editor which is accessed by clicking on the Options | Sediment Output Options menu within the
Unsteady Flow Analysis editor (see figure below).
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Sediment Output Options

Sediment Qutput Options Select C ized Variables... | Clear Variables...
E 2D Cell Average Water Depth A
IOutput Setet I 2D Cell Hydraulic Radius

2D Cell Suspended Concentration (by GC)
2D Cell TotaHoad Concentration (Total)
2D Cell Suspended Concentration (Total)
2D Cell Totaldoad Concentration (by GC)
2D Cell TotalHoad Conc Capacity (Total)
20 Cell TotalHoad Conc Capacity (by GC)
2D Cell TotalHoad Transport Potential (Total)
2D Cell TotaHoad Transport Potential (by GC
2D Water Column Output Interval (Mult. of Out. Increment) [ 20 Cell Beddoad Trarsmputenh‘al (T(:Ytz\) )
Orly Used For 2D 20 Cell Bed-oad Transport Potential (by GC)
2D Cell suspended-oad Transport Potential (Total
L 2D Cel Suspendsd-oad Transpart Potantl gy GE)

Mass or Volume?

Output Incement:

Primary Output Intery
Bed R

Number of Increments Between XS Outputs: [19 2D Cell Fraction of Suspended Sediments (Total)
i 2D Cell Fraction of Suspended Sediments (by GC)
Sediment Hotstart 2D Face Total4oad Diffusion Coefficient (by GC)
. a 2D Face Bed-oad Diffusion Coefficent (by GC)
[ Initiakze Data from Sediment Qutput Fle 2D Face Suspended-oad Diffusion Coeffident (by GC)
Hotstart Type: Gradation and XS - | 2D Cell Totaldoad Correction Factor (by GC)
° i 2D Cell Bed4oad Correction Factor (by GC)
Browse | 2D Cell Suspended-load Correction Factor (by GC)
2D Cell TotalHoad Adaptation Coeffident (by GC)
Hostart Date: Hostart Time: 2D Cell Bed+oad Adaptation Length (by GC)

2D Cell Suspended-oad Adaptation Coefficent (by GC)
2D Cell Critical Shear Stress (by GC)

Legacy Gradational Hotstart (Backward Compatability)
[~ Write Bed Gradations to an Output File

[~ Read Gradational Data from Hotstart File Create Geometry Files from Sediment Results |
rowse
—“ [~ Spedfic Gage Plot
Select Steady Flow File: I b I
[v Write Classic Output (WSE Profile etc. - O flie)
Compute Spedific Gage... |

[V Write Legacy Binary Output
ite Sed i iy Fi -

[~ Write Sediment DSS Output by Grain Class Daily Flux e ry Reach (Reservai)... |

Set RS to Write DSS Sediment Output... |

oK | Cancel | Defauﬂs,,,'

Figure 1. Opening the User Defined Grain Classes editor from the Sediment Data editor.

Table 1. Output sediment variables as function of the Output Level.

Output Level Sediment Output Variable Units
=1 Cell average bed change ftorm
=1 Cell total total-load concentration mg/L
=2 Cell average bed elevation ftorm
=2 Cell total total-load concentration capacity (i.e. mg/L

equilibrium total-load concentration).

=3 Cell fractional total-load concentrations (for each mg/L
grain class)

=4 Cell fractional total-load concentration capacities mg/L
(i.e. fractional equilibrium total-load
concentrations)
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=5 Cell total fraction of suspended sediments (not by -

grain class)
=5 Cell total total-load transport potential Ib/ft/s or kg/m/s
=6 Cell fractional fraction of suspended sediments -

(for each grain class)

=6 Cell total bed shear stress Ib/ft? or Pa
>6 Cell grain bed shear stress Ib/ft? or Pa
>6 Cell critical shear stress for each grain class Ib/ft2 or Pa
=6 Cell fall velocity for each grain class ft/s orm/s
>6 Cell 16™ percentile diameter (d+g) mm
>6 Cell 50t percentile diameter (dsq) mm
=6 Cell 90t percentile diameter (dgg) mm

5.2 Output Interval Multiples

Sediment transport output is classified into two groups referred to as Output Blocks: (1) Sediment Transport
and (2) Sediment Bed. The main reason for this classification is to be able to easily control the output
interval of variables which vary at similar time scales. Generally, "transport variables" which are usually within
the water column (e.g. concentrations, transport rates, etc.) vary at time scales similar to the hydraulics,
while sediment variables on the bed (e.g. bed elevations and gradations) vary at longer time scales. Allowing
the user to specify different output intervals for these two output groups helps reduce the size of the HDF5
Output File by allowing the user to specify a larger output interval for variables which change slowly,
compared to the hydraulics. The variables which correspond to the Sediment Bed are the bed roughness's,
bed elevations, bed changes, bed change rate, bed slopes, bed layer fractions, bed layer thicknesses, bed
layer percentile diameters, bed layer dry densities. All other variables correspond to the Sediment Transport
group. The precise Output Block for each output variable is noted in the captions of Tables 26 through 214.
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5.3 Customized Sediment Output Variables

There is a large number of variables that the user can select to output. The optional output variables are
selected within the Sediment Output Options editor which is accessed from the Options | Sediment Output
Options... menu from the Unsteady Flow Analysis editor. The following Tables list all of the optional output
variables related to 2D sediment transport and their units.

Table 1. Output hydraulic variables. These variables correspond to the Sediment Transport Output Block.

Output Variable Units
Shear Stress Pa or Ib/ft?
Shear Velocity m/s or ft/s
Velocity m/s or ft/s
2D Cell Hydraulic Depth m or ft

2D Cell Hydraulic Radius m or ft

2D Subcell Velocity m/s or ft/s
2D Subface Hydraulic Radius m or ft

Table 2. Output sediment concentrations. These variables correspond to the Sediment Transport Output

Block.
Output Variable Units
2D Cell Total-load Concentration (Total) mg/L
2D Cell Total-load Concentration (by GC) mg/L
2D Cell Suspended Concentration (Total) mg/L
2D Cell Suspended Concentration (by GC) mg/L
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2D Cell Bed-load Concentration (Total) mg/L
2D Cell Bed-load Concentration (by GC) mg/L
2D Cell Total-load Concentration Capacity (Total) mg/L
2D Cell Total-load Concentration Capacity (by GC) mg/L
2D Cell Suspended Concentration Capacity (Total) mg/L
2D Cell Suspended Concentration Capacity (by GC) mg/L

Table 3. Output sediment transport potentials. These variables correspond to the Sediment Transport Output

Block.
Output Variable Units
2D Cell Total-load Transport Potential (Total) kg/m/s or Ib/ft/s
2D Cell Total-load Transport Potential (by GC) kg/m/s or Ib/ft/s
2D Cell Bed-load Transport Potential (Total) kg/m/s or Ib/ft/s
2D Cell Bed-load Transport Potential (by GC) kg/m/s or Ib/ft/s
2D Cell Suspended-load Transport Potential (Total) kg/m/s or Ib/ft/s

2D Cell Suspended-load Transport Potential (by GC)

kg/m/s or Ib/ft/s

Table 4. Output sediment transport variables. These variables correspond to the Sediment Transport Output

Block.

Output Variable

Units

Sediment Output Options — 95



HEC-RAS 2D Sediment User Manual — HEC-RAS 2D Sediment User Manual

2D Cell Fraction of Suspended Sediments (Total)

2D Cell Fraction of Suspended Sediments (by GC)

2D Face Total-load Diffusion Coefficient (by GC)

m?/s or ft%/s

2D Face Bed-load Diffusion Coefficient (by GC)

m2/s or ft?/s

2D Face Suspended-load Diffusion Coefficient (by GC)

m?/s or ft?/s

2D Cell Total-load Correction Factor (by GC)

2D Cell Bed-load Correction Factor (by GC)

2D Cell Suspended-load Correction Factor (by GC)

2D Cell Total-load Adaptation Length (by GC) m or ft
2D Cell Total-load Adaptation Coefficient (by GC) -
2D Cell Bed-load Adaptation Length (by GC) m or ft

2D Cell Suspended-load Adaptation Coefficient (by GC)

2D Cell Erosion Rates (by GC)

kg/m?/s or Ib/ft%/s

2D Cell Deposition Rates (by GC)

kg/m?/s or Ib/ft?/s

2D Cell Deposition Dry Density

kg/m? or Ib/ft3

Table 5. Output incipient motion variables. These variables correspond to the Sediment Transport Output
Block.

Output Variable Units
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2D Cell Critical Shear Stress (by GC) Pa or Ib/ft2

2D Cell Critical Velocity (by GC) m/s or ft/s

2D Cell Hiding and Exposure Correction Factor (by GC) -

Table 6. Output sediment settling variables. These variables correspond to the Sediment Transport Output

Block.
Output Variable Units
2D Cell Settling Velocity (Total) m/s or ft/s
2D Cell Settling Velocity (by GC) m/s or ft/s

It is noted that the units of density in the US Customary Unit System are represented as Ib/ft3. Here Ib
represent pounds mass and are obtained by multiplying slugs/ft® by a standard gravity of 31.174 ft/s?.

Table 7. Output sediment active layer variables. These variables correspond to the Sediment Bed group

(Output Block).
Output Variable Units
2D Cell Active Layer d10 mm
2D Cell Active Layer d16 mm
2D Cell Active Layer d35 mm
2D Cell Active Layer d50 mm
2D Cell Active Layer d65 mm
2D Cell Active Layer d84 mm
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2D Cell Active Layer d90 mm
2D Cell Active Layer Dry Density kg/m? or Ib/ft3
2D Cell Active Layer Fractions by mass

2D Cell Active Layer Porosity -

2D Cell Active Layer Thickness m or ft

2D Subcell Active Layer d10 mm

2D Subcell Active Layer d16 mm

2D Subcell Active Layer d35 mm

2D Subcell Active Layer d50 mm

2D Subcell Active Layer d65 mm

2D Subcell Active Layer d90 mm

2D Subcell Active Layer Dry Density kg/m? or Ib/ft3

2D Subcell Active Layer Porosity -

2D Subcell Active Layer Fractions by mass

2D Subcell Active Layer Thickness m or ft

Table 8. Output Sediment bed Composition and layering variables. These variables correspond to the
Sediment Bed Output Block.

Output Variable Units

2D Layer Fractions -
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2D Layer Thickness

m or ft

2D Layer Dry Density

kg/m? or Ib/ft3

Table 9. Output bed roughness variables. These variables correspond to the Sediment Bed Output Block.

Output Variable Units

2D Cell Manning Total s/m/3
2D Cell Manning Grain s/m/3
2D Cell Manning Bedform s/m1/3
2D Cell Manning Transport s/m173

Table 10. Output bathymetry variables. These variables correspond to the Sediment Bed Output Block.

Output Variable Units

2D Cell Bed Change m or ft

2D Cell Bed Change (by GC) m or ft

2D Cell Bed Change Mass ton

2D Cell Bed Change Mass (by GC) on

2D Cell Bed Change Rate m/s or ft/s
2D Cell Bed Change Volume m?33 or ft3
2D Cell Bed Change Volume(by GC) m? or ft3
2D Cell Bed Elevation m or ft
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2D Face Bed Elevation m or ft
2D Face Bed Change m or ft
2D Face Bed Change Rate m/s or ft/s
2D Subcell Bed Elevation m or ft
2D Subcell Bed Change m or ft
2D Subface Bed Elevation m or ft
2D Subface Bed Change m or ft

5.4 Computational Level Output (Troubleshooting)

5.4.1 Computational Log File

Sometimes a 2D sediment model will crash without iteration or other useful information in the runtime
window.
Unsteady Flow Simulation
Simulation: [ [
Time: 65,2047 28DEC2015  17:12:17 Iteration (10): Iteration (2D): 20
Unsteady Flow Computations
Computation Messages
28DEC2015 17:12:11  timestep = 5.625 (sec)

2D Solution wnt unstable

In 2D area Dard_Lower2

At time:
Cwerall Volume Accounting Error in Acre Feet: 370.0
Cwverall Volume Accounting Error as percentage: 0.04315

Please review "Computational Log File™ output for volume accounting details

The runtime window only provides information on they hydraulic iterations. It does not include information
on sediment iterations. But you can access sediment convergence and critical cell information to help
troubleshoot a model like this. The image below includes an example of a single time-step result from a
default computational log file (with three grain classes). By default (sediment output "Level 3"), the
computational log file includes information on the final convergence criteria for concentration and active
layer gradation, for each grain class, at the end of each time step.
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STATUS: Sediment: Dard Lower2, Time (hrs): 27.90000, Time Step (s): 22.5000

Transport Convergence: .
Outer Convergence: Converged Concentration
Iter State MaxAbsCor( cell) RMSCor Units status
1 1.838e+00( 6536) 2.320E-02 mg/L Continue
5 2 1.588E+00( 6536) 1.306E-02 mg/L Continue
5 3 1.679e+00( 6536) 1.266E-02 ma/L Continue
Active Layer Grain Cl asg Fra.ténon?_l §%):
Iter Grain MaxAbsCor( ce status i
5 1 9.404E+OUE 55353 continue | FCtive Layer
5 2 2.186E+00 6535 Continue i
5 3 1.159e+01( 6535) Divergent Gradation

The file will only reflect the input parameters unless you request computational level output. To turn on the
computational level output select Options — Output Options from the Plan editor and choose

the Computation Level Output Options tab.

HEC-RAS - Set Output Control Options

Restart File Options | Detailed Log Output | Computation Level Output Options | ] HOFS Write Parameters |

W Write Computation Level Output Fie |

Optional specified time window (entire simulation is used unless spedfied)
Starting Date: 11 starting Time:
Ending Date: J Ending Time:

additional Vari
[~ WS Error

[~ velacity Total
[~ Flow Error ™ Courant in Channel
[ Depth [~ Courant Total
[~ Invert

[~ Velodty in Channel [~ Differential Equation Parts

x|

Cancel |

To access the Computational log file, select Options — View Computatio

nal Log File from the Plan editor.
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A Unsteady Flow Analysis P4
File Options Help
Plan: Stage and Flow Output Locations ... in
Flow Roughness Factors ... | 'I
Seasonal Roughness Factors ... ﬁ
Autemated Roughness Calibration ... 1 vl
Pro Autemated Flow Optimization ...
v
I~ Unsteady Encroachments ...
Ungaged Lateral Inflows ...
]
Dami (Inline Structure) Breach ...
r Levee (Lateral Structure) Breach ... |
=i 5A Connection Breach ... .
- Turn Computational
Computaticn Options and Tolerances ...
co [Outpet Options - le— Level Output On
C
| Friction Slope Method for Cross Sections ... T
Map H Il Hour -
Friction Slope Method for Bridges ... =
P Jsas\Kabe Poo [ X
b Initial Backwater Flow Optimizations ... i g J
Time Aaby . I
Com Sediment Computation Options and Tolg|
I Sediment Output Options ... I‘— Se |E‘Ct th e LEVE|

Sediment Dredging Options ...

~  Check Data Before Execution

[ViewComputstiontogFie Je——  V/iew the Result

View Runtime Messages ...

5.4.1.1 Controlling the Computational Log File

Users can control two aspects of the computational log file that affect the amount of data it includes: the
time step and the "Output Level." This is a simple text file and it can get very large, so you can use these
controls to optimize the tradeoff between useful information and file size.

First, this file writes to the Mapping Output Interval. You will get results at this time step.
r~ Computation Settings
Computation Interval: 10Second ~ _I Hydrograph Output Interval: |5 Minute ﬂ
Mapping Output Interval: |6 Minute v Detailed Output Interval: ~ [1Hour |

Project DSS Filename: Ll |C:\JJsers‘\thecsag\DummenE\Pm_‘iecis\.ﬁ.rkansas\.l(atie Poo g ﬂ

Second, the "Sediment Output Level" controls the amount of data included in this file. You can se the Output
Leve by navigating to Options — Sediment Output Options in the Plan editor. The default output level ("3")
includes the final convergence results for concentration and active bed fractions for each grain class, the
end of each Mapping Output Interval. It also lists the convergence status and the cell with the larges error
during that time step.
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~ Sediment Qutput Options
Output Level: I3 = @)
Mass or Volume? Il'-'lass LI

Output Increment: |Cnr'ru:|u1atim Incremenit ;l

Prirmary Output Interval (Multiple of Output Increment) 1
Bed Related Output for 20

20 Water Colurnn Output Interval (Mult. of Out, Increment) [
Cnly Used For 2D

Higher levels include information on the sub-iterations of each Mapping Output Interval.

5.4.1.2 Interpreting the Computational Log File

Overall Convergence Status

STATUS: Sediment: Dard Lower2. Time (hrs): 27.90000, Time Step (s): 22.5000
Transport Convergence: v .
Outer Convergence: Converged Concentration
Iter State MaxAbsCor( cell) RMSCor Units Status
5 1 1.838E+00( 6536) 2.320E-02 mg/L Continue
5 2 1.588E+00( 6536) 1.306€E-02 mg/L Continue
5 f 1.??9E+00( 6f36) 1.266E-02 mg/L Continue
Iteration Grain  Maximum  Cell With Units of Grain Class
—— Class  Absolute  Max Error Correction Status
ist::t:gfj ;i;?es (This madel COTrECt-IOI'I {Cell 6536 had the (MaxAbsCor and (Convergence status of
only reports the has 3 grain Cell 5536 had r|_'|ax errorin this RSMCDrhave_ each graip cl.ass at the
final iteration) classes) (Ce ad the time step) Concentration Units)  end of this time step)

max error in this time

step. Reported in the
specified “Units™
which is mg/L)

Active Layer Grain Class Fractions (%):
Iter Grain MaxAbsCor( cell) Status Active Layer

5 1 9.404E+00E 6535% continue Gradati
5 2 2.186E+00 6535 Continue radation
5 3 1.159e+01( 6535) [Divergent]

T T T

Iteration Grain Maximum  Cell With Grain Class

(This model is Class  Absolute Max Error Status

iterating 5 times H

<o at level 3 it (This model COTTECHION ) caae o the (Convergence status of

only reports the has 3 grain o max errorinthis  each grain class at the

final iteration) classes) (This is in %. time step) end of this time step.
Therefore, grain class Grain Class 3 neads
3 has a MaxAbsCor of attention)

11.56%)

At output level 3 the Computational Log file generates the output pictured above for concentration and active
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layer gradation at the end of each Mapping Output time step. For higher output levels, HEC-RAS will write
this same information at the end of each iteration within the time step (e.g. the result above has five
iterations so it would generate five of these results per time step). The log file reports results by grain class
and provides the Maximum Absolute Correction and the Root Mean Squared Correction. (Note: In sediment
"correction” is the same as "error" in hydraulics. Itis just the difference between the solution at the beginning
and end of the iteration). The Max Absolute is spatial, it reports the cell with the biggest difference between
the beginning and end of the iteration. The MaxAbsCor is in mg/L for concentration and % for gradation.
This file also reports the cell with the largest error (like the runtime window does The RSMCor is a more
general diagnostic. It reports a root mean squared value of the differences between results at the beginning
and end of the simulation for all cells so you can tell how the model is converging on average.

Finally, each grain class gets one of four designations to indicate its convergence status at the end of the
time step (Output Level 3) or the iteration (Output Levels >3). These are described below.

Status Definition

Converged The solution at the end of the iteration is within the convergence tolerance
of the result of the previous iteration. However, if the other grain classes
have not converged, it will continue to iterate because the grain classes
are coupled.

Continue This grain class did not reach the criteria by the end of the iteration but did
not diverge. The model will carry over the best result to the next time step.

Iterating The grain class has it hasn't converged yet but it hasn't reached max
iterations yet. (Will only show up in intermediate iterations, not the final -
so this should never show up for "Level 3 or lower").

Divergent The grain class not only did not converge but the difference increased until
it reached some large divergence criteria (e.g. 100X the initial solution).
This grain class is unstable for this time step.

5.5 Sediment Hotstart

5.5.1 Overview

The Hotstart feature allows the sediment model to be initialized based on the model output from a previous
simulation. The feature also allows the user to choose what type of information to utilize from the previous
model simulation and what to ignore. There are three types of Sediment Hotstarts:

1. Bed Gradations and Bed Elevations
2. Bed Gradations Only
3. Bed Elevations Only
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Sediment concentrations are hotstart only if the hydraulics is also initialized with a Prior Solution no matter
what Sediment Hotstart Type is selected.

5.5.2 Specifying the HotStart File

The Hotstart file is specified as part of the plan data in the Sediment Output Options of the Unsteady Flow
Analysis editor.

Sediment Output Options

Sediment Output Options Select Customized Variables... | Clear Variables...
. 2D Cell Active Layer Fractions

IrrnisEt 5 = @] 2D Cell Active Layer Porosity

Mass or Volume? Mass > 2D Cell Active Layer Thickness

2D Cell Active Layer Dry Density

Output Increment:  |Computation Increment v

Primary Output Interval (Multiple of Output Increment) 1
Bed Related Output for 2D

2D Water Column Output Interval (Mult. of Out. Increment) |[4
Only Used For 2D

[~ Cross Section Bed Change Output

Number of Increments Between XS Outputs: [1p

Sediment Hotstart

[v Initialize Data from Sediment Output File

Hotstart Type: Gradation and Bed Elev =~ v

Browse IC: \Projects\ArkansasRiver \Pool2.p10.hdf

Hostart Date: [190cT2020 Hostart Time: [1200

Specific Gage Plot
[¥ Write Classic Output (WSE Profile etc. - O flie) Select Steady Flow File: =

|V Write Legacy Binary Output o Soealic G |
[~ Write Sediment DSS Output by Grain Class Daily Flux -

Set RS to Write DSS Sediment Output... | Select Summary Reach (Reservoir)... |

Create Geometry Files from Sediment Results

OK | Cancel | Defaults...l

Figure 1. Sediment Hotstart section within the Sediment Output Options editor.

5.5.3 Hotstart Variables

5.5.3.1 Bed Gradations

When hotstarting bed gradations, the following datasets are always to read in:

1. Layer Fractions or if it does not exist the Cell Active Layer Grain Fractions
2. Layer Thickness
3. Layer Dry Density

Note that if the Layer Fractions dataset does NOT exist in the Hotstart file, then the program will try to read

the Cell Active Layer Grain Fractions dataset. If the program cannot find any of the datasets, then the specific
variable is not hortstart.
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None of the variables are above are output by default and therefore need to be turned on when creating the
Hotstart file.

5.5.3.2 Bed Elevations
When hotstarting bed elevations, the following datasets are read in:

1. Subcell Initial Hydraulic Bed Elevations
Subcell Hydraulic Bed Change

Subcell Initial Bed Elevation

Subcell Bed Change

Subface Initial Bed Elevation

Subface Bed Change

o g > w0 D

5.5.3.3 Sediment Concentrations
When hotstarting sediment concentrations, the following datasets are read in

1. Cell Total-load Concentrations

Even though the option to read in the sediment concentrations is tied to whether the hydraulics is also
hotstart, the sediment concentrations are read in from the sediment HotStart file at the sediment Hotstart
date and time.

5.6 Sediment Restart

5.6.1 Overview

The Restart feature writes the state of the model at a user-specified time or intervals and can be used to
initialize a subsequent simulation. The Restart File contains all of the necessary information for hydraulics,
infiltration, precipitation, and sediment transport to initialize a simulation state. The main limitation of the
Restart File is that the Geometry, number of active grain classes, number of bed computational bed layers,
and subgrid resolution must the same in both the simulations writing and reading the Restart File. Reading
and writing Restart Files is supported in HEC-RAS Versions 6.2 and later.

5.6.2 Writing a Restart File

The options to output the Restart File (also referred to as the Initial Condition file) are set within the Output
Options editor which can be accessed from the Unsteady Flow Analysis | Options menu (see figure below).
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A Unsteady Flow Analysis X ‘
File = Options Help
Plan: Stage and Flow Output Locations ... Sed
Flow Distribution Locations ... LI
Flow Roughness Factors ... LI
Seasonal Roughness Factors ... LI
Pro Automated Roughness Calibration ...
[l; Unsteady Encroachments ...
Unsteady Encroachments (new) ...
r Ungaged Lateral Inflows ...
l_ Dam (Inline Structure) Breach ...
E Levee (Lateral Structure) Breach ...
SA Connection Breach ... F 0000
: [l200
ot Computation Options and Tolerances ... 1
Cor I Output Options ... " I grval: [m
May Friction Slope Method for Cross Sections ... ‘I: SAID :I'
IE Friction Slope Method for Bridges ... int\4x4\Four g E
Initial Backwater Flow Optimizations ... debug parameters |
Sediment Computation Options and Tolerances ...
Sediment Output Options ... ;
@ Sediment Dredaina Ontions . W

Figure 1. Opening the Output Options editor from the HEC-RAS Unsteady Flow Analysis editor.

The Restart (Initial Conditions) File options are set within the first tab of the Output Options editor (see
figure below).

HEC-RAS - Set Output Control Options ‘

Restart File Options I Detailed Log Output I Computation Level Qutput Options I HDFS5 Write Parameters

v Write Initial Condition file(s) during simulation

First file time
" Hours from begining of simulation: I
* Fixed Reference:  Date: IO 1JAN1997 _I Time: |0600
Filename: F:Iwu ByFourTest.p03.DDMMMYYYY hhmm.rst

Second and additional restart files written:

|
Hours between writes (blank for none): |72-
[v Write Initial Condition file at the end of the simulation

OR Cancel |

Figure 2. Restart File Options tab of the HEC-RAS - Set Output Control Options editor.

A single or first Restart File may be output at a specific from the beginning of the simulation or a fixed
reference time. A second and additional restart file may be specified at a user-specified time interval. Finally,
the option is also provided to write a Restart File at the end of the simulation. In the example above, the first

Sediment Output Options — 107



HEC-RAS 2D Sediment User Manual — HEC-RAS 2D Sediment User Manual

Restart File is specified on January 1, 1997 06:00 AM, subsequent Restart Files are written every 72 hours,
and a final one is written at the end of the simulation.

5.6.3 Specifying the Restart File

In order to initialize a simulation with a Restart File, the file name and path are specified within the Initial
Conditions tab of the Unsteady Flow Data editor as shown in the figure below.

A Unsteady Flow Data - steady - O X

File Options Help

Description: | ...| _ApplyData |

Boundary Conditions  Initial Conditions | Meteorological Data | Observed Data |

Initial Flow Distribution Method

(* RestartFilename: |D:|FourByFourTest.p03.01JAN1997 1200.rst =

¢ Prior WS Filename: | = |
Profile: I ;]

" Enter Initial flow distribution (Optional - leave blank to use boundary condtions)

| [river [Reach |rs | Initial Flow

I oo ca o) |

I~ Keep initial elevations constant during warmup 2]

=/

Storage Area/2D Flow Area Initial Elevation
2D: TwoDArea

[

(=]

IC Point: R1

Figure 3. Specification of the Restart File within the Initial Conditions tab of the Unsteady Flow Data editor.
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6 Viewing Results

+ Viewing Sediment Results in RASMapper (see page 109)
+ HDF5 Output and the Log File (see page 117)

6.1 Viewing Sediment Results in RASMapper

HEC-RAS and RASMapper do not write sediment results by default. The default results include Depth,
Velocity, and Water Surface Elevation (WSE). Users must add sediment results to the Results tab like they
would add any other hydraulic parameters. Expand the Results node in the RASMapper tree. Each simulated
plan has a node under Results. Right click on the plan and select Create a New RAS Map Layer to add
variables.

_ Plan Short Description
#-[_] Event Conditions

= [v] Results
& [v] Case3 VacDens
[]Event| g5 RAS Results Information
@-[] Geomy _
[] Depth I&] Zoom to Layer
\ )
g iféc;: Remove Layer
[]Map Layers Move Layer »
&[] Temains Open Folder in File Explorer
Terrain_W

Show Compute Messages ...

|E Create a New Results Map Layer...
:ﬁ Create a New Calculated Layer...

Manage Results Map Layers...
View Result in 3D

Sample Stored Map (Debug)

Pixel By Pixel DV: True

Post Process

Initial Conditions »

Figure 1. Right click on the Plan Description under Results and Select Create a New Results Map Layer to add
Sediment results (or non-default hydraulic results).

The Results Map Parameters editor has two main Map Types: Hydraulics and Sediment. Expand the
Sediment tree in the left pane of the editor to see the available sediment parameters. The figure below
includes the default sediment results avialble. Select additional 2D sediment results by selecting Customized
Variables in the Sediment Output Options menu.

Viewing Results — 109



HEC-RAS 2D Sediment User Manual — HEC-RAS 2D Sediment User Manual

H Results Map Parameters X
Map Type Unsieady Profile Map Output Mode
- Hydraudics £ Generated for Current View (in memaony)
= sedment - {* Raster (with Associated Terrain)
= Sediment Bed i :
Active Layer Dry Densty & Profile E ot Fowken |eyer: =]
Stored (saved to disk —
Bed Bevation " Raster based on Terrain: |'n.-"e in_Wih_Wals_0p01r J
Depostion Materal Dry Density O0EDEC2016 00:00:20 -
Depostion Matenal Porosty gggg%:{g {%%ﬁ " Point Feature Layer: J
1 Srd_Bd\a_;ge Material Dry Densty 02DEC2016 D0.00-50 " Polygon Boundary at Value: 7
& Sediment Transport 08DEC2016 00:01:.00
Totaldoad Capacity Q08DEC2016 00:01:10
= Totaldoad Concentration 0GDEC2016 00:01:20 Mao T ayer N
<L 08DEC2016 00:01:30 WAL =
VFG 0SDEC2016 00:01:40 v o Bed Change
FG
MG
TotaHoad Transport Rate
Map Type: A Map layer will be created for A general map-type for 2D-only datasets.
Map Mode: Map results are generated ondhe fly for the cument view. I Add Map | Close

Figure 2. Two types of sediment results (Bed and Transport) in the Results Map Parameter editor.

2D sediment maps fall into two main catagories: Sediment Bed Maps and Sediment Transport Maps.
Sediment Bed maps include results like bed change, bed elevation, bed gradation, and other bed properties.
Sediment Transport includes results like concentration, capacity, and other results dynamic, water column or
flux results. Any results that HEC-RAS also computes by grain class will also include an expandable tree of
results (like Total-load Concentration in the example above). Select the variable node (e.g. Total-load
Concentraiton in the example above) to add the Total and all the grain classes to RASMapper. Or, click on
one of the sub nodes (e.g. Total, VFG, MG) to add only the total or only one grain class at at time. In the
example bleow the user added Bed Change and all of the Total-load Concentration results but is only
diplaying the Fine Gravel Concentration (FG).

Simply clicking the checkbox to turn sediment results on often does not display any results because
sediment reuluts are often not initialized in the first time step.

Use the animation bar to view results through time. Al 2w
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RAS Mapper - O x
File Project Tools Help
Selacted Layer- Ganeric 20 Map hh @A e u EMS B T L]"I*
e E’P“:ﬁe e Selected: 'FG' 08DEC2016 00:02:50
El- [v] Geometries
#- [#] 20_Flume_0p1m_\with_\Walls
"] Event Conditiors
£ [#] Results Tt
(=[] Casel Var Dens == =
0] Event Conditions e e
B[] Geometry
- [] Depth (0BDEC2016 00:00:00) ==
[ Velocity (0BDEC2016 00:00:00) S S SESSESEESEESESSSSE ISSSEEESE)
[ 'WSE (08DEC2016 00-00:00)
- [] Bed Change (08DEC2016 00:12:00)
[=I- [#] Total-load Concentration 290
[] Tetal (08DEC2016 00-00:00) ’
VG (QRDEC2016 00-00: 825
J&ZFG (vspEC2016 00:0250) | 860
MG [0BDEC2016 D0:00:00) 435
] Map Layers 330
=[] Termains )
Terrain_\With_\walls_Dp0im 165
00
(10.0340, 1.5764 1 pixel = 0.0033 m) 2m L J

Figure 3. Example use of the animation bar to view sediment concentrations in time.

HEC-RAS 6.0 cannot plot cell face results yet.

Modeling Note — Subgrid Visualization - Because the 2D model updates the bed on the subgrid scale but RAS
Mapper does not display subgrid results yet, RAS Mapper will map average results over the wet, dry, or total
cell. "Wet" cell results will average the bed properties and bed change properties from the sub-grid portions
of the cell below the computed water surface elevation and "dry" results plot the sub-grid results for the cell
above the computed water surface. Sediment bed results that are not specified as wet or dry average results
over the whole cell.

After adding the map or maps, Close the Parameter Selection editor. The selected map(s) should appear
under the plan heading in the Results node (see Figure below). It is almost always useful to edit the default
color ramp to visualize sediment results, and there are some standard practices for some variables. To edit

layer properties, right click on the map and select Layer Properties (see figure below).

BE Layer Properties |

This will launch the Layer Properties editor (see figure below). To edit the color ramp press the Edit button
under Surface.
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a RAS Mapper
Project
Selecied Layer: Bed Change

File Tools Help

OO®Rx X

= ] Feahwes
] Profile Lines
= [+ Geometries
B [ 20_Flume_Oplm_\with_iwalls
&[] Event Condiions
=[] Resuls
= [ Cased Var Dens
[ Event Conditions
®- ] Geometry
[ Depth (0BDEC201E 00:00:00)
[ Velecity (08DEC2016 00:00:00)
[0 WSE (0BDEC2016 00:00:00)

[ Map Layers.
=[] Temrana
7] Tesrain_With_Walls_Op01m

] Bed Change (DEDEC2016 O
# [ Total-load Concentration ol Layer Properties

&

=]

I+

Edit Map Parameters

View Map in 3D Viewer
Zoom to Layer

Add Watch to Layer Values

Rernove Layer
Move Layer ¥
Export Layer ¥

Export RAS Tiles for Web Mapping

Show Surnmary Statistics

T
A \ieews: | Profile Lines | Actrve Features | Layer Va!uu]

(-0.1360. 2.1537 1 pixel = 0.0742 m)

=]
Visushization and Information | Features | Source Fies |
Vactor
Pont _® | Line Fill
[T Label Features with Attribute Columnis)
Surface
F ™ Update Lagend with View
0.082 | Seretched
0.067
o —
0016
-0.000
-0.034
0058

Centours | Hillshade

™ Plot Contours  Interval: [5 Color

=

 Pict Hillshade Z Facior: |3 -

=
7“' j 100%

Addtional Options

. Flot 20 Hydraulic Conmectivity
Plot 20 Water Surface Gradient (Asrow. WSEL High->L
= Draw Map Values
= Draw Perpendicular Face Velocities

Face Low-Elevation Cantroid
Display Arrival Times as Dates

— |
Edit

Type: RASResultsMap (DEBUG)

Copy Symbology | Paste Symbology | [ Reset Symbology |

Draw True Face Velocites (interpolated

2

Figure 4. To edit the color ramp and display properties of the sediment maps, right click on the map and
select Layer Properties. Then Click Edit under the Surface menu.

RAS Mapper includes a standard Bed Change color ramp designed to display this common sediment result
map (see figure below). However, this display works best if it is symmetrical, where white is "no/minor
change" and aggradation and degradation get their own colors. To make bed change symmetrical, turn of the
Use Dataset Min/Max to make the Min and Max editable, and then set them both equal to whichever value is
larger, making sure to keep the Min negative (e.qg. if the Max in the example below is 0.091 and the Min is
-0.073, set the Min to -0.091 to make the bed change display symmetrical).
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Turn . Select Surface Fill O

“Dataset | Surfece Symbol Setings |

Min/Max” Available Color Ramps: [ RAS Defaults ¥ User Defined ) Select i
off Color Ramp: [T i -| ¢4+—— “Bed Change

m_m ummm 1 R Color Ramp
Make Max | i s o vaes: — - |€——— Press
and Min Equa.ﬂ B e “Create Ramp Values”
Valuess,i:npsposne | Vake | Color oo | 658 0% o2 | Buttonto Enforce

255 0

i Changes

006
003
0.00

003

1006

003

Reverse Colors |  Save Color Ramp |

ok | cancel |)

Figure 5. Setting the Max and Min to equal values (whichever abolute value is larger) with opposite signs,

centers the Bed Change plot, making all depsoitin and erosion the same colors and the range of no change
white.

RAS Mapper has two default sediment color maps: Bed Change and Concentration.
Bid Change -
[SSSmEiCongentration =

Modelers will develop preferred color ramps and visualization approaches. RAS Mapper allows users to add
customized color ramps and visualization parameters to the color ramp editor (see figure below). Edit the
color ramp to optimize the visualization, then press Save Color Ramp. Give the customized color ramp a
name, and it will show up at the bottom of the color ramp list for any result in this project.
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B
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Figure 6. Save customized sediment color ramps that persist throughout the project with the Save Color
Ramp button.

6.1.1 Plotting 2D Sediment Time Series

Right click on a cell or cell face to visualize sediment time series within the model domain. Right clicking on a
model cell or face generates the vidualization menu depeicted in the figure below. Select Plot Time Series

“& POl e = Y . The Plot Time Series option expands into a sub-menu with that
includes all of the Results maps (default and added) included in the active plan(s). Only the Results Maps
selected (checked) in RASMapper are avialble, however. In the example below, WSE, Velocity, Depth, and
Courant are not selected (checked) in RASMapper, so they are greyed out. But bot Bed Change and Total-
Load Concentration are checked, so they are availbe. The example below slected Cell Bed Change,
requesting the depicted time series at this cell.

If sediment results have multiple grain classes, (e.g. Total-load Concentration below) these variables have
additional sub-menus where users can choose if they want to plot the Total result or the result from
individual grain classes. Again, only the sub-class results selected in the main RASMapper pane will be
available.
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Figure 2 51. View a time series of a sediment (or hydraulic) result by selecting (chekcing) it in the
RASMapper result tree and then right clicking on the cell. Select Plot Time Series and then the result map to
launch the time series for that cell or cell face.

6.1.2 Plotting 2D Sediment Profile Lines

RAS Mapper can also display results for multiple cells along a transect. HEC-RAS calls transects of 2D
results Profile Lines. To create a results transect Right Click on Features menu and select Create a New
Layer | Polyline Layer. Name the Profile Line and press OK (see figure below).
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Create Mew Layer 3 | Point Layer

E| Geag Add Existing Layer Multi-Point Layer
i B [v] Zorromerepr e ras ‘
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- [#] Resulis Flightpath Layer
- [w] Case3 Var Dens e
- [] Event Conditions )
&[] Geometry MName?
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|Bed Change Transec|

Ok Cancel

Figure 1. Right Click on the Feature menu to create a Polyline Layer.

This adds the transect to Features and activates the drawing tool. Draw the polyline that you would like to
visualize results along. Double click when it is complete. Then right click on the new Feature (Bed Change

Transect in the figure below) and select Stop Editing. @ Stop Editing Click Yes when asked to save.
2 _E‘P‘:‘;:e e W= |9 |\ |daTools -] ? Editing: ‘Bed Change Transect’
-[¥] Bed Change Transeet™ .

B [¥] Geomelnies
#- ] 2D_Flume_Dp1m_'with_\walls

#- [[] Event Condiions ‘\,\
&[4 Resulis BT PP TITTL
- [#] Case3 Var Dens RN ot v P %
[] Event Conditions
@[] Geometry

g Depth (D8DEC2016 00:00:00)
Figure 2. Draw the polyline layer along the 2D sediment results transect.

Now, right clicking on this feature, generates a menu similar to the menu RAS Mapper provides when right
clicking a cell or cell face. Users can select a profile plot and animate it with time. A profile will plot a
longitudinal transect of the selected result for the displayed time step. As with all of the time series and
profile plots in RAS Mapper, press the Table tab to retrieve the numerical results behind this plot.
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Figure 3. Plot a bed change transect with a polyline profile plot.

6.2 HDF5 Output and the Log File

Users sometimes want to create visualizations or interact with data in ways that are not available in
RASMapper yet. In these canses, they can access the HEC-RAS, HDF5 output files or log files either directly,
or with scripting tools like MATLAB, R, or PYTHON.

+ Exploring the HDF5 File (see page 117)
* Log Output (see page 118)

6.2.1 Exploring the HDF5 File

The HEC-RAS HDF5 Output File may be explored by reading the file with a computer language (e.g. MATLAB
or Python) or by opening it with an external HDF5 utility such as HDFView (https://www.hdfgroup.org/
downloads/hdfview/) or Panoply (https://www.giss.nasa.gov/tools/panoply/). The HEC-RAS output is
grouped in the HDF5 file into Output Blocks. There are several output blocks including Base Output,
Computation Block, DSS Hydrograph Output, DSS Profile Output, among others. HEC-RAS 2D sediment
output is separated into two Output Blocks: Sediment Transport and Sediment Bed. The path of the Output
Blocks within the HDF5 file is /Results/Unsteady/Output/Output Blocks/. The name of each output dataset
follows a specific convention as <Location> <Variable Name> for variables which are not specific to each
grain class and <Location> <Variable Name> — <Grain Class Name> for variables which are output for each
grain class. For all the output variables, the rows indicate the output times and the columns indicate the
variation location (i.e. cell, face, subcell, or subface).
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Sample code written against the HEC-RAS HDF5 results can be found here®.

6.2.2 Log Output

Monitoring the convergence status of a model is important but often difficult due the complexity of the
sediment transport models. The sediment log output may be grouped similar to the HDF5 spatial output as:

1. Sediment Transport (sediment concentrations)
2. Sediment Bed (grain class fractions and dry densities in the active layer)

In addition, the logging output is written out to two different places: (1) the Computation Log File (.bco), and
(2) the HDF5 Output File (.p.hdf).

The amount of information which is written to the Computation Log File depends on the sediment Output
Level (see Section 2.4 Sediment Output Options) and the convergence status. The log output in the
Computation Log File is output only when a convergence tolerance is exceeded for Output Levels less than
5. If the output level is 5 or 6, a log record is written at a constant computation time step interval. For an
Output Level of 5, the log record only contains convergence information for the last outer-loop iteration. For
an Output Level of 6 the log record contains convergence information for all iterations.

6.2.2.1 HDF5 Log Output

The log output in the HDF5 Output File is written to the same location as the Sediment Transport and the
Sediment Bed output blocks and is therefore written at the corresponding output intervals. The output
interval for the Sediment Transport and the Sediment Bed output blocks can be controlled by the user by
specifying a multiple of the Mapping Output Interval (see Section 2.4 Sediment Output Options for details).
The log output is written as floating point datasets instead of compound datasets or other forms for
computational speeds.

6.2.2.1.1 Sediment Transport

The log output for Sediment Transport is written in the HDF5 Output File under

Dataset Name: Log Sediment Transport
Dataset Path: /Results/Unsteady/Output/Output Blocks/Sediment Transport/Unsteady Time Series/2D
Flows Areas/<2D Flow Area Name>/

where <2D Flow Area Name> is the name of each 2D flow area.

Table 1. Sediment Transport Log Output. Note: HDF5 columns begin at 0.

Column Log Output Variable Units

0 Overall convergence status flag -

3 https://www.hec.usace.army.mil/confluence/rasdocs/rassed1d/1d-sediment-transport-user-s-manual/viewing-results/visualizing-hdf5-
results-with-r-python-and-matlab
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Transport convergence status flag

2 Number of outer-loop iterations -

3 Maximum total total-load concentration mg/L

4 Cell location of maximum total total-load concentration -

5 Maximum fractional total-load concentration mg/L

6 Cell location of maximum fractional total-load concentration | -

7 Grain class corresponding to maximum fractional total-load -
concentration

8 Concentration maximum absolute correction for all grain mg/L
classes

9 Cell location of maximum absolute concentration correction | -
for all grain classes

10 Grain class corresponding to maximum absolute -
concentration correction for all grain classes

11 Percent of active grid %

12 Minimum total inner loop iterations (only for iterative matrix -
solvers)

13 Grain class corresponding to minimum inner loop iterations -
(only for iterative matrix solvers)

14 Maximum total inner loop iterations (only for iterative matrix | -
solvers)

15 Grain class corresponding to maximum inner loop iterations | -
(only for iterative matrix solvers)

16 Maximum root-mean-squared residual of inner-loop -

iterations (only for iterative matrix solvers)
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17 Grain class corresponding to maximum root-mean-squared -
residual of inner-loop iterations (only for iterative matrix
solvers)

Currently when the model diverges, it stops the simulation. In future versions, diverged time steps will be
repeated with subcycles in order to try to obtain a converged solution. Usually divergence indicates a NaN
(not a number for bed change, bed fractions, or sediment concentrations). However, it could also mean an
internal divergence tolerance was exceeded. Future versions of the model will include more information on
how the model diverged. A description of the convergence flags are described in the table below.

The convergence status flags indicate different model states (see Table 1). A status is computed each outer
iteration for the sediment transport and bed calculations. The overall convergence status takes into account
transport and bed sorting.

Table 2. Convergence Status Flags.

Status Flag Status Name Description

-1 Diverged The solution has diverged. Divergence is determined
with a variety of tolerances and checks for many
variables.

1 Iterating Either the convergence tolerances or minimum

number of iterations have not been satisfied.

0 Converged Both the convergence tolerances and minimum
number of iterations have been satisfied.

2 Continue Either the convergence has stalled, or the maximum
number of iterations has been reached. The solution
will continue to the next time step.

6.2.2.1.2 Sediment Bed

The logging output for the Sediment Bed is written in the HDF5 Output File under

Dataset Name: Log Sediment Bed
Dataset Path: /Results/Unsteady/Output/Output Blocks/Sediment Bed/Unsteady Time Series/2D Flows
Areas/<2D Flow Area Name>/

where again <2D Flow Area Name> is the name of each 2D flow area.

Table 3. Sediment Bed Log Output. Note: HDF5 begin start at 0.
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Column Log Output Variable Units

0 Overall status flag -

1 Sediment bed status flag -

2 Number of outer-loop iterations -

3 Maximum absolute value of active layer fraction %
correction (difference between outer-loop iteration
values)

4 Cell location of maximum absolute value of active layer -

fraction correction

5 Subarea corresponding to maximum absolute value of -
active layer fraction correction

6 Grain class corresponding to maximum absolute value of | -
active layer fraction correction

7 Number of avalanching iterations -
8 Number of avalanches at last iteration -
9 Maximum bed change due to avalanching ftorm
10 Cell location of maximum bed change to due avalanching | -
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/ Known Issues

7.1 Depth Map in RAS Mapper

When plotting the Depth layer for 2D areas in RAS Mapper, this layer does not take into account bed change
in mobile bed simulations. Therefore, in cases where the bed change is significant, the water depths will be
significantly incorrect results. There is currently no workaround for this issue.

7.2 Profile Line Flow Hydrographs

Flow hydrographs may be computed across profiles in RAS Mapper. The user output Face Flows, the
computed flows from the engine are utilized. However, if the Face Flows are not output, the flows at faces
are computed as the face velocities multiplied by the initial face areas. Since the face areas change during
mobile bed simulations, the face flows are not correct for mobile bed simulations. The work around for this
issue is for the user to output Face Flows. The Face Flows output dataset is turned on in the Unsteady Flow
Analysis editor, by selecting Options | Output Options and then navigating to the HDF5 Write Parameters tab
shown in the figure below.

HEC-RAS - Set Output Control Options

Restart File Options ] Detailed Log Output ] Computation Level Qutput Options ~ HDFS Write Parameters

Optional HOF Qutput Parameters
[ Write warmup time steps to output file
[ Write time sliced steps (in addition to basic ime steps)
[ Commit writes (normally writes are buffered, use when computations crash, not go unstable, but crash)

Additional 20 Variables Written to Results File (not used/needed for RAS) *L‘-.

Face Dispersive Siress Fs
Face Eddy Viscosity
v
Face Period-Average Flow
Face Cumulative Volume
Face Mixture Dynamic Viscosity
Face Point (Mode) Velocties™
Face Shear Stress
Face Tangential Velocty (Both sides of each face)
Face Viscous Stress hd

Advanced HDF Options ... |

0K Cancel |

Known Issues — 122




HEC-RAS 2D Sediment User Manual — HEC-RAS 2D Sediment User Manual

7.3 Profile Line Terrain Elevations

When plotting a profile plot of terrain elevations either by themselves or with other variables such as the
water surface elevation, the terrain elevations represent the initial bed elevations and do not account for the
bed change during mobile bed simulations.
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8 Summary of 2D Sediment Parameters and Options

The 2D sediment model in HEC-RAS has many features and capabilities. These make the model flexible and
robust and offer users a lot of calibration and pre-calibration options. But this feature richness can also be
overwhelming. It can be difficult to know where to start, which features are important (and which don't
matter), what parameters to change, and what an appropriate range for those parameters are. The editors
for these parameters and methods are also distributed in different menus across different editors in HEC-
RAS, so they can be difficult to think through systematically.

This page compiles some of the early experience with this model to provide some guidance and priority on
which methods and parameters are most important, morphological settings that make certain methods more
or less important, how these choices tend to affect model results, and common ranges of parameter when
appropriate.

The methods and parameters are listed in the order that HEC tends to engage or adjust them, with the most
common/important listed first and the parameters we tend to leave as is listed last. The first column of the
chart is linked to the user documentation on the parameter.

Note: This Guidance is in Progress

The 2D sediment has been available long enough that HEC is getting feedback on these
parameters (and developing enough models). But HEC is still learning about the sensitivity of
these methods in parameters in the full range of morphological settings. This page will be a
living document which we will update as we learn.

These methods and parameters can be found in five main places.

First, many of them are in three Options menus in the Sediment Data Editor: the Transport Methods, 2D
Options, and Bed Mixing Options. Other methods and parameters are in Options menu in the the Unsteady
Analysis editor. This editor launches the Sediment Computational Optons and Tolerances as well as the
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standard, hydraulic, Computation Options and Tolerances.

& Unsteady Flow Analysis

W Sediment Data - White R AdH RAS 2D 60x acc 4¢ | Fle Optiens | Help
Plan: Stage and Flow Output Locations ...
File Options View Help Flow Distribution Locations ...
 Initic User Defined Grain Classes ... Flow Roughness Factors ...
""""""" . . Seasonal Roughness Factors ..
Set Cohesive Options ... “Pro Automated Roughness Calibration ...
Bed Change Gp-tmns U D:I Ilg Unsteady Encroachments ...
| Tansport Methods.. Ungaged Lateral Inflows ..
: : ~ :
Calibrate Transport Function..., Dam (Inline Structure) Breach ...
R r Levee (Lateral Structure) Breach ...
i 20 GptiGHS —Sim SA& Connection Breach ...
BSTEM Gptinn S Computation Options and Telerances ...
: . —Cor Output Opticns ..
Lateral Weir Options... Con pEEERRenE
Cor Friction Slope Method for Cross Sections ..
Bed Mlxlﬂg Dptlclns May Friction Slope Method for Bridges ...
Subsidence... E Initial Backwater Flow Optimnizations ...
Timi
Set Pass Thrnugh Modes ... 3 iment Computation Options al rances ...
Ob d Dat g Sediment Output Options ...
SEME a1a ..
Sediment Dredging Options ...
Method Description Effect Recommendation Location/Menu

Tier 0: Hydraulic Prerequisites for Most Models

Shallow Water Flow Uses the full | 2D Sediment | Mandatory! Unsteady Flow
Equations form of the requires the | Sediment results Analysis
T ———. shallow shallow with diffusion wave | —
e et onerec | watter flow water flow hydraulics will be Computational
— equations equations. useless. The SWE- | Options and
| Bl : 1| (instead of ELM (original/ Tolerances—
e it iz | the diffusion faster) method is 2D Flow
e SEEEEEEL | \wave usually appropriate. | Options—
simplificatio 6 Equation Set
n).
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Hydraulic Warmup

1D/2D Unsteady Flow Options
Number of warm up tme steps (0 - 100,000):
Time step during warm up period (hrs):

5760
0.0

2D models
start dry.
This fills
them with
water and
reaches an
equilibrium
depth before
the model
adds
sediment.

Models that
compute
sediment
transport as
they fill the
mesh with
water
usually
scour and
encounter
instability
and begin
with poor
initial
conditions.

Warm up the model
hydraulics - either
with the Warmup or
Initial Conditions -
until the mesh is
completely wet and
water surfaces are
in equilibrium.

Unsteady Flow
Analysis
Computational
Options and
Tolerances—
2D Flow
Options—
Number of
Warmup Time
Steps

(Note: You can
leave the
warmup time
step=0.0, this
means RAS will
use the
simulation time
step.)

Summary of 2D Sediment Parameters and Options — 126




HEC-RAS 2D Sediment User Manual — HEC-RAS 2D Sediment User Manual

Tier 1: Methods and Parameters Recommended for Most Models

Hiding and Exposure*

Hiding Functions (Beta for 1D)

Hiding Function: | Wu etal | Hiding Exponent: o8

Hiding and
exposure
account for
the
interaction
between
different
sized
particles.
Fine
particles
"hide" in the
"shadow" of
larger
particles and
coarser
particles sit
on top of
smaller
particles
"exposing
them to"
more of the
flow forces.

Decreases
transport of
finer grain
classes and
increases
transport of
coarser
grain
classes.
Because of
the non-
linearity of
transport,
this will
reduce total
transport
and make
your model
more
stable. The
coefficients
vary
between 0-1
and higher
coefficients
increase
these
effects.

Most 2D models
with Wu or van Rijn
transport functions
perform better with
hiding. Turn this
on. There are a lot
of methods. Start
with Wu and the
default coefficient.

Sediment Data
Options—

Bed Mixing
Options

4 https://www.hec.usace.army.mil/confluence/rasdocs/h2sd/ras2dsed/latest/sediment-data/bed-mixing-
options#id-.BedMixingOptionsv6.1-HidingFunctions
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Adaptation Length® Controls the | Larger Start with a total Sediment Data
ADPaarclers | ErcsionPacametes| | rate of adaptation adaptation length -
S — - | erosion and lengths will on the order of 1-2X | Options—
ot Longt [ deposition. slow both the average cell Transport
Rivers do not | erosion and size. Methods —
erode or deposition, Erosion
deposit smoothing Parameters Tab
instantly. the result.
This Shorter
parameter lengths
accounts for | increase
temporal erosion and
lags in deposition.
deposition
and erosion.
Sediment Matrix Numerical The default | The faster solver Unsteady Flow
Solver® method (Paradiso) is | (FGMRES-SOR) is Analysis (Plan)—
== — applied to the most usually sufficiently Options—
oot o e FG‘:RESW ] solve the accurate but | accurate. You Sediment
Y s P sediment add§ could do mqst of Computation
transport runtime. your runs with the Options and
equations. FGMRES- faster solver and Tol—
SOR runs then switch to 2D
faster. PARADISO for fine Computational
tuning the final Options
model.
Turbulence Computes Increases Select the Sediment Data
fﬁ momentum lateral Conservative -
B ~ el | transfer transfer of Method and leave Options—
between sediment the default 2D
cells. between parameters. Computational
cells (e.g. Options—
moves Turbulence
sediment Model
into the
floodplain or
backwater)

5 https://www.hec.usace.army.mil/confluence/rasdocs/h2sd/ras2dsed/latest/sediment-data/transport-
methods#id-.TransportMethodsv6.3-ErosionParameters
6 https://www.hec.usace.army.mil/confluence/rasdocs/ras1dtechref/latest/theoretical-basis-for-one-dimensional-and-two-dimensional-
hydrodynamic-calculations/2d-unsteady-flow-hydrodynamics/numerical-methods/matrix-solvers
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Active Layer d90
Multiplier and Min
Thickness

Active Layer Options

Active Layer Thickness: |FRCIOMIE_~| Multiplier: [10. Min Thickness: [0.1  ft

Sets the
active layer
thickness
(default of
1d90 is too
small for
sand)

Increasing
the Xd90 or
adding a
minimum
thickness
can make
the model
more
stable. It
can also
increase
erosion.

Default is fine for
gravel, but you
MUST update this
for sand beds. If
you set a minimum
thickness of 1 ft or
.3 m for sand beds
it will dominate.
But even a min
thickness of 0.1 ft
can help stabilize
the model.

Sediment Data
Options—

Bed Mixing
Options

Tier 2: Methods That Are Helpful for Many Models

Sediment Computation

Water travels | Increasing Keep this <10 in Unsteady Flow
Multiplier’ faster than this most cases. Test Analysis (Plan)
Sediment Computation Multiplier: Hi X the hydraulic tme step Sediment mUItIp”er the mOdeI -
and the will sensitivity to this Computational
hydraulic decrease run | multiplier. If results | Options and
computation | time butcan | are not sensitiveto | Tolerances—
s often affect it, increase it to General
require results and improve run time.
stability. You can also use
this for exploratory
runs and then set it
to 1 for detailed
simulations.
Base Bed Slope Accounts for | Increasing Range of ~ 0.1 -
Coefficient down-slope this 0.5
lone Conticion ER— movement of | parameter This factor will be
e i Slope Eoliamt sediment tends to more important for
(transportby | smooth bed | lower transport
gravity elevations rates.
instead of and improve
flow). stability.
Influences
larger grain
sizes more.

7 https://www.hec.usace.army.mil/confluence/rasdocs/rassed1d/1d-sediment-transport-user-s-manual/simulating-sediment-transport/

sediment-computation-options-and-tolerances/sediment-computation-run-time-multiplier

Summary of 2D Sediment Parameters and Options — 129



https://www.hec.usace.army.mil/confluence/rasdocs/rassed1d/1d-sediment-transport-user-s-manual/simulating-sediment-transport/sediment-computation-options-and-tolerances/sediment-computation-run-time-multiplier
https://www.hec.usace.army.mil/confluence/rasdocs/rassed1d/1d-sediment-transport-user-s-manual/simulating-sediment-transport/sediment-computation-options-and-tolerances/sediment-computation-run-time-multiplier

HEC-RAS 2D Sediment User Manual — HEC-RAS 2D Sediment User Manual

Layer Thickness

Layer Thickness (Optional):

Computational Sediment Layer Parameters

Initial (ft) |5. Min (ft) ‘0.1

# of Computational Layers (Optional):

Max (ft) |s.

—

Determines
the initial
thickness of
the bed
layers and
the minimum
and
maximum
thickness
they can
reach before
they are
combined or
split.

HEC-RAS
uses a small
initial
thickness for
the first
layer by
default

3-5ft(1-2m)is
often a good Initial
Thickness

Unsteady Flow
Analysis (Plan)—
Options—
Sediment
Computation
Options and
Tol—

2D
Computational
Options—
Computational
Layer Thickness

Tier 3: Methods We Change As Needed in Specific Situations

Max Subgrid Regions® | HEC-RAS will | Themodel | Subgrid analysis Unsteady Flow
oot e <] | compute bed | will resolve adds runtime but Analysis (Plan)—
Sabeet Deposton b s [formr————3] and detailed can capture Options—

i S R Cpton): F— gradation bathymetric | detailed hydraulic Sediment
e S Lt sl (Gptons) — change for effects and sediment Computation
sub-regions better and results with larger Options and
within each generate cell sizes. This s Tol—
cell. smoother worth 2D
results. experimenting with | Computational
after the model is Options—
stable. Subgrid

Max Subgrid Length Plan —

Scale Options —

Subgrid Sediment

Subcell Erosion Method: Constant - Com puta tion

Subcell Deposition Method : m .

Max Subgrid Regions (Optional): ,7 -(I?cr:ltfns and

Max Subgrid Length Scale (Optional): ,toi 2D
Computational
Options—
Subgrid

8 https://www.hec.usace.army.mil/confluence/rasdocs/h2sd/ras2dsed/latest/sediment-computation-options-and-tolerances/2d-

computational-options
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Hindered Settling

Hindered Settling:

Hindered
settling
accounts for
the effect of
particle
interference

Fall velocity
is lower for
hyperconcen
trated flows
and debris
flows,
decreasing
deposition
and
increasing
transport.

Only use this for
volumetric
concentrations
>~10% (e.g.
~100,000 mg/L).
Generally you would
only turn this on if
you are using the
Non-Newtonian
transport features.

Tier 4: Methods We Rarely of Never Change

Outer Loop This is the Flume and Do not change Sediment Data
Convergence acceptable laboratory these without avery | —
9 error before scale good reason. Options—
F:,i':gmg}f!,im the model models may | Relaxing these are 2D
Maximum # of Lterations: - | movesonto | wantto not a good way to Computational
Concentration Max Abs Error (glL): por | the nexttime | decrease make your model Options
e e pewor | step. these. faster or more
Grain Class % Max Abs Error: ,W stable.
Transport Advection Second Leave as default:
Scheme’® order Exponential. The
Trznsart schemes are | accuracy
‘I.ﬂdvecnon Scheme: [Bponenzd ] i
Sedment Matrix Solver: [Femres son = more improvement from
Il St WihingFacr — accurate the second order
and increase | schemes do not
runtime. generally add

enough value to
sediment models to
justify the runtime.

9 https://www.hec.usace.army.mil/confluence/rasdocs/h2sd/ras2dsed/latest/sediment-computation-options-and-tolerances/2d-
computational-options#id-.2DComputationalOptionsv6.3-OuterLoopConvergenceOptions
10 https://www.hec.usace.army.mil/confluence/rasdocs/h2sd/ras2dsed/latest/sediment-computation-options-and-tolerances/2d-
computational-options#id-.2DComputationalOptionsv6.3-AdvectionScheme
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9 Improving Model Runtime

Two-Dimensional Sediment Transport models can take a long time to run.

Method

Description/Recommendation

Comments

Optimize Hydraulic
Runtime

Align cells with flow.
Consider a channel cell size that is
1/5th to 1/7th the channel width
and larger cells in the floodplains.
Try to keep cell sizes relatively
uniform (very small cells will drive
stable time step)
Apply hydraulic best practices to
make the model hydraulically
stable before you add sediment.
Choose a stable time step
-consider the automated time
step selection tool'?

A large time step that iterates can
take longer to run than a short time
step that is stable.
-Find and work on iterating cells™®
-Avoid thin slivers of flow through
cells when possible

Classes

Limit the Number of Grain

Class | _diam (mm) % in Class
8|MS 0.25-0.5
9|CS 0.5-1
10|VCS 1-2
11|VFG 2-4
12|FG 48
13(MG 8-16
14|CG 16-32
15|VCG 32-64
16(SC 64-128
17|LC 128-256
18(SB 256-512

20

20

20

20

20

Try to limit the model to 3-5 grain
classes, at least in early,
exploratory simulations.

Be careful to use the same,
targeted, grain classes in the bed
and boundary gradations.

Runtime increases approximately
linearly with grain classes

A model with 5 grain classes will take
~5X as long as the same model with
1 grain class

2D models tend to use fewer grain
classes than 1D sediment models.
In fact, this kind of gap-graded
approach is discouraged in 1D
sediment modeling.

Note: Skipping grain classes is NOT
recommended in 1D models™ but
best practice in 2D

HEC-RAS Sediment Computation Options and Tolerances

General | 2D Computational Options |
Transport
Advection Scheme:

Sediment Matrix Solver:

Sediment Matrix Solver

Exponential -
FGMRES-SOR <

Set Sediment Matrix Solver to
FGMRES-SOR, at least for early
exploratory runs

HEC-RAS uses the Paradiso solver by
default.

Paridiso is more robust, but it takes
longer to run than FGMRES-SOR.
FGMRES-SOR runs faster without
much loss of accuracy.

11 https://youtu.be/oTfFdSmXbYQ
12 https://youtu.be/kcBrOML3iS0

13 https://youtu.be/tKBOgNTUd_A
14 https://youtu.be/rA_8IFWVMEw
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Method

Description/Recommendation

Comments

Sediment Time Step
Multiplier

Sediment Computation Multiplier: 1

Water surface elevations respond
to river changes faster than bed
elevations or gradations.
HEC-RAS time steps are generally
selected for hydraulic stability.
Larger time steps might be stable
for sediment.

This feature directs RAS to
compute several hydraulic time
steps between each sediment
computation.

Factors of 2, 4, or 5 are common.

Because sediment computations tend
to be more expensive than hydraulic
computations, doubling this factor
can almost halve the run time.
However, if the bed does change
quickly, this factor delays the
sediment feedbacks, and can
decrease stability.

Morphological
Acceleration'®

3 2D Sediment Options - m] X

All Components v

Sheet and Splash Erosion: {179 S
1

2.

Simulation Components:

Eradibility:

Morphological Acceleration Factor:

The Morphological Acceleration
feature scales bed change during a
sediment transport simulation.

It increases the morphological
response, allowing modelers to run
a shorter time series.

(e.g. A 30 day event could be
compressed to a 10 day event with
morphological acceleration set to
3).

Morphological Acceleration
Factors <25 are recommended.

Morphological acceleration
introduces more approximation to
sediment model results.

This feature can also make the model
less stable.

The flow time step does not update
automatically.

Users must change the time step of
their boundary conditions to
compensate.

For example, if you have a 24 hour
flow time step and use a
morphological acceleration factor of
4, change your flow time step to 6 hrs.
More guidance is available here'®.

15 https://www.hec.usace.army.mil/confluence/rasdocs/h2sd/ras2dsed/latest/sediment-data/2d-options#id-.2DOptionsvé.3-

MorphologicAccelerationFactor

16 https://www.hec.usace.army.mil/confluence/rasdocs/h2sd/ras2dsed/latest/sediment-data/2d-options#id-.2DOptionsv6.3-

MorphologicAccelerationFactor
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