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Quick Check Guidebook Forward

The purpose of this Quick Check Model Guidebook is to document a procedure for developing a 2D
Quick Check report. This report will be used to: identify approximate flood levels and boundaries,
estimate roadway overtopping conditions, determine the full 2D modeling domain, determine survey
extents and needs, identify other structures that may impact the design and evaluation, and identify
potential flood receptors. This report will be used to develop budgets and scopes of work for more
detailed studies (prepared by either in-house IDOT staff or by a consultant). A secondary purpose of the
Quick Check modeling is to engage IDOT Hydraulics staff in using SRH-2D and increase their comfort
level with the software and 2D modeling in general.

The Quick Check Guide SMS files can be downloaded by clicking the link below.

Quick Check Guide SMS Models



https://secure-web.cisco.com/1LStTIuRE6AkGhs5bFuobvNTOAvgAnBczifLr13aGTOTtygGqddPHpHKrtMM1XUv_M0g7kQY6kTkxLQdYJ6xljw6ZsH5y38Sp1XLd3luylnUdCxhubQm-jDHkkOp6Mqp7WHTKk4H4OY6pdo1It33cR_qPbVlj4n6O9ORJXq-kp4HU8udtrwGIhvIfBdfmQkE90katpXH3Z6N1FOFF2pJSt3bnWTh1eIKUu9obNjVScvv36D7Q8bzbDXICb9KempW3MYoeSm5Qw79scfke9U2Bldgvrc6RWvaFSGkCzJaiLUZIbDjgg0Ukszjklg9tnmqOW9FCOc8x7Ygr4gfYQXMYF5-HS3LdsCaNxfEKNvD35Ck3uAlK8QUbD06wn9ofbMSm7KAOkuE0t_hudZKS7AspZMQNHcqzRgDrxS0BnDieFjTNN3m82mIW031Rl1iUWlEc/https%3A%2F%2Fefkmoen-my.sharepoint.com%2F%3Af%3A%2Fp%2Fcdlinneman%2FEpswqGGvdWVEsTCSKSjtcPgBgUEYGLaFRoVU3RSzGZFJ5A%3Fe%3DYz69xt

INTRODUCTION

The purpose of this manual is to describe a methodology using SRH-2D to perform a preliminary
evaluation of an existing or proposed waterway crossing. This preliminary evaluation is to inform IDOT
District personnel of design considerations associated with the waterway crossing and assist in the
development of the scope of work and budget for future design studies. This preliminary evaluation is
not intended as a substitute for the detailed modeling required for design. These design considerations
are potential roadway overtopping locations, flow directions and velocities in relation to the structure
opening, additional floodplain opening requirements, and other nearby structures such as sensitive
flood receptors, levees, bridges, etc. that may impact the waterway crossing design. The results of this
evaluation will also assist in defining survey requirements for future design studies and permitting of any
required structures.

The modeling and documentation methodologies cited in this guidebook are intended to leverage
readily available data within the SRH-2D software, such as digital elevation data and aerial imagery, to
minimize data collection and field survey requirements. This document has been developed to assist the
engineer in performing this preliminary evaluation.

The following sections provide more detail on each of the recommended steps in this preliminary
evaluation. Some steps are similar to existing design and analysis requirements. Each of these sections
include descriptions and screen shots of the steps required when using SRH-2D.

The guidebook also includes example Quick Check evaluations of 15 sites located throughout lllinois for
minor and major waterways as a supplement to this document to assist the modeler in understanding
the issues that may be present at the site being evaluated. One complex site has been included to show
the results of a more detailed evaluation of the existing conditions using SRH-2D. A comparison of the
detailed modeling results to that of the Quick Check Model results shows how the results may vary given
the differences in the level of detail between these studies.

SITE REVIEW

An initial site review by the engineer will assist the engineer in understanding the site constraints and
problems when determining the model limits and data requirements. This site review may include the
following items:

e District flood complaints in the vicinity of the crossing or nearby roads crossing the same
waterway

e existing roadway and bridge plans

e previous hydraulic and scour reports for the waterway crossing

e current aerial imagery of the site

e existing FEMA floodplain mapping of the site

MODEL NAMING CONVENTION

A recommended naming convention for Quick Check model files and layers has been developed. The
general format of the file/layer naming convention is:



QC_Route_Stream_Source_DataType.ext

All files and layers would start with QC denoting that this is a Quick Check model. The second part of the
naming convention is the IDOT route or road name. The third part is the name of the watercourse. The
fourth part is the source of the topographic data. If the topographic data came from SMS, this portion
of the name would be SMS. If the aerial, LIDAR, etc. data came from another source, the name would
be a descriptor of the source. For example, LIDAR data from the lllinois Geospatial Clearinghouse for IL
121 over the West Okaw River, the name would be:

QC_IL121_WestOkawRiver_IGC_LIDAR.las

This naming convention should be used for the model file name, layers that are imported such as aerial
imagery, terrain data, etc., and created files such as terrain, scatter, and mesh files. The model file name
would be:

QC _IL121_WestOkawRiver.sms

The other layers such as boundary conditions, material coverages, monitor lines, monitor points, and
model simulations should be descriptive of the layer. It is recommended that they begin with “QC” to
identify that this is a Quick Check model. Including the road and waterway name is recommended, but
may be skipped if name lengths are excessive. For simulations and boundary conditions, this should
include the flow frequency. For a boundary condition layer, the file name at a minimum would be:

QC_BoundaryCondition_100-yr

DETERMINATION OF MODEL LIMITS

The minimum Quick Check Model limits are consistent with Section 2-402 in the IDOT Drainage Manual.
The upstream and downstream limits should extend a minimum of 1,000 feet upstream and
downstream of the structure of interest.

The upstream and downstream model limits should be set at locations where the natural valley section
is constricted. This would be where the flow lines are generally expected to be parallel to the floodplain
limits and where the floodplain widths are anticipated to be reasonably uniform. The limits should also
be set sufficiently far from the structure of interest so that the flow lines through the structure opening
have expanded to the full width of the floodplain and are again generally parallel to the floodplain limits.
Early guidance from FHWA/Aquaveo recommended that the upstream and downstream limits should be
approximately twice the width of the floodplain at the structure of interest. The upstream and
downstream limits should avoid locations where there is a significant change in valley width or tributary
confluences. The upstream and downstream model limits should also generally be perpendicular to the
flow direction.

See Figure 1 below for an example of the model limits for a site. The model limits in this example extend
approximately 2,100 feet upstream and downstream of the bridge. The model limits are greater than
the width of the floodplain at the upstream face. The floodplain width is fairly constant at the upstream
and downstream boundaries. The flow direction is perpendicular to the upstream and downstream
boundaries.



Figure 1 — Example Model Limits - US 40 over North Fork Embarras River
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The horizontal model limits should include the entire floodplain valley. For structures with adjacent
levees, the horizontal limits should include the areas behind the levee and extend to the entire
floodplain valley as if no levee existed. This approach is needed to identify flow conditions in cases
where the levee overtops and the results have an impact on flow conditions at the roadway and
structure of interest.



The model limits should also be adjusted when there are other nearby roadway embankments and
bridges. Ideally, the model limits would extend similar distances upstream or downstream of these
adjacent structures.

Model Limits with Tributary Inflows

Another factor in setting the model limits is presence of tributary inflows within the model limits
described above. In cases where there are significant tributaries within the proposed model limits, it is
recommended that discharges be computed at the bridge and for both the tributary and mainstem at at
their confluence. See Figure 2 for an example of a tributary confluence within the model limits. An inlet
flow boundary should be set for each of these tributaries to represent the flows into the model. The
model limits on the tributary should be set at the tributary’s naturally constricted valley section where
the flow is not impacted by the mainstem flow patterns. This approach allows for flow directions to be
identified in the model before entering the mainstem floodplain. If both streams have flow rates that
are of similar magnitude, multiple Quick Check simulations should be developed to determine the peak
flow distribution between the tributaries. This would generally require three Quick Check simulations to
represent the conditions. One simulation would assume that the total flow at the bridge is distributed
across both streams by calculating the ratio of the drainage areas of each tributary to that of the total
drainage area at the structure. The other two cases would assume that one stream has a peak flow
equal to the computed flow for that stream and the other stream would have the flow difference
between the structure flow and the mainstem. This will allow the user to identify which flow condition is
more critical in evaluating flood conditions at the structure.

Figure 2 shows an example of tributary within the proposed model limits. There is a confluence located
approximately 300 feet upstream of the bridge. The tributary represents approximately 17% of the total
drainage area. For this example, there would be two inflow boundaries. In this example, the 100-yr
design flow at the bridge is 2,020 cfs. The inflow boundaries for the mainstem and tributary would have
flow rates of 1,675 and 345 cfs, respectively.



Nashville Creek

Figure 2 — Model Limits for IL 15 over
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IMPORT MODELING SURFACE

The foundation of a 2D hydraulic model is the underlying terrain data. The SMS user interface includes
access to a worldwide elevation dataset containing raster elevations of the conterminous United States,
Alaska, Hawaii, and territorial islands. SMS uses a web-based map service tied to a Worldwide Elevation
Dataset. The data has a variable resolution generally ranging from 10-meters to 30-meters. The SMS
interface clips the worldwide elevation dataset to the users desired study extent and creates a new
raster file, in TIF format, which is loaded directly into SMS. The raster elevations can be interpolated
directly to the 2D model mesh and do not require any additional post processing or conversion.

It is recommended that the modeler carefully review of the worldwide elevation dataset terrain quality
to ensure the terrain is of sufficient quality to capture the topographic detail of the structure, roadway
embankment, waterway opening, channel, and appurtenant topographic features within the study
reach. Information acquired during the site review including aerial imagery, FEMA floodplain mapping
(where available), and existing bridge plans will assist in the review of the terrain quality. See Figure 3
for an example of a site where the SMS worldwide elevation dataset data from the SMS user interface is
not adequate. At a minimum, the following detail should be identified in the modeling terrain:

e Discernable stream alignment and approximate channel banks.

e Roadway embankment of the study bridge and any relevant roadways in the model reach.

e Bridge waterway opening approximately equal in length to the opening documented in bridge
plans or aerial imagery.

e Topographic features such as levees, river training structures and natural floodplain restrictions
that may impact hydraulics of the study bridge.



Figure 3 —IL 23 over Tributary to Covel Creek with SMS Worldwide Elevation Dataset — 1 ft Contours

It is likely that as drainage area, channel widths, and structure size decreases, the detail captured in the
terrain will also decrease. If the terrain lacks sufficient detail to capture critical hydraulic features,
alternative higher resolution terrain data sources should be investigated. The lllinois Geospatial Data
Clearinghouse (https://clearinghouse.isgs.illinois.edu/data/elevation/illinois-height-modernization-
ilhmp) does provide a collection of alternative high-resolution topographic data in various formats for
lllinois. Figure 4 shows the IL 23 over Tributary to Covel Creek with LIDAR data.
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Figure 4 —IL 23 over Tributary to Covel Creek with LIDAR Data — 1 ft Contours

The intent of the worldwide elevation dataset used in SMS is to support a cursory analysis for identifying
additional data requirements and survey needs. Low resolution topography from the SMS dataset is not
recommended for a detailed hydraulic analysis.

Appendix A shows the steps to import SMS and LIDAR data from the lllinois Geospatial Data
Clearinghouse.

HYDROLOGY

The preferred hydrologic method for the development of a Quick Check model is StreamStats.
StreamStats is a web-based software package from the US Geologic Survey (USGS) which can be
accessed at https://streamstats.usgs.gov/ss/. StreamStats will be used to compute the 10-, 50-, 100-,
and 500-yr flows for the site. Where StreamStats computes flows according to different methodologies
(i.e. rural, urban, etc.), the largest flows should be used for this analysis. The 200-yr flow will need to be
interpolated for identifying hydraulic conditions at the scour design flow. A step-by-step example of the
StreamStats analysis is included in Appendix B.

A comparison of the StreamStats results to any existing flow data will assist in determining which data is
most representative of the conditions at the site. There are limitations on the applicability of the
StreamStats regression methods to a given site that are described in the IDOT Drainage Manual and
other USGS publications. Some of the limitations to the use of StreamStats are:

11
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e Streams where peak discharges are appreciably affected by natural or reservoir storage;

e Man-made channel changes;

e Diversions;

e Karst terrain;

o Bluff-floodplain combinations;

e Streams listed in the IDOT Drainage Manual where the regression equations are not applicable.

In cases where the above limitations have an impact on the proper application of StreamStats and
where FEMA FIS flows are available, the FIS flows may be used based on the engineer’s judgement. See
Section 3-201 of the IDOT Drainage Manual for how to obtain FEMA FIS flow information.

DEVELOP MODEL MESH

Most 2D models require the development of a computational mesh which is required to geospatially
organize model flow elements. SRH-2D uses a flexible mesh which can contain both quadrilateral
(patch) and triangular (pave) mesh cells. This is generally referred to as a hybrid mesh. For most Quick
Check models, a uniform triangular or paving mesh is recommended. The modeler must carefully
consider the appropriate spacing for the mesh. For most sites, a spacing of 50 feet can be used. This
spacing may be decreased for locations where bridge openings are smaller or where other topographic
features would not be represented correctly. In this scenario, mesh spacing that is equal to or less than
the half the bridge opening may provide a better representation of the flow into and through the bridge
opening. For some sites, a larger mesh spacing may be required when the number of cells is too great to
allow for a reasonable solution time. According to FHWA guidance, the number of elements should be
generally less than 150,000 for a standard bridge crossing. If the number of elements needs to be
reduced, a larger mesh size should be used within the overall model limits, but a smaller mesh should be
used in the vicinity of the bridge openings being evaluated.

It is recommended that feature arcs be used to define topographic breaks along roadways, levees,
railroads, etc. A feature arc placed along these features will align the mesh element edges with the
feature arc. This will provide a better representation of the overtopping flows at these features. The
uniform mesh spacing along these feature arcs should be smaller than the bridge opening to allow for
several cells to span the opening.

See Appendix C for the detailed steps required to develop a model mesh.

DEVELOP COVERAGES

For the Quick Check model, a land cover with a Manning’s n-value of 0.06 for the entire model limits is
recommended for most conditions. This n-value represents a typical average condition representative of
both channel and overbank found in most modeling conditions for IDOT bridge projects. This will
provide a quick estimate of approximate flood heights, velocities, and floodplain limits regardless of
season.

Under certain conditions, a more detailed land use coverage may be more appropriate. Examples would
include sites with widely varying land covers in the floodplain, very wide channels in relation to the
floodplain, and widely varying land use in the overbank that may impact the flow distribution in the
overbank areas.

12



See Appendix D for the detailed steps required to develop the model coverages.

DEVELOP BOUNDARY CONDITIONS

SRH-2D requires a minimum of two feature arcs within a boundary condition coverage — one for the
upstream inflow and one for the downstream outflow. The upstream boundary condition (Inlet-Q) will
require the user to input a flow rate. There may be more than one inflow location for more complex
sites. If this is the case, each inflow location will require an Inlet-Q feature arc. This arc should be placed
perpendicular to the anticipated stream flow line just outside of the limits of the mesh boundary. This
will ensure that the flow into the model will occur only on mesh elements along the Inlet-Q feature arc.
This Inlet-Q arc should be at a minimum the width of the channel and likely should be a similar width to
the floodplain at this location to distribute the flow across the entire floodplain. The arc length will likely
need to be adjusted in an iterative manner until the arc length and computed flow width reasonably
agree. The computed flow directions at the boundary should be perpendicular to the boundary arc.

The downstream boundary condition for the Quick Check model should be a feature arc representing
the Exit-H which will calculate the water surface elevation using a stage-flow rating curve. The Exit-H arc
should be placed perpendicular to the anticipated flow line, similar to the feature arc for an Inlet-Q.
However, unlike the feature arc for an Inlet-Q, the feature arc for the Exit-H should be placed just inside
the mesh boundary. The arc should cover the entire floodplain or wherever the elevations of the mesh
will allow water to exit. Typically, it will span the entire downstream outlet of the mesh boundary. This
ensures that flow does not get “trapped” within mesh elements where it cannot be removed from the
model. This is because the mesh boundaries are treated as a vertical walls.

The stage-flow rating curve for the Exit-H can be imported, if the user has the data available, or can be
calculated within SRH-2D using the Channel Calculator. Within the Channel Calculator, the user will
select the mesh elevations, input the composite Manning’s n-value, and the slope of the channel within
the mesh. The channel slope can be estimated from measuring the start and stop elevations, and the
length along the channel flow path within the mesh boundary. The measurement tool within SMS is
sufficient for this task. The maximum flow entered should be equal to or greater than the maximum flow
being analyzed to make sure the model is able to converge to a solution. An increment of flow must be
entered to generate a range of points between the minimum and maximum flow in the curve. For most
locations it is recommended that this be set to 10 cfs unless the maximum flow is small where a higher
resolution will be required for the rating curve.

There will be one boundary condition coverage per flood frequency being analyzed. The Inlet-Q
boundary condition for one flood frequency can be duplicated with updated flow rates for that
frequency. The Exit-H boundary condition can remain the same for all storm frequencies as long as the
total inlet flows for that event are less than the maximum value in the rating curve.

See Appendix E for the detailed steps for setting the boundary conditions.

RUN EXISTING CONDITIONS

One of the objectives of the Quick Check model simulation run is to reach a stable and reasonable
hydraulic modeling solution which reaches equilibrium in a practical model runtime. The model
simulation provides the link between the 2D modeling mesh, the monitor coverage, materials coverage,
and boundary conditions. SRH-2D provides two methods for producing model results including an
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unsteady solution and steady solution. The final results of a steady or unsteady analysis will be the
same; however, unsteady allows for more accurate intermediate results. The preferred method for the
Quick Check model effort is steady flow output.

During the simulation, the modeler will review output from the monitor coverage using the Simulation
Run Queue. The Simulation Run Queue provides live model results at specified time intervals allowing
the user to evaluate model stability and adequacy without having to run the simulation to completion.
The Simulation Run Queue should be reviewed to determine if:

e The simulation is producing stable output (i.e., the solution does not vary drastically from
timestep to timestep, or the solution does not oscillate between high and low values).

e The Net Discharge (Outflow — Inflow) is approaching 0.0.

e The Monitor Points and Monitor Lines are approaching equilibrium (i.e., no change in monitor
point water surface and monitor line discharge from the previous timestep to the current
timestep)

It is recommended to begin with a model timestep between 1 and 5 seconds. If the simulation appears
unstable, the timestep should be reduced. If the model does not achieve stability with a minimum
timestep of 0.5 seconds it is recommended to increase the resolution and quality of the model mesh by
increasing the total number of mesh cells and computational elements. This can be achieved through a
blanket reduction in the mesh resolution or providing more detailed mesh generator linework to
capture critical hydraulic features. Additionally, running the model with unsteady output may allow the
model to work through stability issues.

The modeler will also need to specify an initial condition for the model simulation. The initial condition
may have a significant impact on the stability of the model and the length of time required to reach
equilibrium. For most Quick Check models, the “Automatic” initial condition is recommended. The
Automatic initial condition assumes backwater from the downstream boundary to fill the model domain.
While the model can start dry, the automatic boundary generally reduces computation time and
improves model stability for a given steady discharge.

An initial simulation time of 12-hours is recommended to allow the model to reach equilibrium. If the
model appears stable but equilibrium has not been reached the simulation length should be increased
to allow for greater time to reach equilibrium. The user should gage how much longer to run the model
based on the slope of the output from the monitor coverage and the proximity of the solution to any
known target water surfaces. A step-by-step example of evaluating model stability is included in
Appendix F.

REVIEWING RESULTS

This step is primarily a qualitative review by the modeler to determine if the results generally
reasonable, consistent with the model assumptions, and comparable to independent modeling results
identified in the initial site review. The modeler should compare the floodplain boundaries from the
Quick Check model to FEMA studies where available. The water surface elevations should be compared
to available IDOT or other studies of this site. The roadway overtopping results should be compared to
District roadway maintenance records. The results of these comparisons should not be expected to
agree exactly with the historic records, maps, or elevations, but the comparisons should not be
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unreasonable. For large discrepancies, the modeler should determine if there have been significant
changes to conditions within the watershed since the original studies were prepared. The initial
assumptions in the Quick Check model should be reviewed to determine if they were correct based on
the results. Depending on the results of the comparisons, the Quick Check model may require changes
to n-value coverages, mesh size, model limits, terrain data (SMS vs LIDAR), additional feature arcs, etc.
to provide more reasonable model results.

The modeler should review the inundation area shown in the model results for the 100-yr to identify
potential flood receptors located within the floodplain. This may have an impact on the permitting of
any new or replacement structures.

DOCUMENTATION AND CONCLUSIONS

A Quick Check report format has been developed for documenting the results of the modeling effort for
review and reporting purposes. A copy of a completed report format is included in Appendix G. This
report will include a 1-page document in the form of a checklist that summarizes the site hydrology,
surface topographic data source, model setup, and results. The report will also include several screen
plots showing flow direction and magnitude versus water surface elevation and flow direction and
magnitude versus depth, as well as the SRH-2D Solution Plots for Net Q, Mass Balance, Wet Elements,
Monitor Points, and Monitor Lines to show that the model was stable and reached equilibrium. Plots will
be done for a minimum of the 10-, 50-, 100-, 200-, and 500-yr flow events. A sample report is included in
Appendix G.

This report will assist the modeler in identifying constraints at the site that should be examined in
greater detail in future hydraulic modeling studies. It will also assist in identifying potential constraints
on structure size, structure location, adjacent hydraulic features, and properties located within the
floodplain.

A summary of SMS & SRH-2D tutorials and guides is included in Appendix H .
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APPENDIX A= IMPORT MODELING SURFACE

A horizontal projection must be defined to download web-based information through SMS.

To Set the Projection and Units:

1. Choose Display | Projection to open the Display Projection dialog.

Q File Edit | Display | Feature Objects Window Help

u B HES Display Options... Ctrl+D i [/
— Lighting Options...

Map Locator...

Display Projection... |

Reproject All...

Single Point Projection...

Refresh Spacebar
Frame Image F
View »
Plot Wizard...

7k

2. Inthe Display Projection Dialog, change Horizontal from “No projection” to “Global Projection”.
3. The Horizontal Projection Dialog box will open.

— Horizontal - —
" No projection Units:  |Fest [L.5. Survey] hd Favarite Projections -
> Recent Projections
& Global projection Set Projection. . | » Geographic Coordinate Systems
~ Projected Coordinate Systems
Not Set A » ARC (equal arc-second)
> Continental
> County Systems
> Gauss Kruger
> National Grids
> Polar
~ State Plane
v > MAD 1927 (US Feet)
> NAD 1983 (2011) (Intl Feet)
—Werlical > MAD 1883 (2011) (Meters)
> NAD 1983 (20171) (US Feet) o
Dratum: ILoca\ ;I Units: IFeat [U.5. Survey] ;I Filter strings: |
Add projection from: ‘ EPSG code... | | .pri file... | | Library... | |Edited Parms.‘.|
Help... | oK. | Cancel |
Projection name:

NAD 1983 StatePlane Ilincis West FIPS 1202 (US Feet)

WKT:
PROJCS[™AD_1983_StatePlane_llinois_West_FIPS_1202_Feet”,GEOGCS['GCS_North_Americ
an_1983", DATUM[D_Morth_American_1983", SPHEROID['GRS_19807,
6378137.0,298.257222101]], PRIMEM["Greenwich®,0.0],UNIT[ Degree”,
0.0174532925199433]], PROJECTION["Transverse_Mercator] PARAMETER [ False_Easting”,
2295583, 333333333],PARAMETER [False_Northing”,

0.0],PARAMETER [Central_Meridian®,-90, 16666666666667] PARAMETER ["Scale_Factor”,
0.9999411764705882] PARAMETER [Latitude_Of_Origin®,

36, 66666666666566], UNIT[Foot_LUS",0, 30480060960 12192] AUTHORITY[EPSG™, 3436]]

4. Navigate to the desired Projected Coordinate System and click OK.
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5. Inthe Display Projection Dialog, change the Vertical Datum to NAVD 88(US) and the Units to
Feet (U.S. Survey).

The project now has horizontal and vertical projection for referencing the SMS web-based map service.
To Download the Worldwide Elevation Dataset for the Modeling Surface:

1. Zoom the project window to the model limits identified based on the initial site review. The
extent should be large enough to capture the full floodplain and the entire anticipated study

reach. Make sure to leave a buffer between the Modeling Surface Limits and the anticipated
Model Limits.

2. Choose File | Import from Web... to open the Virtual Earth Map Locator dialog.

\al| File | Edit Display Feature Objects Window Help

Ol MNew Ctrl+N

Open... Ctrl+0
Open As...
Add Online Maps...

- ]

| Import from Web...

Map Flood...
Save Mew Project...
Save Map

Save As...

Save As Package...
Get Info...

Info Options...
View Data File...
Save Settings
Page Setup...
Print...

Layout (Beta)...

Ctrl+P

1 1420jobs\20HD078\ CAD\Hydraulics\SMSY To IDOT\Existing and Matural Conditions\SN0%4-2004_CedarCreek_Existing.sms

2 120jobs\20H0078Y CAD\Hydraulics\SMS\Cedar Creek\Existing and Natural Conditions\5N094-2004_CedarCreek_Existing_Merged.h5

3 1\20jobs\20HO078\CAD\Hydraulics\SMS\Cedar Creek\Existing and Natural Conditions\SN094-2004_CedarCreek_Existing_Drainage Ditch.h3

4 1:,20jobs\20H0078\ CAD\Hydraulics\SMS\Cedar Creek\Existing and Natural Conditions\SND94-2004_CedarCreek_Existing_Contours Scatter.h3

5 I\20jobs\20H0078\CAD\Hydraulics\SMS\To IDOT\Existing and MNatural Conditions\SN094-2004_CedarCreek_Existing\SRH-2D\Existing Conditions - 100-year\Existing Conditions - 100-year_XMDF.h3

Exit Ctrl+X
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The location in the Virtual Earth Map Locator will already be focused on the map location set in
step one. The map location can be changed by entering a latitude and longitude or by navigating
to a desired location.

% Virtual Earth Map Locator

Map location Search

Latitude [40.9230486454133] Longitude [-90.458456575870¢] Placetosearchfor [ || Jumpto Search Location

+ Streets v

30 m
100 ft Leaflet | Powered by Esri | USGS, NOAA

[w] Show Navigation Tools

Select OK to open the Data Service Options.
Navigate to the Worldwide Elevation Data (Variable Resolution) and select OK.

'_‘ Data Service Options

* \Web Services {~ Catalog

WrcGIS World Terrain Baze CORINE Land Cover Europe 2012

[w ]

IMPORTANT NOTE: These data sources are on external servers that we have no control over. The data may drawfexport very
slowly or become unavailable at any time. We have no control over this.

Help... Advanced... oK I
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6. A dialog box will open to save the raster. Select the desired folder location and File name. The
default file type is a .TIF. Follow the appropriate naming convention provided in the guidebook.
Example: QC_US40_NorthForkEmbarrasRiver_ WED_10MDEM.tif

7. A confirmation dialog box will open to confirm the file creation. Select Yes.

& web Services  Catalog

5M5 13.1 (64-bit)

@ Create the following file(s)?
R -

20jobs \20H007 S CAD Hydraulics\5M5\Morth Fork Embarras
Warldwide Elevatid River\QC_US40_MorthForkEmbarrasRiver WED_10MDEM_elev.t
if

IMPORTAMT NOTE: These data sources are on external servers that we have no control over. The data may drawfexpart very
slowly or become unavailable at any time. We have no control over this.

Help... | Advanced... Ok | Cancel

Y

8. The user will be prompted to select a zoom level ranging from level 0 (117437.7 meters) to level
15 (3.6 meters). Note: The zoom level does not impact the resolution of the source data. The
highest resolution of the Worldwide Elevation Data is 10-meters. The zoom level determines the
cell size of the created SMS TIF file. If level 15 (3.6 meters) is selected the additional points will
be interpolated from the 10-meter source data. It is not recommended to use a resolution
coarser than level 14 (7.2 meters). Selecting a zoom level coarser than the worldwide dataset
resolution of 10-meters will result in a loss of detail. Generally, zoom level 15 (3.6 meters) is
recommended and will result in a manageable file size.
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ZLoom level

Choose a zoom level:

9. Selecting OK will load the raster to GIS Data in SMS.
10. The raster contours can be adjusted by right clicking on the terrain and selecting Display
Options.
=171 6@ GIS Data

imE OC US40 Neg ;
E" Gioogle Hybrig )( Remove
-9 GC_US40_Ne Rename tif
~[195 QC_US40_Nc
k B Simulation Data

Transparency...

@ Zoom To Extents

[*F  Open Containing Folder...
Projection ¥

Register mage...

E Export...

Export World File...

Editing ¥
| Interpolate To ¥
<

Convert To >
Run TOPAZ

lime steps:

me Sieps Extract Metwork... —

005:10:00

005:15:00 Display Options...

0 05:20:00 ‘[? it

0 05:25:00 [#" | Properties...

005:30:00

NNARAR.AN
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11. Select the desired raster in the dialogue box and click Contour Options...

All Rasters

| Set Default Contour Options. .. Reset Default Contour Options

(% Digplay as 2D image
() Digplay a= 30 points

Selected Rasters

1

1 [] ©C_US40 MorthForkEmbarrasRiver WED_10MDEM_elev.tif

22



Adjust the contours as desired.

Dataset Contour Options - QC_US40 NorthForkEmbarrasRiver WED_T0MDEM_elev.tif

— Color method — Color interval

[Color Fil [Murber =] | 104

ILlse calar ramp Colar Ramp... | Foplulate YWalues. . | Populate Calars. ..

Walle | Color
BRR.0

— Data range 563.0

Datazet: QC_US40 MNorthForkEmbarazRive 571.0 -

Mir:  BE7. 39465332031 573.0
Max: B26.98419123453 587.0

[ Specify a range 595.0
B03.0

Min:  |957.334653320°  [F Fill below
[+ Fill continuous color range
ey |B2E.33H131838  [F Fil sbove

[ Specify precision I'I Tranzparency: IU 4 J—
W Legend: Optioks... | Bold Optionz... | Label Options. .. |

Help... | ] I Cancel |

12. Review the raster to ensure the terrain is of sufficient quality to capture the topographic detail
of the structure, roadway embankment, waterway opening, and appurtenant topographic
features within the study reach. If the SMS terrain lacks sufficient detail to capture critical
hydraulic features, alternative higher resolution terrain data sources should be investigated.
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To Download Publicly available LiDAR and process using SMS (optional step)

1. Navigate to lllinois Geospatial Data Clearinghouse https://clearinghouse.isgs.illinois.edu/
2. Under Frequently Requested Data click “Illinois Height Modernization Program (ILHMP): LiDAR

Data.

=
-ILLINO|S "IPRAIRIE
- GEOSPATIAL DATA RESEARCH INSTITUTE
CLEARINGHOUSE
v . INOIS

COVID-19 HOME DATA RESOURCES & APPLICATIONS ABOUT

Recent Updates

Illinois Sinkhole Areas - New dataset added!

lllinois Sinkhole Points - New dataset added!
Orthomosaic, digital elevation model, and point cloud

derived from unoccupied aerial system (UAS) imagery, lllinois
Beach State Park - New datasets!

SEARCH DATA

Frequently Requested Data
¢ lllinois Height Modernization Program (ILHMP): LiDAR Data
« 2011 lllinois Department of Transportation (IDOT)

Orthophotos
* 1937 - 1947 Historical Aerial Photographs

3. Once on the next page select the viewer tab.
lllinois Height Modernization (ILHMP): LiDAR Data

Data » Elevation Data

Summary | Data S” Viewer | Project Sponsors

This web application allows users to select specific LAS tiles to download. Or, a whole county collection of data, tile index or metadata can be downloaded.

Open application in new browser window #

lllinois Height Modemization (ILHMP) LiDAR Data

Madson il

. . . ; > lllinois Height Modernization (ILHMP)
; LiDAR Data

Download Countywide Data

Waterloo LY
¥ DU ] . To download metadata, breaklines, LAS, DAT, DGN,
 TIN, and derivative data for an entire county:
_ Cedar Raplds 1.0n the map, click on a county, In the popup
: window, click on the More info link for the
Dae Mo corresponding data type. If you do not see a
o Davenport More info link, that data type is not available

i i 2. Or visit the lllinoiz Geospatial Data
Clearing = to see a list of lidar data available
{ | for download.

NAuwmlaad 2 Cuheat Afl AC Tilae
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https://clearinghouse.isgs.illinois.edu/

Zoom to the study reach and select LiDAR tiles for download that cover the desired surface
extents.

LAS Tiles: Clark 2011

Download Tile >> 1108 972.1as

Zoom to

»
_‘--—-_--.--_\_ i -t

!

‘e — ‘
Las files may be directly opened using SMS. Select File | Open and select the .las files
downloaded from the Data Clearinghouse. The .las files will open under the GIS Data module.
If multiple .las tiles were required, merge the tiles into a single .las. Using the shift key select all
desired .las files. Right click on one of the selected tiles and select Merge...
=-[F @ GIS Data

2 4 |Remwe

o Google| e
-[J95 ac_u: rge.
-[O%5 ac_u [2] | Convertto 2D Scatter
~[Z 8 Simulation Interpolate To »
Check All
UnCheck All
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7. A window will open to select the save location and file name. Follow the appropriate naming
convention provided in the guidebook. Example:
QC_US40_NorthForkEmbarrasRiver_IGC_LIDAR.las

8. The generated .las will not automatically load in SMS. Select File | Open and navigate to the
save location selected in step 7 to open the QC_US40_NorthForkEmbarrasRiver_IGC_LIDAR.las.

9. The .las file must now be filtered to generate a “Bare Earth” surface. Right click on

QC_US40_NorthForkEmbarrasRiver_IGC_LIDAR.las and select Display Options...

=20 GIS Data |
A% ‘ QC_U540_MorthFork Embarrask x

. Remove
-[F1%a 25200605 as
- [A%, 25150615 a8 Rename
-[E1%, 25150810 as 3 | Open Containing Folder...
1% 2515060
“‘ = olas @{ Zoom to Extents
-[F1%a 25100605)as "
- [7]195 Google Hybrid Projection »

----D“_,_' QC_US40_NorthForkEmbanast [ | Export...
[ QC_US40_NorthForkEmbaras
-[#]1 8 Simulation Data ||; Display Options...

Convert to 2D Scatter

Interpolate To ¥

[#"  Properties...

10. In the Display Option dialogue uncheck all Classifications except 2 - Ground

Points Exdude point options

Display points (Exduded points are not displayed, exported or used in interpolation.)

O All ane color E [ Exclusion extents: Options...

O Color by dassification SEER

B ®) Classification

® Contours Options... .

O rexen tpe

Point size: 4 %

Max number of points displayed: 50000 Classification Color Points

Total number of points in file: 22709917 [J 1- Unclassified M 1147895
2 - Ground hd 8334733

Bounding box
[] 2 - Low Vegetation MR b

[7] show bounding box Options...
[] 4 - Medium Vegetation v | 226661
[] 5 - High Vegetation v | 862692
[] & - Building | 400849
[] & - Model Key-Point (mass point) ™ 5277134
[[] 17 - Bridge v | 2080837
[[1 18 - High Point (Moise) v | 2582225
[C] 19 - Reserved for ASPRS Definition hd 71076
[[] 20 - Reserved for ASPRS Definition hd 92170
[T] 21 - Reserved for ASPRS Definition hd 2545339
[[] 22 - Reserved for ASPRS Definition b 71531
[T] 23 - Reserved for ASPRS Definition ™ 13248
[] 24 - Reserved for ASPRS Definition hd 1213910

oK. | | Cancel | | Apply | | Help...
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11. Select OK

12. Right click on QC_US40_NorthForkEmbarrasRiver IGC_LIDAR.las and select Interpolate To |
Raster... In the dialog box that appears, it is appropriate in most situations to enter a cell size of
3. This will update the output resolution. Select the Interpolate option to interpolate elevations
for any gaps there may be in the LIDAR points.

&1 GIS Data

72 P QC_US40_NorthFork Emby
~[215a 25200605.as Remove
-5 25150615as Rename

EL,: 25150610 Jas
EL,_ 25150605 Jas
-[21% 9 25100605 as

EI' Google Hybrid

Open Containing Feolder...

Foom to Extents

Ed@0 Sk X|

Projection -]
-[]95 QC_US540_MorthForkEmb
19 QC_US40_NorthForkEmb B
P18 Simulation Data Display Options...
Convert to 20 Scatter
| Interpolate To - B UGrid...
& Properties... UE]:
- - J L
@ Interpolate Lidar to Raster et
Mumber of cells in X: |2D[]1 > |
Mumber of cells in ¥: |1334 S |
Cell size: 3.0 |

i) Don't fil NODATA cells
i) Fil NODATA cells with filter

(@) Interpolate

Cancel Help

13. Alternatively the user may convert the .las file to a 2D Scatter by selecting Convert to 2D Scatter.
Raster data can be interpolated directly to the model mesh and conversion to a scatter data set
is not required. Due to their file size, scatter data sets can often become cumbersome to the
model resulting in lagging model controls. Additionally, converting the raster to a scatter dataset
requires a triangulation between the raster points and could result in discrepancies between the
raster surface and converted scatter set. Converting the scatter set does provide additional
surface display options including providing an option for scatter lines.
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To Convert a Raster to Scatter (optional step)

1. Right click on the raster and select Convert To | 2D Scatter

=-[# 6@ GIS Data
™ v L QC_US40_NorthFork EmbamasRiver WED 10MDEM eley tif

El. Google Hybrid x Remove

Rename

Transparency...

@)  Zoom To Extents

[*F Open Containing Folder...
Projection
Register Image...

&  Export.
Export World File...
Editing

<] = Interpolate To

l 2D Scatter

I Convert To
lime steps: Run TOPAZ
005:10:00 Extract Network...
8 gg;g% B3 Display Options...
8 gg%(s)% (4" Properties...
N N5-35-00 !

Smoothed Raster

Trimmed Raster

Feature Contours at Elevation
Flood Depths

2. The user will be prompted to select a Scatter set name: By default, the name will be the same as
the source raster. The dialogue includes a summary of the number of scatter points that will be

created from the raster file.

Raster -> Scatter

Scatter set name: | QC_US40_MorthForkEmbarrasRiver _WED_10MDE

Murmn scatter points in new set: 437573

o |

Note: By default, the maximum number of scatter points generated is 20-million.
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r

3. Click on Display| Display Option (Alternative shortcut Ctrl + D)
5M5 13.1.11 (B4-bit) - [untitled.sms]

Q File Edit | Display | Data Mapping Window Help
D = EH IE| Display Options... Ctrl+ Dt |a @ C
] Lighting Opticns...
HEVR
I‘.:}I Project Map Locator... =
EEE Scatt Display Projection... oo
E‘ Reproject All... R
EIE Map Single Point Projection... AL
L[] & 4 Refresh Spacebar 0
ﬁ GI.S Frame Image F E.D
: g
E‘E I
View > 10
.0
Plot Wizard... 0

Display Options

General
GIS

Mag

¥ Show option pages for
existing data only

| | -250..0

Scatter |Corrtour5 I Vectors |

[~ Poirts
[T Use contour color scheme
[~ Trangles
[~ Boundary
Iv Contours
[ Velocity vectors

¥ Breaklines

7 offset: ID-U

4. Select Scatter in the Display options. Check the box for Contours and uncheck Points.

Inactive calor
[ Nautical grid
™ Poirt names

™ Poirt numbers

[~ Scalar values Options. .. |

[ Use contour color scheme

29




5. Click on the Contours tab and adjust the contours to the user preference. Under Contour
method the user will find an additional option for Color Fill and Linear that allows the user to

add contour lines in addition to color contours.

Display Options

General
&l Scatter Contours I‘u"edorsl

b r— Contour method r— Conbour interyval
=l | 102

Linear ;I I Murmber =l

Linear
Caolor Fill Color Ramp... | Poplulate Yalues. . | Populate Colors....

Line thickness: I'I Value | Color
300.0

3450
390.0
435.0

I
—
[ ]

—Data range

Dataset:  elevation
Mir: 271576751 70833

Maw: 733.92224121034
526.0

570.0

[ Specify arange

Mir: I2?1.5?E?51?DS! ¥ Fill belaw
M aw: |?33.92224121D! ¥ Fil above

[~ Specify precision |1 Transparency: IU %z J—
¥ Legend: Options... | Bold Options... | Label Options... |

NN

¥ Fill continuaus colar range

¥ Show option pages for
existing data only

AT
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Adjusting the display options through Display| Display Option will adjust the contour
preferences globally for all scatter sets included in the model. Alternatively, the user may set the
display contours for a scatter individually by right clicking on elevation below the scatter name
and selecting Dataset Contour Options. Setting display options through this window will

override the global display from step 5.
=-[ELF Scatter Data

El@ QC_U540_NorthForkEmbamasRiver WED_10MDEM_elev ti
= .La I"-'1a|:u Data Rename
~[]&D AreaP [ Duplicate
QC_L
<D ac | Export...
[ &S QC_L
- ac_u: Scalars to Vector... 10y
[ D QC—U:| Dataset Contour Options... 1_50yr
- [ ac_L! _100yr
- [F&S ac_u! Metadata... . 200y
- []€® QC_L Time units and reference... Condition_ 501
~[e]& ac_uy _
I'_'I '-G GIS Data [(5 | Properties...

Once contour optlons have been set for an |nd|V|duaI scatter they may be cleared by right
clicking on elevation below the scatter name and selecting Clear Dataset Contour Options.
EL@ Scatter Data

EIB QC_U540_NorthForkEmbamasRiver WED_10MDEM_elev i

Hcievaton

= ¥ | MEF' Data Rename
~[£]€D Area Prc Duplicate
& ac_us:

- [Z]&® QC_US: Export...
-] & QC_USs Scalars to Vector..,

g gg_ﬂgj Dataset Contour Options...

N [ GC:LIS£| Clear Dataset Contour Options..,

-] €9 QC_US Metadata... on_501
=N IEE?S%;:SI Time units and reference...

~[5% a QC_Us: [#" Properties...
.EI Google I-qruuu
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APPENDIX B - HYDROLOGY

Using StreamStats to determine model input flows:

1. Go to https://streamstats.usgs.gov/ss/.

2. Search for the city or town nearest to the bridge, or zoom/pan into the area manually using the
+/- tools at the top left of the map screen or by scrolling with your mouse.

USGS s

-
SELECT A STATE/ REGION > [JFFETHRISRE N -

Base Maps
Step 1: Use the map or the search tool to v

identify an area of interest, At zoom level § or

greater State/Region selection will be enabled. /| National Layers

Q| Martinsvilld

Cities & Populated Places >
Martinsville
Clark County, IL
Martinsville
Morgan County, IN
Martinsville (historical)
Knott County, KY
Martinsville
Warren County, KY
Martinsville

Knox County, ME

Martinsville
Wayne County, MI

Martinsville
Harrison County, MC

Martinsville

Copiah County, MS

Martinsville

Somerset County, N.J

Martinsville

Niagara County, NY

Martinsville

Wyoming Couty, NY y
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https://streamstats.usgs.gov/ss/

3. Select the lllinois as the state or regional study area.

% USGS StreamStats M Report @ About  ? Help

T R

Base M v
Step 2: You have z0omed in sufficiently to select -
a state or regional study area. Your selection will
dictate the data used to perform basin Olive St bofication Livers v
delineation and flow statistics calculation. T
v v
Click to select a State or Regional Study Area E Pearl. 87 £ Kendall St =
W Kendall St -
o
o
@ Help
@
o
&
Zoom Level: 16
Map Scale: 1:9,027
Lat: 39.3369, Lon: -87.8964
10m
Leaflet

This will add the stream grid for lllinois to the map, as shown below.
%USGS StreamStats W Report @ About  ? Help

& Exploration Tools ,l. o R Layers x

lllinois @

IDENTIFY A STUDY AREA > - - % g
- % Siive St Application Layer v

Step 2: Click the 'Delineate’ button to activate
the delineation tool

£ Kendall St

W Kendall St

e
1

Zoom Level: 16
Map Scale: 1:9,027
Lat: 39.3334, Lon: -87.8960 [

1

” !

o Leaflet | Es:
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4. Navigate to the bridge location and select the “Delineate” button to activate the tool.

é USGS StreamStats M Report @ About  ? Help

o )
@ploranon Tools % Layers ey

lllinois & =
=+ ¢

="_|_ 1 'y Base Maps -~
|

Step 3: Use your mouse o finger to click o tap a
blue stream cell on the map

o
88
o

-
00000000

] = J’ 1

- s
_.-'i_ ___4- _,'.‘p—" °,% Z
..-'-..-I- 3 v é

L i 2
1300th Rd £y ll

Zoom Level: 16 .II

Map Scale: 1:9,027
.. Lat: 39,3390, Lon: -87.8980 I

Lo . Lt
100 —— . '_..:.l g 2
S0 — i "1 A3 Leaflet |Esri

ern st

West

5. Select the blue stream cell that is nearest to the bridge being analyzed to delineate the basin.

% USGS StreamStats M Report @ About  ? Help

D o500 To0is

-
illinois & | S

.
IDENTIFY A STUDY AREA > [

Step 4: Wait for delineation process to
complete... ',

- 3
o = 4
s 3
- =
v o2
i
¢
! e —
i S
f
I|' (59 |
5, /
%, 05" I
s, wo [ &
1300th Rd L 3
s,
L
Zoom Level: 16 -
4, Map Scale: 1:9,027
Lat: 39.3390, Lon: -87.8980 J
e M\ T Sttt
== LN |
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6. If there are obvious errors in the delineation given by StreamStats, areas can be added or
subtracted from the basin using the “Edit Basin” button. If the delineation looks reasonable,
select the “Continue” button.

% USGS StreamStats M Report @ About  ? Help

: . | B e X
& Exploration Tools
lllinois & ¢ Ashimore z
+\ = £ o
IDENTIFY A STUDY AREA S Fl
Basin Delineated > = 2
2 o e .

Step 5: Your delineation is complete. You can
now clear, edit, or download your basin, or

choose a state or regional stud c function
(if available). Click continue when you areready. ~ H%*—

[ Edit Basis { e Westfield | \

00000000

& Download Basin~
or

Zoom Level: 12 ; N R
Map Scale: 1:144,447 A
Lat: 39.3367, Lon: -88.0722 / ™

3 / / / S - { wer
2k (" comnemra——y / / P ‘
! ; . N i &) R P, Leale | E5

7. Select the “Peak-Flow Statistics” button for the scenario and then select “Continue” to calculate
the selected basin characteristics.

4 USGS StreamStats M Report @ About

& Exploration Tools ) S s

—~. Layers
llinois @ s o , — \permre = )
+\ & ; § £

Base Maps

Basin Delineated

o i oh / p i | J £ 2500 F Natio E
‘, , O
SELECT SCENARIOS > [es / Q s
n) % ¢ 7 { = "
Step 2: click “Continue” to proceed. / “1 Road 720N | O S
£ ‘ \ Q o
Regression Based Scenarios ° { 2 S P O
Westtia ) (Orsnaa
Peak-Flow Statistics i
i} A ~
Bankfull Statistics
: v

MilCrask
unty Park

Basin Characteristics v

Zoom Level: 12

Map Scale: 1:144,447 4 4 5 A
Lat: 39.4054, Lon: -88.1656 / / ™ {~ &

: 4 4 / / 1~ tnsville
o { enoonortira— / / l# ST
Tm \ €/ v L @) o &
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8. Select “Continue” once more to build the report. A report title and notes can be added to the
top of the report if desired.

Enter a report title and/or comments here that will display on the printed report. Use the print button below.

StreamStats Report
Enter comments

Some comments here

StreamStats Report

Region ID: L

Workspace ID: 1L20210907195948894000

Clicked Point (Latitude, Longitude): 39.33899, -87.89801

Time: 2021-09-07 15:00:56 -0500
) \

\

56T Highwe! i |

0

Scroll down through the report to view the information provided. The report will show two sets of
discharges for the basin. It is up to the discretion of the engineer whether to use the urban flows or not.

Statistic Value Unit

50-percent AEP flood 3320 ft*3/s
20-percent AEP flood 5960 ft*3/s
10-percent AEP flood 7910 ft*3/s
4-percent AEP flood 10500 fi*3/s
2-percent AEP flood 12600 ftn3/s
1-percent AEP flood 14600 ft*3/s
0.2-percent AEP flood 19800 ft*3/s
Urban 50-percent AEP flood 3360 ft*3/s
Urban 20-Percent AEP flood 6020 ftn3/s
Urban 10-percent AEP flood 7980 ft*3/s
Urban 4-percent AEP flood 10600 ft*3/s
Urban 2-percent AEP flood 12700 ft*3/s
Urban 1-percent AEP flood 14700 fi*3/s
Urban 0.2-percent AEP flood 19900 ftn3/s
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The report results can be printed to a PDF or printer, or downloaded to GeoJSON, CSV, ShapeFile, or
KML formats.

Urban 10-percent AEP flood ftA3/s
Urban 4-percent AEP flood ft*3/s
Urban 2-percent AEP flood ftr3/s
Urban 1-percent AEP flood ft*3/s

Urban 0.2-percent AEP flood ft*3/s

Peak-Flow Statistics Citations

Soong, D.T., Ishii, A.L., Sharpe, J.B., and Avery, C.F.,2004, Estimating Flood-Peak Di i and

for Rural Streams in Illinois, U.S. i Survey Scientifi igati Report 2004-5103. 147 p.

Over, .M., Saito, R.J., Veilleux, A.G., Sharpe, J.B., Soong, D.T., and Ishii, A.L.2021, Estimation of peak g
for selected annual exceedance probabilities in northeastern Illinois (ver. 3.0, June 2021): U.S. Geological Survey
Scientific Investigations Report 2016-5050, 50 p. with appendix

USGS Data Disclaimer: Unless otherwise stated, all data, metadata and related materials are considered to satisfy the quality standards relative to the purpose for
which the data were collected. Although these data and associated metadata hav f y and completeness and approved for release by the
USS. Geological Survey (USGS), no warranty expressed or implied is made regarding the display or utility of the data for other purposes, nor on all computer systems,

nor shall the act of distribution constitute any such warranty.

USGS Softy re has been subjected to rigorous
review, the USGS reserves the right to update the software as needed pursu v xpressed or implied, is made by the
USGS or the U.S. Government a functionslity of the software and related material nor shall the fact of release constitute any such warranty. Furthermore, the
software is released on condition that neither the USGS nor the U.S. Government shall be held liable for any damages resulting from its authorized or unauthorized

use.
USGS Product Names Disclaimer: Any use of trade, firm, or product names is for descriptive purposes only and does not imply endorsement by the U.S. Government.

Application Version: 4.6.2
StreamStats Services Version: 1.2.22
NSS Services Version: 2.1.2

& GeoJSON
% Close

& csv

& ShapeFile

& KML

9. StreamStats provides flows for the 50% (2-year), 20% (5-year), 10% (10-year), 4% (25-year), 2%
(50-year), 1% (100-year), and 0.2% (500-year) events. The 200-year flow will need to be
interpolated for the model input.
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APPENDIX C— DEVELOP MODEL MESH

1. Create a new coverage by right clicking “Map Data” in the project organizer and selecting “New
Coverage”. Select “Mesh Generator” from the generic coverage type.

© Project ‘t:
= D@ Scatter Data Q
= D QC_US40_North ¥
elevation
T

<’.
= Da — D New Folder

D E]:O'.' Clear Coverages

Dno' g Display Options...

Collapse All
Expand All
Check All
Uncheck All

Mew Coverage *

Coverage Type:

El Generic
1D-Hyd Centerline
1D-Hyd Cross Sections
Activity Classification
Area Property
Bridge Scour
Location

Observation
Particle-Drogue
Plot Data
Spatial Data
Spectral
Stamping

#- Models

Coverage Name: Mesh Generator

ok | Cancel |

2. Select the Mesh Generator coverage that was just created in the project organizer window (as

the active coverage it will be bold). Select the “Create Feature Arc” tool s and draw the
boundary for the mesh. It should extend a few thousand feet upstream and downstream of the
bridge being analyzed. The mesh boundary should span the width of the floodplain. The
boundary should be perpendicular to the flow direction where it crosses the river or stream.

@ SMS 13.1.12 (64-bit) Ci y -[ac_us4o.!
\a File Edt Display feature Objects Window Help

USE5l aams *[]2Flss e
T

SHEE @Y LR |

Q Pt 4.
& D@Em g' —

- D QC_USAQ_NorthForkEmbarrasRiver_elev il A

B 2

= @ vwom L]

| 2 [ O N

I oc_usso NomronEmbamashiverMesh Genecator -

= B o 4

" OC_USA0_NorForkEmbanasRiver_aenal_ag_imagery st

055 cc.usio namrorembanssive_sevst

5 B MURNRX
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Create a feature arc along the centerline of the roadway to serve as a breakline. Each end of the
feature arc should snap to the mesh boundary created in step 2.

@ sMS 13.1.12 (64-bit) C y - [QC.Us40 - 6 X
\a File Edt Display Feature Objects Window Help

UBSEEN Gams [ FlEs ek
T T

QHEHEEA YL B [ I r f

L™ +
= Ol semom Q=

- DE“‘:—WM-""' K
B z
= @ vwom ()
D aesrropeny X
B oc_uswo NomrokEmbanashiverMesh Generator -
= @@ osom 'r*
2 | P T —————
L E——— A
7
&
),.u

3 e

b2

Polygon attributes cannot be applied until the polygons are built from the feature arcs created
in the previous steps. To build polygons, make sure the mesh generator coverage is bold by

clicking on it, and then click on the Build Polygons tool oo

|@ sMs 13.1.12 (64-bit) C y - [QC_Us40_! - B X
& File Edt Display Feature Objects Window Heip - x

LSECH aams (2 FlReme
LEEF @Yl [ _

+

@ Proect >
= ]G scomomn (o}~

& DE QC_USA0_NorthForkEmbarrasiver_elev i g

. i

= @ vswon =

B rearopeny S

BQ QC_USAQ_Northf orkEmbarrasRiver Mesh Genorat: 3

= E@osos .ﬁ

95 oc-usionaroscmbanmive.seia g maguy .t

m} E QC_US40_NortForkEmbarrasRiver_slev sl ;{

#

&

>

Bl
A
<
&
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5. Select the “Select Feature Polygon” tool Al and double click one of the polygons. Choose
“Paving” for the mesh type. Choose “Scatter Set” for the Elevation (bathy/topo) type.

@ 20 Mesh Polygon Properties *
Mesh Type
|Pawng :J _I
Bias (0.0-1.0; (0.3
Elevation (bathy/topo) type

scaterset K2
Scatter Options.

In‘:-t-.-||3|3' j

)

I AlAxplal@)m]] e |
M | ok | cance |

Select the “Scatter Options” button and select the scatter data. “Raster” can be selected if it was

not converted to a scatter set. This will tie the mesh into the elevation data. Repeat this step for
all polygons.

Interpolation X
Interpolation Options Scatter Set To Interpolate From
Interpolation: E-[".] QC_US40_NorhForkEmbarrasRiver_elev iif (active)
[rem | B ctevation]
Extrapolation:
[singie vae 3|
Single Value |[!.D

Other Options Time Step Interpolation

g 0/00:00:00 ]

[ Truncate values

34028234 Te+038 Ii

Help... | 0K | Cancel
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6. Select the “Select Feature Arc” tool.ﬂ‘ Hold shift and select all feature arcs. Right click
anywhere on the screen and select “Redistribute Vertices”.

@ SMS 131,12 (64-bit) C ty Edition - [QC_US40.! - o x
la File Edt Display Feature Objects Window Help

UsEsel aems © 2 & ilss ® <
[

EHEEVOY L | z I I j
Q@ Prowct
= O seorom a —

i | T T e r——— 4
B ren &
= o g
o A Property x
1D oc_uswo_NomFonEmbamasiiver Mosh Genorator -
= E@e *

[F94 oc-usko Nowscnembarashiver ssnsog mageny

Dns QC_US40_Nort orkEmbarasRiver_slev b

A
&l
i
-
‘
Al
A
/ﬂ‘ :
i
W
&

Split Arc(s)...
Offset Arc(s)..
Arc(s) With Contour..

Prune Arcls)..
Create Arc Group
Delete

7. Choose “Specified spacing” and enter 50.00 for the average spacing. Spacing may be changed
based on the size of the mesh.

Redistribute Vertices e ‘
(~ Arc Information
Number of Selected Arcs (4
Total Mumber of Segments |2
Total Arc Length(s) 36679, 708227912
Segment Lengths:
Minimum 930. 70994407495
Average 3334 5189298102
Maximum B784.1901 212635
[ Arc Redistribution
Specify: |Specified spacing ~|

Average spacing: W
Bias (0.01-100.0) o
[~ 2nd Bias (0.01-100.0): |m

[~ Use Cubic Spline

Help... | 0K | Cancel |
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8. The mesh can be previewed by double clicking a polygon using the “Select Feature Polygon” tool
and selecting “Preview Mesh”. Ensure the elements are of similar size and continuous across the
mesh. You can zoom in and out using the zoom tool.

@I Mesh Polygon Properties % |
Mesh Type
|Pavmg L] _'J
Bias(00-10) [03
Elevation (bathy/topo) type
[Scatter set ~]
Scatter Options.
|material 01 |
g
c [—
Zoom Tool
(¥ AlA x| HIQ @[T
- 0K Cancel

9. Convert the mesh generator coverage to a mesh on the 2D Map by right clicking the Mesh
Generator in the project organizer and selecting “Convert” and then “Map->2D Mesh”.
Adjustments to the mesh cannot occur in the converted “Mesh Data”. Adjustments must be
made to the mesh generator coverage and then converted again to a 2D Mesh.

@ Map Data w
0 Area Property k

o QC_US40_NorthForkEmbarrasRiver_Mesh Geng Rename
@ GIS Data % ':l Duplicate

.
m ‘ QC_US40_NorthForkEmbarrasRiver_aernal_ag_imagen x

ot Delete
D m'o' QC_US40_NorthForkEmbarasRiver_elev tif
Convert 2|+
_’. Map -> 2D Mesh
E Export... +
Map -> UGrid

Projection... "&
Reproject... rﬁ Map -> 2D Scatter

Mesh Generation Toolbox...

@ Zoom to Coverage

Metadata...

&' Properties..

Type >
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APPENDIX D — DEVELOP COVERAGES

Materials Coverage

1. Right click “Map Data” in the project organizer window and select “New Coverage”. Select
“Models” then “SRH-2D” then “Materials”.

MNew Coverage *
[] D [E Scatter Data 9 R
fam) CiGrid Generator A
= D B QC_USA0_North! s Location
) Mapping
elevation st bt Mesh Generator
[t Observation
[= Particle-Drogue
= @w el Plot Data
"l“VCCUEfﬂg! Spatial Data
a Spectral
Stamping
6 I I New Folder B Models
30 Bridge
— f B Mise Tools (Beta)
(= @ GIS Clear Coverages = SRH-2D
n : . Sediment Materials
d @ Display Options... Monitor
E:I:: Obstructions
Boundary Condi
D d Collapse All oundary Conditions v
Expand All Coverage Name:  [Matenials
Check All
Uncheck All OK I Cancel |

2. Make sure the Materials coverage that was just created is the active coverage (it should be
bold). Select the “Create Feature Arc” tool and draw the boundary for the materials coverage. It
is important to draw the materials coverage feature arcs so that they fully enclose the mesh. At
no point should there be mesh elements or nodes outside of the materials coverage. Break
lines within the outer boundary can be drawn to separate different land uses.

@ SMS 13.1.12 (64-bit) - [QC_US40_NorthForkEmbarrasRiver.sms]
\al File Edit Display Feature Objects Window Help

UBSEHel kel [ [ =l i+
SOEHEE @Y Lo ]

@ Foe
= Ii MeshData
= I R o US40 NomrokEmbarrashiver Mesh Generstor |
2z
= [ scoterowa

= DE QC_US40_NorthForkEmbarrasRiver_elev.tif

B weapiery
I L L —

&) aC_USH0_NorthForkEmbarrasRiver. Materials

0]

@ OC-US40_NorthForkEmbarasRiver_aerial_ag_imagery i

095 oc_usto_Nomeonembarasiiver_sievs
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3. Select the “Build Polygons” tool. A material cannot be applied to the coverage until the polygons
are built.

|@ SMs 13.1.12 (64-bit) - [QC_USA0_NorthForkEmbarrasRiver.sms]
\al File Edit Display Feature Objects Window Help

IBEEl aeml L[]« lEs 9Lyt
ROHEE @Y "0 .

= +
= Q MeshData
T O Sl i
22
= [ scoterowa

= DE QC_US40_NorthForkEmbarrasRiver_elev.tif

|E5| elevation
= (A eroen
D AveaPropery
A oc_ussoNomronEmbarasRiver_Mesh Generator
&) aC_US40_NorthForkEmbarrasRiver_ Materials.
= E@osom

2195 oc_usto_NomFonEmbarashive

r_aerial_ag_imagery if

395 ac_usto_Nomronembarassiver_sievst

Select the “Select Feature Polygon” tool and double click one of the materials polygons. A
window will open where the manning’s “n” value, name, and color/texture of the material can
be assigned to the polygon that was selected. Materials can be added or deleted with the plus

and “X” in the lower left corner of the window. Every polygon must have a material assigned to
it.

@ Assign Material X
Color and Texture MName Manning's N Depth Varied Curve Curve
1 % unassigned 0.02
2 2 QC_Materials_n=0.06 1006 ~
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Monitor Coverage

1. Right click “Map Data” in the project organizer window and select “New Coverage”. Select
“Models” then “SRH-2D” then “Monitor”.

New Coverage X

Coverage Type

- CGrid Generator A
Location
--Mapping
Mesh Generator
--Observation
Particle-Drogue
--PlotData
Spatial Data
--Spectral
Stamping
=-Models
3D Bridge

- Misc Tools (Beta)
= ﬁ GiS Clear Coverages £ SRH2D

--Materials

7" 4 x Sediment Materials
;-:q_ Display Options...
L1

D Obstructions
" -
R --Boundary Conditions v
“d Collapse All
Expand All Coverage Name IMonitor
Check All

Uncheck All oK I Cancel |

2. Select the “Create Feature Arc” tool. Monitor lines/points do not impact the calculations of the
simulation. They serve as checks while the model is running to determine the stability of the
model and when it reaches steady state. Monitor lines should be placed within the mesh.

@ SMS 13.1.12 (64-bit) - [QC_USE0_NorthForkEmbarrasRiver.sms]
|a File Edit Display Feature Objects Window Help

USE=l el & [ leE @+
SOHEHEHE @Y L l

© rome
[=- i MeshData
= . QC_USA0_NorthF orkEmbarrasRiver_Mesh Generalo
L@z
= D% ScaterData
= [2] ac_usto_Nortrorkembamaskiver_slev.st
! clovation
= @ Map Data
- [ #ezpropeny

AR cc_ussoNotForembarasRiver_Mesh Gensrstor

- B ec_usio NomFoEnbanasRiver_Materals
@D oC_US40_NonhForkEmbarrasRiver_Monitor
= EW S Data
; 0C_US40_NorthF orkEmbarrasRiver._astial_ag_imagery if

Dns GC_USA0_NodhForkEmbarasRiver_loy il

DE LIRS B ANK T AY b S04
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APPENDIX E — DEVELOP BOUNDARY CONDITIONS

1.

Right click “Map Data” in the project organizer window and select “New Coverage”. Select
“Models” then “SRH-2D” then “Boundary Conditions”. It is helpful to name the boundary
condition in a way that represents the storm that the boundary conditions will represent.

New Coverage X

Coverage Type

--CGrid Generator ~
Location

X --Mapping
elevation -7 \ Mesh Generator
fraast X --Observation
p— m Particle-Drogue
= %m - .PlotData
s Crrssraris Spatial Data
Stamping
| =-Models
e E New Folder 3D Bridge

[#-Misc Tools (Beta)
(=] ﬁ GIS Clear Coverages [} SRH-2D
. --Materials
bl Sediment Materials
d _ Display Options... ~-Mornitor
ui Obstructions
D 3 Collapse All & Boundary Conditions v
Expand All Coverage Name:  [Boundary Conditions
Check All
Uncheck All ok | camce |

Make sure that the boundary condition that was just created is the active coverage (it should be
bold). Select the “Create Feature Arc” tool and draw two lines: one at the upstream end where
the flow will be entering the mesh and one at the downstream end where the flow will be
leaving the mesh. It is important to draw the upstream feature arc perpendicular to the flow
and outside of the mesh but within the materials coverage. The downstream feature arc must
be drawn within the mesh.

@ SMS 13.1.12 (64-bi) - (QC_US40_NorthForkEmbarrasRiver.sms)
& File Edit Display Feature Objects Window Help
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Inlet-Q Boundary Condition

3. Select the “Select Feature Arc” tool and double click on the upstream feature arc from the
previous step. Change the BC Type to “Inlet-Q (subcritical inflow)”. Enter the flow for the
appropriate storm given by StreamStats or by FEMA FIS. There will be one boundary condition
coverage per storm frequency.

@ SRH2D Assign BC X
BC Type: ~
Inlet-Q (subcritical inflow) w

Discharge options

Discharge option:

Constant ~
Constant Q:
7910 cfs

Distribution at inlet:

Conveyance w

Sediment inflow (Ignore if not simulating sediment transport. Only applies to simulations with sediment enabled.)
Sediment discharge type:

Capacity w "

Exit-H Boundary Condition

4. Select the “Select Feature Arc” tool and double click on the downstream feature arc. Change the
BC Type to “Exit-H (subcritical outflow)”. Change the Water surface (WSE) option to “Rating
Curve” and choose the correct units. Select the “Populate using Channel Calculator” button.

@ SRH2D Assign BC X

BC Type:
Exit-H (subcritical outflow) v
Exit water surface options

Water surface (WSE) option:

Rating curve w
Rating curve:
XY Series... | |cfs-vs- feet ~

Populate using Channel Calculator...
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5. Select either the Raster or Scatter set as the Ground elevation dataset.

@ Select Dataset >

v @ Project
~ [ Mesh Data
v Ry QC_US40_NorthForkEmbarrasRiver_Mesh Generator Mesh
&z
v (@ Scatter Data
v [ QC_US40_NorthForkEmbarrasRiver_elev.tif
elevation

oK | | Cancel

6. Enter the composite manning’s “n” value for the site. To calculate the slope, make the mesh
active in the project organizer. Choose the select objects tool and hover over the waterway at
the most upstream portion of the mesh. The elevation will be shown at the bottom left of the
window. Repeat the action for the most downstream portion of the waterway. To measure the
length of the channel, use the “Measure Tool”.

® SMS 13.1.12 (64-bit) - 1QC_US40_NorthForkEmbarrasRiver.sms) - o x
@ File Eot Display Data Nodes Nodestrings Elements Window Help

UBHSN hams " & Fillss ®h
SROEEE @Y L0

Q Proect
7L S
- Bl
2z

g - -I_
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- O ‘
= DE QC_US40_Nort orkEmbarnasRiver_olev 5 A
e x
= Q@ [ Measure Tool
B ~eseopen
QS

[ D cc_usw0 nomroumbamssiver Mesh Generstor

@ oc.usw rosrostmbarssiive: Masecas

QD cc_usso nomronembanzsive Montor

1D oc_usso NorwronEmbamashives_BoundaryCondi
= @@ oso-

H. QC_USH0_NorForkEmbarashiver_senal_sg_magery 8

Dﬂg 0C_USH0_NoForEmbanasRives_slev s
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7. Enter zero for the minimum flow. Enter the 500-year flow from the hydrological analysis for the
maximum flow. Enter an increment of flow that will give a good spread of tailwater conditions
(typically 10 cfs). Click “Add to Table” to populate the table. Then click OK.

@ Channel Calculator
Input Results
Type: Mormal depth ~ Flow (cfs)  WSE (ft) "
Ground elevation dataset {ft): Z 1 0.000 337.609
Composite Manning's n: ‘D.DG | 2 10.000 558.621
Slope: fft (3 20000 558821
Multiple discharges
4 30.000 559.135
5 40,000 559.308
Increment of flow: fs & 30.000 33945
Add to Table 7 60.000 559.587
8 70.000 559,706
Messages and Warnings 9 80.000 350.815
Computations completed with no warnings o 50.000 339915
1 100.000  560.000
v
—_— =
Cross Section with flow of 19800.0 cfs
590 4 —— Cross section
—— Normal depth
585 4 === Critical depth
g 580
c
S 575 A
=]
]
i
o 570 1
565
560 +
T T T T T T T T
0 500 1000 1500 2000 2500 3000 3500
Station (ft)
Help... OK Cancel
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APPENDIX F —RUN EXISTING CONDITIONS AND REVIEW RESULTS

Create a Simulation.

1. nght clickina b_I__apk space on the project explorer and select New Simulation | SRH-2D

el ~ ok
=8 DL@ GIS Data
DE‘ Blev_Import_elev tif 1o
- [095 Word Street Map hou
..... ..[ ]9 Word Imagery 2k
%
o
10
W switch Module > | 2
| New Simulation > HEC-RAS
lili| | Save as CAD | SRH-2D
Tidal Constituents B
Collapse All
—— Expand All
Check All
Uncheck All

Preferences...

2. By default, the simulation will be named Sim. Right click on Sim and select Rename.
3. Name the simulation QC_US40_NorthForkEmbarrasRiver_Existing Conditions — 100-year. The
name of the simulation will determine the name of the simulation output folder.

Link Coverages to Simulation.

1. Four coverages will be linked to the simulation including the Mesh, Materials, Boundary
Conditions, and Monitor. To link a coverage right click on the coverage and select Apply to |
SRH-2D Simulations -> QC_US40_NorthForkEmbarrasRiver_Existing Conditions — 100-year

El DL‘ Mesh Data
I_eOIin FOrNK CTmD o

=-[= .lf@ Scatter Data 3  New Folder

v QC_US40_Nc

B .|j.- Rename
i..iE5| elevation -

=-[A& Map Data |5 Duplicate

[ Area Property X Delete
[ QC_US40_Nott
. [Z€9 QC_US40_Nort Interpolate to...
-[Z1&9 QC_US40_Nort Convert
[ aC_Us40_Notl [ Export...
-[F1&® QC_US40_Nort
- [Z1€9 QC_US40_Nort
[ QC_US40_Nd Snap Mesh to Arcs
-[Z] & QC_US40_Nort Projection...

Export Datasets...

IR GIS Daa Reproject...
-[21%% QC_US40_Nort
'- _El.’ Google Hybrid I Apply to

-[1%5 QC_US40_Nort @)  Zoom To Mesh
=8 Smulation Data

=4 ILE SRH-2D Simuia{
~[Elpac_ Us40 (&  Properties...

Metadata...
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2. Repeat this step for the Mesh, Materials, Monitor, and Boundary Conditions. Once completed
the coverages will appear below the linked SRH-2D simulation.
=[5 B Simulation Data
2 fFE2 SRH-2D Simulations
E| Lb QC US40 NorthForkEmbamasRiver Existing Conditions - 100-year

. ] = QC_US40_Morth Fork Embarras River_BoundaryCondition_100yr
.{ﬁ' QC_US40_MorthFork EmbamasRiver_Monitor
----- . mhed QC_U540_NorthForkEmbamasRiver_Materials

Specify Model Controls.

1. To access model controls right click on the simulation (Existing Conditions — 100-year) and select
Model Control...
El B Simulation Data p.
ElLE SRH-2D Simulations .

..... |:| & qc usqu NorthFork EmbarrasRiv Rename
----- . QC_U540_MorthFork EmbamasRiver_Bo Duplicate
----- . QC_U540_MorthFork EmbamasRiver_Mg x
..... .'6 QC_US40_NorthFork EmbarmrasRiv

Delete

Simulation Run Queue...

| Model Control...

Generate Snap Preview

Tools »
Floodway Tools >
i  Model Check..

me steps E Save Simulation

0 05:10:00

0 05:15:00 P Run Simulation

0 05:20:00

0 05:25:00 E Save Project, Simulation and Run

HHE%% ¥ | Read Sclution

0 05:40:00

0 05:45:00 %  Properties...

0 05:50:00 T
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2. The model control dialogue will open with the following defaults.

™ SRHZD Medel Control

General | Cutput | Advanced | Sediment |

Simulation description:

|Descri|:l1jur1

Case name:

|Casn.=-_

Start time (hours):

0.0

Time step (seconds):

Lo
End time (hours):

1.0

Initial condition

| Dry

|:| LIse pressure ceiling

3. The General Model Control tab is where the user specifies the length of simulation, time step,
and initial condition. The Simulation Description is optional and does not impact the naming
convention of the model files. The description provides the modeler with an opportunity to
elaborate on the details of the simulation. For this simulation the description will be Existing
Conditions 100-year US 40.

4. The Case name will determine the file names of the simulation output files. This can be used as
an opportunity to provide detail on parameters that may be iterated for the same simulation
such as time step and simulation length. For this run the name will be 100-year_12HR_5sec to
note that the 100-year flood will be run with a simulation length of 12 hours at a timestep of 5
seconds.
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5. The start time of the simulation will be 0. The Time step will be 5 seconds and the end time will
be 12. The Initial condition will be Automatic.

™ SEHZD Medel Control

General | Cutput | Advanced | Sediment

Simulation description:

|Exis1:ir|g Conditions 100-year LS 40

Case name:

| 100-year _12HR._5sec

Start time (hours):
0.0

Time step (seconds):

5.0
End time (hours):

l12.0

Initial condition

| Automatic

[ ] use pressure ceiling
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6. Select the Model Control Output Tab

General Output | Advanced I Sediment

CQutput format:

| xvDF

Qutput units:

| Engiish

Output method:

|5peciﬁed Frequency

CQutput frequency:

|5.0 | [Minutes

Maximum datasets

[ ] output maximum datasets
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7. Output frequency determines how often the model will report output. For a steady state model,
the desired output occurs at the final timestep. As such, the user should specify Simulation End
for the Output method.

General Cutput | Advanced I Sediment

Output format:

| XMDF v]
: Dutput units:
: | Enalish W |
i Output method:
I |5imulaﬁnn End b |

Maximum datasets

| [ ] output maximum datasets

8. Select the Advanced Tab
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9. By default, the Unsteady output is checked.

| General | Output | Advanced Sediment

Turbulence maodel:

| Farabolic W |

Parabolic turbulence:

0.7 |
[w] Unsteady output

10. Uncheck the box for Unsteady output.

| eneral | Output | Advanced Sediment

Turbulence maodel:

| Parabolic W |

Parabaolic turbulence:

0.7 |
[ ] Unsteady output

Saving and Running the Simulation

1. Right click on the simulation QC_US40_NorthForkEmbarrasRiver_Existing Conditions - 100-year
and select Model Check. The model check looks for missing important data or inconsistent or
incompatible options and parameters. Such errors will either cause the model to crash or to
generate an erroneous solution. Note: The Model Check searches for obvious errors or
potential problems. A successful model check does not guarantee that a solution will be correct

or the model will be stable.
E| B Simulation Data
-2 SRH-2D Simulations

[1,%® QC_US40_NorthFork Embarras Rename

59 QC_US40_MorthFork EmbarrasRive| Duplicate
; [A#> QC_US40_NorthForkEmbarasRive X Delete
[ QC_US40_NorthForkEmbarras

Simulation Run Queue..,

Model Control..

Generate Snap Preview

Teols >
Floodway Tools »
|# Model Check...

—— E Save Simulation

g%]&% > Run Simulation

g%g% E Save Project, Simulation and Run

g %%% 3 | Read Solution

g %ﬁ% [#"  Properties...

0 05:50:00 —
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An example of a model check error is presented below. The error was generated by forgetting to
connect the model mesh to the simulation.

Problems

STOP! Simulation requires an unstructured mesh.

Warning: Output units inconsistent with grid units.

Description

An unstructured mesh is required for this simulation.

Fix

Add an unstructured mesh to the simulation.

2. The model is now ready to save and run. Right click on the simulation and select Save Project,

Simulation and Run.
2= B Simulation Data el
& 2 SRH-2D Simulations L

SE %[} QC_US40_NorthForkEmbarrasRiver Exishi ; -
-[1,% QC_US40_NorthForkEmbarrasf ~ Rename 3
[ QC_US40_NorthFork Embaras River_ Duplicate
17 QC_US40_NorthFork EmbamasRiver_ X
- [E1# QC_US40_NorthFork Embarrask

Delete
Simulation Run Queue...

Medel Control...

Generate Snap Preview

Tools ¥
Floodway Teols >
=  Model Check..

me seps E Save Simulation

005:10:00

0 05:15:00 p»  Run Simulation

0 05:20:00

0 05:25-00 |E Save Project, Simulation and Run

g%%% [*F  Read Solution

0 05:40:00

0 05:45:00 [ | Properties...

005:50:00 T

Note: This will save the SMS project file, the simulation file, and run the model. Alternatively,
the modeler can select save simulation and run simulation individually. If any edits are applied
to the model control, the simulation must be saved for the edits to take effect when running
the model.
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Monitoring the Output

1.

Running the model will activate the simulation run queue. The simulation run queue provides

live results as solutions are completed. Results are updated at every output frequency specified
in the model control. Note: If the modeler closes the simulation run queue the simulations will
continue to run in the background if the SMS model is open. To reopen the queue, right click on

SRH-2D Simulation and select Simulation Run Queue...
Click on PreSRH-2D. The simulation will first run PreSRH-2D. Pre-SRH reviews the model files

generated by saving the simulation for any potential errors. Errors will be documented in the
Command Line when PreSRH-2D is highlighted.

. Simulation Run Queue

. La)
Maximum number of concurrent processes allowed:

* 100-yr 12HR 105ec Load Solution

PreSRH-2D (finished)
> SRH-2D (finished)
> PostSRH-2D (finished)
* 100-yr 48HR. 105ec
PreSRH-2D (finished)
> SRH-2D (running)
> PostSRH-2D

Remowve

Manitoring data
Manitoring data for simulation: 100-yr 12HR. 105ec

Command line

: upstream or downstream of a CULVERT (non-Hy&) or BRIDGE
: upstream or downstream of an HY8 CULVERT Crossing
: upstream or downstream of a Pressure Zone (Up 1st; right-hand Rule)
: an Internal Boundary through which water can be into or out of domain
: one of a linked pair of internal boundaries {upstream or downstream)
BCDATA LABEL : An internal node string that may be used by other BC such as 1D weir
It should be followed by a LABEL (a text string)

== SPECIFY-BOUNDARY-TYPE-for-the-NodeString: 4
[Start and End Modal ID = 11713 89537]
{Hint: Nodal ID can be displayed in SMS to identify graphically which nodestring it is)

Select one of the following Types:

: subcritical inlet - known Q
» subcritical exit - known water elevation
: secondary exit - known Q
: subcritical exit - known normal depth
: supercritical exit or secondary subcritical exit
: supercritical inlet - known Q & water elevation
: no-slip boundary such as a river bank
: slip boundary
Spedial Nodestrings:
MONITOR. : a monitoring line inside the 20 mesh
WEIR : upstream or downstream of an in-stream WEIR

CATE sunetraam or downctrazom of a0 inoctraom TATE
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3. Click on SRH-2D. Once PreSRH is completed the model will begin SRH-2D computation. Selecting
SRH-2D brings up 6 tabs for reviewing live data including the Command line, Net Q Plot, Mass
Balance Plot, Wet Elements Plot, Monitor Point Plot, and Monitor Line Plot.

Maximum number of concurrent processes allowed:

* 100-yr 428HR. 105ec Abort Remowve ~
Pre5RH-2D (finished)
Bl SRH-2D (running) E
> PostSRH-2D | 0%
> 100-yr 48HR 55ec 14% Abort Remowve »

Manitoring data
Monitaring data for simulation: 100-yr 48HR 105ec

‘ Command line | NetQPlot | MassBalance Plot | WetElementsPlot | Monitor PointPlot | Monitor Line Plot |

4. Select the Command line tab. The command line provides basic information on the model run. If
the solution becomes unstable and fails the command line tab will provide a brief message on
why the simulation failed.

Command line | Met ) Plot I Mass Balance Plot | Wet Elements Plot | Moniter Point Plot | Monitor Line Plot |

= =

* SRH-2D Version 3.3.0 *

= Sedimentation-River-Hydraulics 20 Madel =

= with Mobile-Bed and Sediment Transport Module =
ES ES

= Technical Service Center, Bureau of Redamation *
* Developer: Yong G. Lai, Ph.D., ylai@usbr.gov *
= =

== SRH is running; do not dose the windaw until it is completed
Chedk _INF.dat or monitor point files for solution progress and convergence

== Qutput_MISC directory is new and created
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Select the Net Q Plot. The Net Q Plot should be reviewed to determine if the model is reaching
equilibrium. The Net Q compares (Outflow-Inflow)/Inflow. As the outflow approaches a solution
equal to inflow the graph will approach 0. The output line should be flat for multiple timesteps
before the modeler can determine that the solution is reaching equilibrium. The Net Q plot can
also assist the modeler in determining if the model is stable. If the solution varies drastically
from timestep to timestep or the solution oscillates between high and low values the modeler
should consider reducing the timestep in the model control or improving mesh quality.
Commandline | MetQPlot | MassBalance Plot | WetElementsPlot | Monitor Point Plot | Monitor Line Plot |

3-02—- Minor
o _ Instability ~Sa
:-Eu ] A '
g _ pproaching
=04 0
o .
=
= i
L -
é-u.s—
3 _
U |
e
C::} _
Z-0.8

.1_

r— 71~ 1 "~ 1 " 1 * "~ T T 1T T T ]
0 5 10 15 20 25 30
Time(hours)
W Net_Q/INLET_Q
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Select the mass balance plot. The mass balance plot is primarily used to determine if the model
is unstable. If the solution varies drastically from timestep to timestep or the solution oscillates
between high and low values the modeler should consider reducing the timestep in the model

control or improving mesh quality.

0.6

Error
(=]
La

e
a

[
[y

]

| Command line | Met Q Plot | Mass Balance Plot | Wet Elements Plot | Manitor Point Plot I Monitor Line Plot |

Unstable

15 20
Time(hours)

M Mass_Error Cumu_Mass_Error
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Click the Wet Elements Plot. The wet elements plot displays how many of the model elements
are in contact with water. The wet elements plots can also be used to help determine a model’s
stability and proximity to equilibrium. If the number of wet elements does not change over
several timesteps it can be inferred that the solution is reaching equilibrium. Similar to the
previous plots if the solution varies drastically from timestep to timestep or the solution
oscillates between high and low values the modeler should consider reducing the timestep in
the model control or improving mesh quality.

| Command line | Net Q Plot | Mass Balance Flot | Wet Elements Plot | Monitor Point Plot | Monitor Line Flot |
110,000

100,000

90,000

80,000

70,000

60,000

Number of Wet Elements

50,000

40.000

e
0 10 20 30 40 50

Time(hours)
W Wet_Elements
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8. Click on the Monitor Point Plot. The monitor point plot provides water surface elevation at the
monitor point locations in the model domain. The monitor point plot can be used to review
equilibrium and model stability. If water surface elevations at each monitor point do not change
over several timesteps it can be inferred that the solution is reaching equilibrium. Similar to the
previous plots if the solution varies drastically from timestep to timestep or the solution
oscillates between high and low values the modeler should consider reducing the timestep in
the model control or improving mesh quality.

| Command line | Met Q Plot | Mass Balance Plot | Wet Elements Plot | Monitor Point Plot | Manitor Line Plot |
B Pt11WSE 380 7

W P12 WSE

u
=]
[==)

W Pt13 WSE

M Pt14 WSE

[4)]
=l
=3

Pt15 WSE

u
I

u
. |
[3%)

Equilibrium
Reached

Elevation
un
3

)]
=]
=]

)]
=]
=]

ul
=]
I
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Time(hours)

9. Click on the Monitor Line tab. The monitor line tab reports discharges at each monitor line
placed in the model domain. The monitor line output can be used similar to the monitor point
plot for reviewing equilibrium and stability.
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Completed or Unstable Solution

1. Once a solution is complete select load solution to load the output into SMS.

* 100-yr 12HR 105ec
PreSRH-20 (finished)
SRH-2D (finished)
PostiRH-20 (finished)

Load Solution Rermnove

2. If the solution appears unstable the user may select Abort while the simulation is running to
cancel the simulation and restart with modified model controls. After selecting Abort the
progress bar will highlight red and the option to remove the solution will become available.
Make sure to Remove the solution. If remove is not selected the modeler will not be able to
save the simulation once the model control is modified.

~  100-yr 48HR 55ec
PreSRH-20 (finished)
SRH-20 (aborted)
PostSRH-20 (aborted)

Abort Remowe

3. If the simulation does not appear to have reached equilibrium the user can modify the model
control to lengthen the simulation and rerun.

Note: Running a Simulation without changing either the Simulation Name or Case Name will overwrite

the previous solution.

Adding Simulation Plots to the Quick Check Report

1. Ascreen capture of the Net Q, Mass Balance, Wet Elements, Monitor Points, and Monitor Lines
Plots should be included in the Quick Check Report. To access the plots after the simulation has
been run, right click on the simulation and select Tools = View Simulation Plots.

|_='JI Il_m wigsn udid
.D @ QC_I55_DesPlainesRiver_M

= Dl_:a Scatter Data ;!
»

m

E DH QC_I55_DesPlainesRiver_el

;| elevation

=

= @ Map Data

@D Lﬁ GIS Data E
5

ED @ Simulation Data
EDLE SRH-2D Simulations @
D._O QC_I55_DesPlainesRiver_thm

Tools

Floodway Tools

Model Check..

Save Simulation

Run Simulation

Save Project, Simulation and Run

Read Solution

Properties...

Advanced Simulation (Beta)...
View Simulation Plots
Statistical Analysis (Beta)
Summary Report (Beta)...
Datasets To Rasters...
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A window will pop up showing the various SRH-2D Solution Plots. Click on each type of plot

shown in the top left corner of the window, one at a time, and create a separate screen capture
for each plot to include in the report.

@ SRH-2D Solution Plats

Plots:

Net_Q/INLET Q
Net_Q/INLET_Q
Mass Balance 0.04 — 10-year_12HR_Ssec - Net_Q/INLET_Q
Wet Elements
Monitor Points WSE
Monitor Points Z
Monitor Lines 0.2 |
Show legend 0.4 9

I:‘ Specify time range ]

a
Minimum time: =

&
0.0
Maximum time: —0-67
11.944

—0.84
~1.04
T T T T T T
0 2 6 8 10 12
Time (hrs)
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APPENDIX G — DOCUMENTATION

Sample completed Quick Check Report

Sample plot of flow direction and magnitude versus water surface elevation
Sample plot of flow direction and magnitude versus depth

SRH-2D Solution Plots

PwNPRE
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Date: 6/25/2021
County: Clark
Route: LS 40
Watercourse: North Branch Embarras River
ESN: 012-001% Structure Type: [ Bridge [ Culvert
Drainage Area: 88.2 Sq. Mi, {36,448 acres)
Hyvdrolooy Method {check all that appl
CFIS  EStreamStats  CHEC-HMS  COTR-200 CJRational Method  CJOther:
Discharges!’ Flows
Y 2 5 140 25 50 100 200 SO0
Analyzed O O | O (] & & <] O
BCID: 3320 5,960 7910 PRS00 | 12,600 | 14,600 | 16,825 | 19500
BC ID:
BC ID:
BC ID:
Spurce of Topography/ Surface Data (check all that applv):
HsMs  LLIDAR  LBathymetry  [Cross Sections  [Text File [JLandXML
hesh Generator Coverage:
Mesh Mame: Mesh Generator Mesh
Mesh Type: HPaving CPatching
Wertices Spacing: Max: 50 fi.: Min: 50 ft.
Mesh Density (Elements/ Acre): 37,321 7923 = 40,43
MMonitor Lines & Points Coverage:
Mumber of Monitor Lines: & Number of Monitor Points: ()
Matenals Coverape:
Manning's *n™ Value used: (.06
Boundary Conditions Coverage:
Mumber of BC Ares: 2
BCID: 1 Type:  Hlinlet-0 CJExit-H Location: N
BCID: 2 Type:  Olnlet-Q HExit-H Location: S
BC ID: Type:  Ulnlet-Q) CJExit-H Location:
BC 1D Type:  Ulinlet-0) ClExit-H Location:
BC 1D: Type:  Tlnlet-0 CIExit-H Location:
Exit-H Channel Calculator Normal Depth Slope ([UVft): 0.0005  Source: EDEM  [CIFIS Profile

Model Control:
Time Step (sec.): |

Simulations Length (hrs.): 6

Output Method: ESpecified Frequency OSpecified Times CSimulation End D Unsteady Output

Model Convergen
Time of Convergence at (hrs.): 4

Results:

HRoadway Overlopping occurs between the >500Y &
Ghere Ratio (Mesh Density/ Time of Convergence): 4043 /4= 10

v

Motes:
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US-40 Over the North Branch Embarras River SMS Quick Check Model
500-Year Storm - Velocity/Elevation Results
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US-40 Over the North Branch Embarras River SMS Quick Check Model
500-Year Storm - Velocity/Depth Results
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@ SRH-2D Solution Plots

Plots:

Net_Q/INLET_Q
Mass Balance

Wet Elements
Monitor Points WSE
Monitor Points Z
Monitor Lines

Net_Q/INLET_Q

0.0 — 500-year_12HR_10sec - Net_Q/INLET_Q

—0.2

Show legend

[] specify time range
Minimum time:

0.0

Maximum time:
11.944

~0.4 A

Percent

—0.6

—0.8

—1.0

0 2 4 ili
Time (hrs)

10

12

Help

@ SRH-2D Solution Plots

Plots:

Net_Q/INLET_Q
Mass Balance

Wet Elements
Monitor Points WSE
Monitor Points Z
Monitor Lines

Show legend

I:‘ Specify time range
Minimum time:

0.0

Maximum time:

11.944

Mass Balance

0.5 4

0.4 1

0.3 9

Error

0.2 4

0.19

0.0

—— 500-year_12HR_10sec - Mass_Error
—— 500-year_12HR_10sec - Cumu_Mass_Error

0 2 4 6
Time (hrs)

10

Help
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@ SRH-2D Solution Plots

Plots:
Wet Elements
Net_Q/INLET_Q
Mass Balance
Wet Elements 8000 4
Monitor Points WSE
Monitor Points Z
Monitor Lines
7000 +
2
c
o
Show legend E
w 6000 4
[] specify time range o
Minimum time: E
prul
=]
0.0 s
@
) o
Maximum time: £ 5000 4
3
11.944 =
4000 +
3000 4 —— 500-year_12HR_10sec - No_Wet_Cell
T T T T T
2 4 6 8 10 12
Time (hrs)
@ SRH-2D Solution Plots
Plots: B R .
Monitor Line Water Surface Elevation (WSE)
Net_Q/INLET_Q
Mass Balance 20000 -
Wet Elements
Monitor Points WSE
Moanitor Points Z 17500 1
Monitor Lines
15000 +
— 12500 1 —— 500-year_12HR_10sec - Q(ft3/s) - LN1
ow _5‘95‘" —— 500-year_12HR_l0sec - Q(ft3/s) - LN2
[] Specify time range ;u% 10000 4 —— 500-year_12HR_l10sec - Q(ft3/s) - LN3
Minimum time: £ —— 500-year_12HR_10sec - Q(ft3/s) - LN4
0.0 o —— 500-year_12HR_l0sec - Q(ft3/s) - LN5
Maximum time: 7500 4 —— 500-year_12HR_10sec - Q(ft3/s) - LNE
11.944
5000
2500
04

6
Time (hrs)

10 12
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APPENDIX H — SUMMARY OF SMS & SRH-2D TUTORIALS & GUIDES

Introduction

The resources available to the 2D modeling community have grown just as quickly as the interest in
2D hydraulic modeling. Technical reports, manuals, training videos, webinars, tutorials,
informational webpages, blogs, and forums are all available to new and experienced users. The main
provider of much of this content is the SMS software developer, Aquaveo. Aquaveo has its roots in
engineering and computer software research and is development partners with the U.S. Department
of Transportation’s Federal Highway Administration (FHWA) for SRH-2D. But there are also other
providers such as the U.S. Bureau of Reclamation (USBR) and IDOT.

As part of the Quick Check Guidebook, a list of websites and technical resources has been compiled
which is intended to serve as a resource for users. This list is not intended to be comprehensive.
However, most of these sites and resources are updated on a recurring basis and should serve as a
technical resource for users as they become more and more familiar with SMS and SRH-2D.

1. U.S. Bureau of Reclamation (USBR) —

H 1 — BUREAU OF —
Technical Service Center RECT AMATION prp——"
The USBR developed and maintains SRH-2D in [searn Q]
Co||ab0ration Wlth the Federa| H|ghway Water & Power  Resources & Research About Us Recreation & Public Use  News & Multimedia
Administration and the Water Resources = < % g

ical‘Service Center

Agency in Taiwan. The USBR website
provides access to the SRH-2D software and
technical papers funded by USBR.

a. Computer Software — Sedimentation and
River Hydraulics Group Numerical Models
The latest version of the SRH-2D software
can be found on the USBR Technical
Service Center SRH-2D page at: BT el e e i K e, b e e et

Traing

SRH-2D
About SRH-2D

SRH-2D, Sedimentation and River Hydraulics — Two-Dimension. s a two-dimensional (2D) flow hydraulic and mobile-bed
sediment transpart model for river systems. It has been developed al the U S Bureau of Reclamation, in collaboration wiih two
other agencies (Faderal Highway Administration in the U.S. and Water Resources Agency in Taiwan). Different versions of
SRH-2D were released, as listed below:

+ SRH-2D version 2 - Modeling of flow hydraulics for river systems
~ SRH-2D version 3 - Mobile-bed sediment transport module added to v2
The latast SRH-2D version 3 solves the 2D dynamic wava equations, 0., the depth-averaged St. Vanant oquations. It also

contains the mobile-bed sediment transport moduie. Its modeling capabilty is comparable to some existing 2D models, but
SRH-2D claims a few salient features. First, SRH-2D uses a flexible mesh that may contain arbitrarily shaped oels. In practice,

SRH-2D adopls very robust and steble numencel schemes with a seamiess welling-drying algonthm. The oulcome is that the
model is very stable and few tuning parameters are needed o obtain a final solution

https://www.usbr.gov/tsc/techreferences/computer%20software/models/srh2d/index.html

New releases of SRH-2D are coordinated with the FHWA and the developers of Aquaveo SMS.
The SRH-2D software comes pre-downloaded with Aquaveo SMS, and users are not typically
required to download SRH-2D directly from the USBR web page.

b. Manuals
The USBR SRH-2D page includes links to both the SRH-2D Version 2 and 3 Model User’s Manual.
The Version 2 User’s Manual highlights theories and processes for the SRH-2D surface water
component. The Version 3 User’s Manual focuses on SRH-2D’s sediment transport and scour
capabilities.

72
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Downloads

SRH-2D Version 3

+ SRH-2D Version 3.3.1 Distribution Package (September 2020) (ZIP 19.4 MB)
+ SRH-2D Sediment Transport Modeling User's Manual — Version 3.3 (June 2020) (PFDF 5.5 MB)

SRH-2D Version 2

SRH-2D Version 2.2 Distribution Package (February 2016) (ZIP 66 MB)
"What's New With SRH-2D Version 2.2?" (August 2012) (DOC 16 KB)
SRH-2D Version 2 Theory and User's Manual (November 2008) (PDF 2.4 MB)
SRH-2D Version 2 Distribution Package (2009 [November 2008]) (ZIF 3.5 MB)

Papers/Presentations:

o Lai, Yong G. 2009. Two-Dimensional Depth-Averaged Flow Modeling with an Unstructured Hybrid \Mesh.
Paper/Presentation. (PDF 424 KB)
o Lai, Yong G. 2007. 2D Flow Modeling With SRH-2D. MS PowerPoint Training Presentation (PDF 9.9 MB)

— BUREAU OF —
RECLAMATION

Managing Water in the West

SRH-2D User’'s Manual: Sediment

Transport and Mobile-Bed SRH-2D version 2: Theory and User’s
Modeling Manual

Sedimentation and River Hydraulics - Two-Dimensional
River Flow Modeling

c. Technical Reports
The USBR SRH-2D page also includes links to technical papers provided by Dr. Yong Lai.

Downloads

SRH-2D Version 3

+ SRH-2D Version 3.3.1 Distribution Package (September 2020) (ZIP 19.4 MB)
s SRH-2D Sediment Transport Modeling User's Manual — Version 3.3 (June 2020) (FDF 5.5 MB)

SRH-2D Version 2

SRH-2D Version 2.2 Distribution Package (February 2016) (ZIP 66 MB)
"What's New With SRH-2D Version 2.27" (August 2012) (DOC 16 KB)
SRH-2D Version 2 Theory and User's Manual (November 2008) (PDF 2.4 MB)
SRH-2D Version 2 Distribution Package (2009 [November 2008]) (ZIP 2.5 MB)
Papers/Presentations:

o Lai, Yong G. 2009. Two-Dimensional Depth-Averaged Flow Modeling with an Unstructured Hybrid Mesh.
Paper/Presentation. (PDF 424 KB)
o Lai, Yong G. 2007. 2D Flow Modeling With SRH-2D. MS PowerPoint Training Presentation (PDF 9.9 MB)

73




SMS Learning Center

2. Aquaveo SMS Learning Center
The SMS Learning Center website provides a
comprehensive list of links to training
courses, a user’s blog, a forum including a
page for DOT employees to ask questions, a
link to the SMS Wiki online manual, tutorials,
and videos. The main learning center page
can be accessed at:

Welcome to XMS Wiki
O P o GUS, . WAL, ier Ao prochats

https://www.aquaveo.com/software/sms-
learning

a. SMS w/SRH-2D download Downloads
The most recent version of SMS can be
downloaded at | "cus BTy wws (wise. |
https://www.aquaveo.com/downloads/sms.
The download includes the SRH-2D program
files and support files needed to run SRH-2D
including the most up to date version of HY-
8.

@ Surface-water Modeling System (SMS) Software

|

View all Available SMS Downloads

Terms of Service Agreement
End User License Agreement

Users can download past versions of SMS or Senera) -

Beta versions of future releases by clicking on =

“View all available SMS Downloads” or by

following the link ]

https://aquaveo.com/downloads-sms -
P
=
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https://aquaveo.com/downloads-sms

SMS Downloads

SMS Current Release

Software Title

SMS 13.1.15 (64-bit) | Release Notes
SMS Tutorials

SMS Beta Release

Software Title

There is currently no SMS Beta release.

Older SMS Versions

SMS 13.0.14 (64-bit)
SMS 12.3.5 (64-bit)

SMS 12.2.14 (32-bit)
SMS 12.2.14 (64-bit)
SMS 12.1.11 (32-bit)
SMS 12.1.11 (64-bit)
SMS 11.2.16 (32-bit)
SMS 11.2.16 (64-bit)

11Nov21
07Dec21

24Jun20
05Dec18
08May18
08May18
14Mart7
14Mart7
03Mar16
03Mar16

o

634MB
3.7GB

T
5]
4

N

5]

455MB
402MB
303MB
350MB
273MB
325MB
305MB
344MB

b. SMS Videos

SMS Videos are divided into two primary categories including General and Riverine Modeling.
Videos can be accessed from https://www.aquaveo.com/software/sms-learning-videos

i. General SMS

The General SMS videos cover topics such as visualizing data, creating flow traces, and

creating profiles.

ii. Riverine Modeling
The Riverine Modeling videos
provide summaries of developing
models for SRH-2D including
modeling culverts and bridges,
developing boundary conditions,
creating materials coverages, and
visualizing results.

75

Riverine Modeling
Vesoo

Modefing Culverts with SRH.20
Selecting SRH.20 Model Parameters

Modeting Bridges in SRH.20

SRI-20 Depth Dependent

SRH20 Visualizaton for Presentation o
Rosalts

SMS: Adding HY-8 Culverts to an SRH-2D
Mode!

SMS: AdH Intertace Introduction



https://www.aquaveo.com/software/sms-learning-videos

SMS Tutorials

Aqguaveo provides detailed step by step tutorials covering both use of the SMS interface and
modeling with SRH-2D. The tutorials can be accessed from https://aquaveo.com/software/sms-
learning-tutorials.

Each tutorial includes a pdf
with the detailed steps and a
.zip file with the necessary
model files to complete the
tutorials. The tutorials are
divided into a General and SMS General Tutorials SMS Model Tutorials

Model Category.

i. SMS General Tutorials

Oueniew = a8 = Onine Data

General tutorials focus of the use o cemen =i =
of the SMS user interface such as e R e B0 smeems R
using the dataset toolbox,
computing bridge scour, i = e = R
delineating floodways, mesh S——— E— T —
editing and generation, observation | s s BQ i B B

coverages, LiDAR, and working with
Scatter datasets.

i

=
=

Vavelength Based Mesh
= =
=

B @) g) @) §

Desneation - Unit @

0§

ii. SMS Model Tutorials (SRH-2D)
Model tutorials focus on the
available hydraulic computation
packages compatible with SMS
including SRH-2D and HEC-RAS.
SRH-2D tutorials are labeled
accordingly and guide the user
through creating an SRH-2D model
and cover adding more advanced
boundary conditions such as HY-8
culverts, gates, and bridge
pressure flow.

00 B @) @) g @
g @) ) @) ) @
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d. Training Courses
Available Aguaveo training courses
can be found at
https://aquaveo.com/training-
courses. Aquaveo training courses
cover a variety of compatible
hydraulic software’s and should be

Training Course attendees: receive 25% off your next software purchase up 1o $5001

reviewed carefully to determine if R
. 05Apr - 08ApI22 GIS-Based Modeling and Data Management Using Arc
they cover SRH-2D. SRH-2D specific fiks G
courses are frequently provided by GMS Training Courses
Dates Course Title
NHI and are discussed further in OBar - Tiharz2 Groundwate Flow & Transpor odaing wih GMS

Section 5.

SMS Training Courses

[ Course Title
15Mar - 18Mar22 2D Hydraulic Flow with SMS
22Mar - 25Mar22 Coastal Circulation and Wave Modsling with SMS

Location
Provo, Uteh

Location
Provo, Utah

Location
Provo, Utah
Provo. Utah

e. SMS Forum

The SMS user’s forum provides a location for modelers to collaborate and discuss the SMS

platform and hydraulic modeling software. The forum can be accessed from
https://forum.aquaveo.com/.

GMS, SMS, and WMS User Forum Existing usar? SignIn = m

Browse Activity Leaderboard

Forums

General

Arc Hydro Groundwater
GMS

SMs

Using SMS 1.8k

Can't \n(crpsla(c Rasterto.
Pre and post processing with SMS posts 12

By HydrAulick, Decem

Wave Modeling 335 EDu -2d run without stabil...

BOUSS2D, CGWAVE, STWAVE and CMS-Wave (WABED) posts bushet, April 2¢

SMS\SC JEE”T‘EH‘T[E"S
Alexandre, 18

Other Models 50
GENESIS, CASCADE, FTM, FATE posls

Hydraulic Models 745 SRH-2D Sediment Transpor.
TABS-RMA2/RMA4, FESWMS, TUFLOW, CMS-Flow, ADCIRC posts By WIALLEN, April 8
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Wiki — SMS: SRH-2D

Aqguaveo’s XMS wiki page provides the
most comprehensive source for the SMS
User’s Manual, Summary of Bug Fixes, and
What’s New and Version Histories. The
SMS page can be accessed from
https://www.xmswiki.com/wiki/SMS:SMS.

i. SMS User’s Manual

SMS:SMS
@ SMS (Surface-water Modeling System)

Introduction to SMS

= What Is SMS

= Commands

‘What's New

in SMS

31

The SMS User’s Manual can be accessed from
https://www.xmswiki.com/wiki/SMS:SMS User Manual 13.0.

This link is specific to the User Manual 13.0

available at the date of guidebook

development. New and old versions of the
manual can be found by using the search engine

for “SMS User Manual”.
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sms

SMS:SMS User Manual 13.0

view source | | history

=

AQUAVéO' SMS User Manual (v13.0)

The Surface-water Modeling System

xms projects
= XMS 1. Introduction
= GMS What is SMS?
* SMS Tutorials
= WMS Highlights
= AHGW What' 0
What's New in SMS 13.0
= CityWater
1.1. Support
search
Support

Search Wiki | System Requirements
Go | | Search

Downloads
e License Agreement
» Aquaveo Introduction to Setting up SMS

= Downloads Registering SMS

= Licensing Community Version
= Training Hardware Locks
= Consulting

Graphics Card Troubleshaoting
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ii. Workflows

Step by Step workflows for SMS and SRH-2D can be found at
https://www.xmswiki.com/wiki/SMS:Workflows Overview

SMS:Workflows Overview

Below is a list of Workflows for SMS tasks and projects. Each workflow gives basic

needed.

General Workflows
3D Bridge
Annotations
Animation
Breaklines
Bridge Scour
CAD Data
Cartesian Grid Creation
Compute Volumes
Cross Sections
Data Visualization
Digitize
Display Options
Element Patch Workflow

Export Data

Wiki SMS:SRH-2D

SRH-2D Workflows
SRH-2D Project
SRH-2D Boundary Conditions
SRH-2D Culvert
SRH-2D Gate
SRH-2D Monitor Points
SRH-2D Obstructions
SRH-2D Pressure Flow Bridge
SRH-2D Post-Processing
SRH-2D Sediment Transport
SRH-2D Simulation
SRH-2D Summary Reports

L3

Summary Table
SRH-2D Weir
SRH-2D Advanced Simulation Tools

The SRH-2D specific page can be accessed from

https://www.xmswiki.com/wiki/SMS:SRH-2D. The SRH-2D home page gives a general

overview of SRH-2D and includes additional links for Papers and Presentations.
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3. FHWA's 2D Hydraulic Modeling User's Forum
a. Bi-monthly technical presentations

The 2D Hydraulics Modeling User’s Forum is sponsored by FHWA Every Day Counts. Bi-monthly
presentations cover recent updates to SMS, SRH-2D, and summarize topics requested by the
modeling community. A calendar invite and registration for the upcoming Bi-Monthly meeting
can be found at https://www.fhwa.dot.gov/innovation/everydaycounts/2d-hydraulic-
forum.cfm. Users can sign up for email alerts regarding upcoming User’s Forum webinars at
https://public.govdelivery.com/accounts/USDOTFHWA/subscriber/new?topic id=USDOTFHWA

97.

U.S. Department of Transportation

Federal Highway Administration

Email Updates
To sign up for updates or to access your subscriber preferences, please enter your
contact information below.

Email Address  *

Submit | Cancel

i. Web Room
The Web Room for Bi-monthly technical presentations can be accessed at any time and
includes download links for past User’s Forum Webinars and additional 2D resources.
The web room can be accessed from
https://connectdot.connectsolutions.com/modelingusersforum/

R 090 T,
To receive invites to the web i ll;wlu CENTER or sumcs
meetings and get the latest 2D 2

subscribe to Initiatives: Every Day
Counts: Collaborative Hydraulics

87715015 Meetng Recording - SRH-2D Model Development

ing - Nesnaging dat:

Two-Dimensional Hydraulic Modeling w0.4znen
User’s Forum

s Forum Meeting pef

Resource Page

o Mestiog po

jsees Forum Mecting pet

22015-07:15 20 Modeling Users Forum Meeting pd
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b. Technical guidance and best practices
FHWA provides ongoing technical guidance to DOTs through its Every Day Counts (CHANGE)
program. The CHANGE webpage provides links to technical resources and FHWA modeling
personnel to promote the continued advancement and application of 2D hydraulic software.
The home page can be reached at:

https://www.fhwa.dot.gov/innovation/everydaycounts/edc 5/change2.cfm

Collaborative Hydraulics: Advancing to the Next
Generation of Engineering (CHANGE)

The home page provides an option for users to subscribe to email’s using the link pictured
below.

Resources
Factsheet
FHWA Hydraulic Engineering

Subscribe to CHANGE e-
News
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4. Other Reference Materials

a. Agquaveo provides SMS Technical Support Staff to answer questions. Representatives can be
reached through the online portal at https://www.aquaveo.com/technical-support

b. DOT/FHWA Licensing Instructions
The FHWA bridges and structure hydraulics software page provides links to guidance documents
supporting SRH-2D. The webpage also provides instruction for DOT staff to receive a no cost full
license of the SMS software. The webpage can be reached at
https://www.fhwa.dot.gov/engineering/hydraulics/software.cfm

Two-Dimensional Hydraulic Analysis Surface-Water Modeling System (SMS)* 2021 Scott Hogan

Companion Resources:

+ DOTIFHWA Licensing Instructions { pdf, 5 mb)

s SRH-20 Modeling Instructions and Guidance

» SRH-2D Tutorials (Basic Si ions, Bridge Pressure Flow, Culverts Weairs, Diversions stc.)
« HDS 7 Hydraulic Design of Safe Bridges

c. National Highway Institute (NHI)
NHI regularly provides training opportunities for 2D modeling including use of SMS and SRH-2D.
A schedule of available training courses can be found at https://www.nhi.fhwa.dot.gov/course-
search?tab=0

d. XMS Wiki Summary of Papers/Presentations/Project Reports
The Aquaveo XMS Wiki page provides access to technical papers and presentations with a focus
on SRH-2D. Links for real world modeling projects using SRH-2D are also included.
https://www.xmswiki.com/wiki/SMS:SRH-2D

Papers / Presentations
= SRH-2D Theory Paper A
= SRH-2D Training Presentation| A
= 2006 FISC Paper on Savage Rapids Dam Removal Project "Comparison of Numerical Hydraulic Models Applied To The Removal of Savage Rapids Dam Near Grants Pass, Oregon”| 4
= List of journal articles using SMS by Prof. Greg Pasternack, UC Davis&
= Lai. Y. G. (2020). A Two-Dimensional Depth-Averaged Sediment Transport Mobile-Bed Model with Polygonal Meshes. Water, 12(4), 1032. &

Project Reports
= Bountry JA and Lai, Y.G. (2006). "Numerical modeling of flow hydraulics in support of the Savage Rapids Dam removal " |
= Lai. ¥.G., Holburn, E.R., and Bauer, TR. {2006)."Analysis of sediment transport following removal of the Sandy River Delta Dam." |
= Lai, Y.G. and Bountry, J A_ (2008). "Numerical hydraulic modeling and assessment in support of Ewha Surface Diversion Project.”| 4
= Lai. Y.G. and Bountry, J A (2007). "Numerical modeling study of levee setback alternatives for lower Dungeness River, Washington" | 4
= Lai, Y.G. and Greimann, B.P. (2011). "SRH Model Applications and Progress Report on Bank Erosion and Turbidity Current Models" &

Additional References

= Launder, B. E., & Spalding, D. B. (1974). "The numerical computation of turbulent flows.” Computer Methods in Applied Mechanics and Engineenng, 3(2), 269-289. 4

= Seminara, G, Solari, L., & Parker, G. (2002). "Bed load at low Shields stress on arbitrarily sloping beds: Failure of the Bagnold hypothesis.” Water Resources Research, 38(11).00

= Greimann, B., Lai, Y., & Huang, J. (2008). "Two-dimensional total sediment load model equations.” Joumal of Hydraulic Engineering, 134(8), 1142-1146. &
= Phillips, B. C., & Sutherland, A J. (1989). "Spatial lag effects in bed load sediment transport.” Journal of Hydraulic Research, 27(1), 115-133
= Van Rijn, L. C. (1984). "Sediment transport, part |: Bed load transport.” Journal of Hydraulic Engineering, 110{10}), 1431-1456.| 4
» Van Rijn, L. C. (1984). "Sediment transport, part Il: Suspended load transpert.” Journal of Hydraulic Engineering, 110(10), 1613-1641. 4
In the News
= News article "Computer Modeling Smoothes a Dam Hard Job"&

= Photos related to Wired.com article "Computer Modeling Smoothes a Dam Hard Job"6#
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