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HEC-RAS Workshop
Using HEC-EFM Data for Water Surface Profile Calculations

Objective

In this workshop, you will use hydraulic models and GIS tools to investigate spatial
aspects of ecosystem changes created by different flow regimes.

This workshop has three parts: 1) using HEC-RAS to simulate water surface profiles
for flows (statistical results) generated by HEC-EFM, 2) using HEC-RAS to translate
those water surface profiles into inundation maps and depth grids, and 3) using
ArcMap to analyze those depth grids from an ecological perspective.

This workshop is designed to introduce the HEC-RAS software tools, show how they
can be used for ecosystem analyses, and perform spatial investigations of ecosystem
change.

Background

You will be working with a hydraulic model of the Rolling River to analyze statistical
results from yesterday’s HEC-EFM workshop. This workshop will focus on results for
Natural and Gaged flow regimes for the Splittail Spawning and Shoals Spider Lily
relationships.

Hatural Gaged
Relationship Conf. Stage, ft Flow, cfs Chg. Stage, ft Flow, cfs
|5p|ittai| Spawning n/a 10.5 12,105 Pos 14.4 17,025
Shad and Striped Bass Habitat n/a 3.2 5,063 Pos 4,2 5,878
Benthic Biodiversity n/a 24.0 62,935  [eg 20.9 32,050
|Shna|s Spider Lily n/a 0.0 1,964 Pos 1.9 4,100
Water Exchange n/a 4.7 6,263 Pos 6.2 7,620

These results will be input and simulated with HEC-RAS to compute steady-state

water surface profiles. Then, HEC-RAS will be used to translate the water surface
profile data to inundation maps (depth grids). Finally, you will analyze the depth

grids to investigate ecosystem changes.

This workshop is comprised of many tasks. Work quickly, but thoughtfully, and
be sure to read each part carefully. When you have questions, don’t hesitate to
ask!
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1 Part 1: Entering and Simulating Statistical Results in HEC-RAS

In this part of the workshop, you will simulate HEC-EFM statistical results using HEC-

RAS to perform steady-flow simulations.

1.1 Getting Started

The first step is to input the statistical results from HEC-EFM into the river hydraulics
model. A calibrated HEC-RAS model called “RollRiverHydraulics.prj” is provided at

“C:\..\EFM Workshop\HEC-RAS Model\".
1. Open HEC-RAS.

2. Open the HEC-RAS project using the File | Open Project menu option.

Browse to RollRiverHydraulics.prj and click OK.

Open Project

Title File Name Selected Folder  Default Project Folder

Documents

Hydraulics. pri

C:\Workshops\EFM to RAS\EFM Workshop\HEC-RAS Model

ac:
= Warkshops
3 EFM to RAS
= EFM Waorkshop

&5 HEC-RAS Model

[:lTerrain

0K Cancel | Help | Create Folder ... | |Qc: [0s]

=]

L
iSelect project to Open

3. Open the Geometric Data Editor - X< .
Rolling River that your simulation is going to use.
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1.2

the shape, roughness, bank locations, and other data for each cross
section along the stream reach. Browse the different cross sections by
clicking the up and down arrow buttons on the editor interface.

= Cross Section Data - Existing topographic conditions N [E=NESE—
Exit Edit Options Plot Help X
River: |Roling River = o Plnt Options &B| I KkeepPrevXSPlots _ Clear Prev
Reach: [Mid 1 | River sta.:[244820.7 _qilﬂ ) RollingRiverHydraulics Plan:
Desaription | .
e
DelRow _| InsRow _| Downstream Reach Lengths P 051 —fe——— 066 ——]
[ios | chemel | ROB. | Legend
Cross Section Coordinates LOB Channel —
Station Elevation | | 1165.01 [194.74 [124.23 Ground
1fo 4319.51 Z Bank Sta
2[14.93 4313.64 [~ 108 | Channel | ROB
__3|23.49 4312.96 Jo.0ss Jo.051 o066 4310
4|27.42 4314.14
—S|57.63 4314.91 Main Channel Bank Stations
6|50.17 4312.38 Left Bank Right Bank =
7|52.08 4311.85 [163.76 [326.63 z
8|s8.05 4310.25 Cont\Exp CoeffiGent (Stead: 20 | 5 4300
9]64.81 4307.92 [ Contracton | Expansion H
10|72.8 4305.25 [o1 o3
11|79.1 4304.58
12|87.1 4303.55
13[95.24 4302.63 4290
1397.55 4302.31
15/98.85 4302.15
16] 105.36 4301.51
17| 110.64 4300.82 =
- 4280
IRz 220057 0 100 200 300 400 S00 600 700 800
Station (ft)
Edit Station Elevation Data (ft)

5. Exit the Cross section editor and Close the Geometric Data Editor.

You will not need to edit any geometry in this workshop.

Enter the Flow Data

Enter the statistical results from the previous HEC-EFM workshop...

N

11. Press the Reach Boundary Conditions button -

Open the Steady Flow Data editor by pressing the button.
Enter 4 for the number of profiles and press the Enter key.

Select the Options | Edit Profile Names menu item and enter “Lily Nat”,
“Lily Gaged”, “Splittail Nat”, and “Splittail Gaged” for the profile names.

Press OK to close the Profile Name window and apply.
. Enter the flow data based on your HEC-EFM statistical results as shown below.

5= Steady Flow Data - Flow - O X
File Options Help

Description : [ J 4 | |
Enter /Edit Number of Profiles (32000 max): ﬂ“— Reach Boundary Conditions ... |

Locations of Flow Data Changes
iver: |Roling River j Add Multiple... |
Reach: |Mid 1 _v | River Sta.:|244820.7 v| Add A Flow Change Location |

Profile Names and Flow Rates
River Reach RS LilyNat _|Liy Gaged | Splittail Nat_| Splittail Gaged

Mid 1 1964 4100 12105 17025

Rolling River

Reach Boundan Conditions ..

Seston
4. Open the Cross section editor - L‘-—f". The cross section editor shows
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1.3

12. Select the Downstream empty cell for Rolling River Mid1 and press the
Normal Depth button.

13. Enter a slope of 0.002 and press OK.
Steady Flow Boundary Conditions ‘

* Set boundary for all profiles " Set boundary for one profile at a time

Available External Boundary Condtion Types

Known W.S. | Critical Depth | Normal Depth | Rating Curve | Delete |

Selected Boundary Condition Locations and Types

River Reach Profile Upstream Downstream
Rolling River Mid 1 all Normal Depth S = 0.002

14. Press OK again to close the Boundary Conditions window.

15. Select the File | Save Flow Data menu item, enter a name for the flow
data (e.g., “Flows”) and close the editor.

Steady Flow Computations

16. Press the £ button to access the Steady Flow Analysis window.

17.Check to make sure that the geometry file and the steady flow file that
you just saved are in the proper dropdown menus.

18. Select the File | Save Plan menu item, enter a name for the plan and
then for the short identifier (e.g., "EFM” for both).

H Steady Flow Analysis — >

File Options Help
Plan: [EFm Shert ID; [=FM

Geometry File: |Exisﬁng topographic conditions ﬂ
Steady Flow File: |Flnws j

Flow Regime Plan Description
f* Subcritical

" Supercritical

" Mixed

Optional Programs

| Floodplain Mapping

Compute

Enter/Edit short identifier for plan {uzed in plan comparizons)

19. Press the Compute button.
20. Close the status and Steady Flow Analysis windows after compute ends.
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1.3.1 Explore the HEC-RAS results

21.Press the i button to view results by cross section.

Browse through different cross sections by clicking the up and down arrow
buttons on the editor interface.

22.Browse the water surface profiles (ie, HEC-RAS results for different flow

regime - relationships pairings) by clicking on the play leutton on the
editor interface.

= Cross Section - O X

File Type Options Help

River: ML ALN] + _Reload Data |
Reach: [Mid 1 | River sta.: [244820.7 ~| 4 1
RollingRiverHydraulics  Plan: EFM  2/17/2022 E
066 % 051 'J| 066 .
43204 Togend
EG Spittail Gaged
—_—
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43101 —_————
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_osprariet
. WS Spittail Nat
5 — — — —
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23. Close the cross section viewer.
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24. Select the View | X-Y-Z Perspective Plots menu item to view results in
a 3D multiple cross section plot. Change cross section and relationship
with the up and down arrow buttons and the play button. Change rotation
and Azimuth angle with the scroll bars on the upper right side of interface.

View  X-Y-Z Perspective Plots (Classic) ... %

E’ X-Y-Z Perspective Plot - O x
Eile Options
Upstream RS: 244820.7 'I ﬂﬂﬂﬂﬂ 4 ] ;] Reload Data
Downstream RS: m Rotation Angle 5 m
Azimuth Angle 34 -
RollingRiverHydraulics Plan: EFM  2/17/2022 J
Legend
" Ground
Ban; Sta
Levee

25. Close the cross section viewer.

1.4 Review Model Results

Ordinarily, you would not be done at this time. You would need to more carefully
review output at each cross section, check the profile plot, etc. When dealing with
GIS data, you also need to check your Bounding Polygons! This is extremely
important for processing water surface profiles for inundation mapping. In this
example, checking them is not too important because the geographic data has
already been entered and tested.

2 Part 2: Floodplain Mapping using HEC-RAS Results

In this part of the workshop, you will use HEC-RAS Mapper to translate the HEC-RAS
results to inundation mapping and depth grids for use in ArcGIS.
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25

Getting Started

26. Select the GIS Tools | RAS Mapper menu option from the main RAS
interface. The RAS Mapper interface is invoked with the RAS Geometry
loaded. (Make sure to turn on the Existing geometry layers.)

RAS Mapper

File  Project Tools Help

b @R x

€2 EHG W@ vl e -

[ Features

- [¥] Geometiies

E)- [ Existing topographic conditiors
[#- [] Rivers

[ ] Cross Sections

€
e
e

o i

- [] Event Conditions
=[] Results

B [JEFM

B[] Event Conditions
- [] Geametry

- [] Depth [Lily Nat) AT,
- [ elocity [Lily Nat]
[]WSE [Lily Nat)
[]MapLayers

[ Temains

Messages| Views | Proile Lines | Active Featues | « [ »

(2350795.29, 14872711.49 1 pixel = 1423 ft)

Features

o00f L 000000 |

27.Set the projection for the RAS project via the Project | Set Projection...

menu item. Select "UTM_11N_ft.prj” and click Open and then OK.
Project Seftings Coordinate Reference System
Projection
Projection File:|
General
Disfinition:
Browse for the coordinate reference system file for this project *
T <« EFM .. » HEC-RAS.. » v v Search HEC-RAS Model
Organize = MNew folder =~ M @
" Mame Date modified Type
7 Quick access
Terrain 3/ 1817 PM File folder
[ Desktop K . i ]
|| RolRiverHydraulics.prj 3/ 18:34 PM PRI File
¥ Downloads [ UTM_T1N_f.prj 3/31/2014 433 PM PRI File
|=| Documents
| Pictures v £ >
FiIename:|UTM_11N_f't.prj v| Coordinate Reference Systems

28. Right-click on the Terrains node. Select Create a New RAS Terrain.
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29.1In the New Terrain Layer dialog, press the Add Files button i‘ and select
the terrain grid (Terain.dtm.tif file) located in the Terrain directory.

Mew Terrain Layer

r—Input Terain Files (1 files)

. Projection | Cell Size
ﬂ rTerain.dlm.t'rf (Same as Project) |5

| Rounding | Info

— Output Terrain File

Rounding (Precision): |1,-’3\2 ;I ¥ Create Stitches I~ Merge Inputs to Single Raster
Vertical Conversion: [ Use Input File (Defaut) B2y
Filename: IC:\Workshops\EFM to RAS\EFM Workshop HEC-RAS Modelh\Termrain' Temrain hdf ﬁl

Create [xl Cancel |

F

30. Click the Create button.

31.Terrain data will be processed and added to RAS Mapper. Click Close to
dismiss the creation dialog.

32. Select the Tools | Create Multiple Maps menu option from the main
RAS Mapper interface.

File  Project | Tools | Help

{3 Options...
=0 Features - Create Calculated Layer...
o6

. @ [FExistini %+  Create Multiple Maps... ] |
" EventCon

33. Select All of the Profiles (use the Ctrl key for multiple select)

34. Select Inundation Boundary and Depth for the Map Types (use the Ctrl
key for multiple select)

35. Click the Add Maps to RAS Mapper option, shown below.

Create Multiple Stored Maps - O x
Plans Map Types
EFM
D V2
Energy (Depth)
Energy (Elevation)
¥ Compute Maps ¥ Add Maps to RAS Mapper oK
7

36. Press OK to generate the inundation maps.
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2.6

B RAS Mapper

Selected Layer: Depth

37.Press OK to dismiss the completion dialog.

File Project Tools Help

B MEM

iy Nat) @
Inundation Boundary (Lily Gaged Value_0) i@
Depth (Lily Gaged) @
Inundation Boundary
Depth (Splittail Nat)
Inundation Boundary (Splitail Gaged Value_0) @
Depth (Splitail Gaged) @

- o X
LT ERCETFE 1 ELY | 0] <
@ [[] Features. » "
£ ] Geometies Selected: 'Depth
- [¥] Existing topographic conditions
[] Event Conditions
= [V] Results

(Splitail Nat Value_0) &
a

Messages [ Views | Profie Lines| Active Features| Layer Values
(2242757.06, 1487480211 1 pixel =8.18 1)

L L

Examine Results

<& How do the depth grids look? Are there any areas where the inundation maps bump
against the edge of the tin or bounding polygon (i.e., the max extents of the XS)?
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3 Analysis of Floodplain Maps

In this part of the workshop, you will analyze the inundation maps generated in RAS
Mapper. (Must use HEC-RAS 6.2 to compute correct area! Workaround: If you are using a
previous version of HEC-RAS, create a new polygon, and digitize the boundary. Or, start
editing the polygon and choose the area based on the feature that has the most count/area for
the wet polygons.)

3.1 Shoals Spider Lily

This excerpt describes flow conditions needed for protection of the spider lily, which
is an endangered plant species in the Savannah Basin: “June and July flows need to
be held above 2,700 cfs to limit deer grazing on the spider lily (which are not known
to enter the shoals when river edges are wetted).” Let’s identify the total area of
spider lily protection under both Natural and Gaged flow regimes.

38. Use the flood “Inundation Boundary” polygons to fill in the table below by
double clicking on each of those layers and looking up its area.

Lily Habitat Area Table
2
Area (ft?) Acres Which is
Habitat Depth Gaged Natural Gaged Natural better?

Total Coverage

To convert area to acres divide by 43,560 square feet per acre.

<& Which flow regime is superior for the Shoals Spider Lily habitat?

<& Does this agree with the conclusion reached during the statistical analysis from
yesterday's workshop?

& Do you have any ideas on how this relationship might be refined/improved? Can you
think of other questions that might be asked regarding this analysis?
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3.2 Splittail Spawning

In the previous EFM relationships workshop, we learned Splittail spawn in shallow
vegetated floodplain areas. During a follow-up with local scientists, depths less than
or equal to 3.0 ft were proposed as ideal though there was a great deal of
uncertainty with this. Let’s check multiple depth ranges to investigate...

You'll need inundated areas for depths greater than 0 ft, 3 ft, and 7 ft for the natural
and gaged flow regimes (so 6 area values). Importantly, to get shallow habitat,
you’'ll need to subtract. For example, the area of depth 0 to 3 ft is equal to the “area
greater than 0 ft depth” minus the “area greater than 3 ft depth”. Might be helpful
to use a spreadsheet to track numbers.

Areas for depths greater than O ft are easy. Just double click on the Inundation
Boundary layers (as done for the spider lily).

Next, to compute areas for depths greater than 3 ft:

39. Right-click on the Plan (EFM) and choose Create a New Results Map Layer
= [v] Resulis
- [l EFM = .
i [] Event Conditior| o=: RAS Results Information
[] Geomeiry =
I:I Depth (Splittail @& Zoom to Layer

i~ [] Velocity (Spliti3 Remove Layer

- [] WSE (Splittail

|r1JLn"ét\ili ;I:-u X4 Remove Layer and Delete Source Files

Depth (Lily Nat Move Layer » =

|:| Inundation Bou
i [] Depth (Lily Gag
E In-..n::anor} Bou Show Compute Messages ...
[[] Depth (Splittail | =
[] Inundation Bou ‘ RS
[[] Depth (Splittzil 'q Create a New Calculated Layer...

Open Folder in File Explorer

Create a New Results Map Layer... |

40. Choose Depth, Splittail Nat and Polygon Boundary at Value: 3.
41. Press Add Map

Results Map Parameters X
Map Type Steady Prafile M ap Output Mode
[=- Hydraulics Lity Mat Generated for Current View (in memory)
- Water Suface Blevation Ly Gage € Raster (with Associated Terrain)
 Velocty Spit Gage £ Point Feature Lay i
~Flow {1D Only) e £
- Inundation Boundary Stored (saved to disk’
g Depth " Raster based on Terrain Terain :‘
- Shear Stress
- Depth * Velacty " Point Feature Layer: g
- Depth * Velocity"2 (* Polygon Boundary at Value: 3
- Energy (Depth)
- Energy (Elevation)
- Stream Power WMap Type Layer Name
Map Type: A Map layer will be created for Flood Inundation Depths.
Mag Myapde: Poh'gpu:yBoundary Map is computed at specified v:\tue and stored to disk. Close

42.Repeat for Depth, Splittail Gaged, and Polygon at Value: 3.
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m Results Map Parameters X
Map Type Steady Profile Map Output Mode
Bl Hydraulics Lily Mat Generated for Current View {in memory)
- Water Surface Elevation Lily Gage " Raster (with Associated Terrain)
- Velocty Split Nat o
Fow (10 Oriy) ot Gag Point Feature Layer |
- Inundation Boundary Stored (saved to disk)
- (" Raster based on Terrain Terrain
Shear Stress
. Depth * Velocity " Point Feature Layer: [Ed]
- Depth * Velocty "2 {* Polygon Boundary at Value: |3|—
- Energy (Depth)
Energy (Elevation)
- Stream Power Map Type Layer Name
Map Type: A Map layer will be created for Flood Inundation Depths
Maﬁ MTde' Pnlygnnyﬁﬂundary Map is computed at specified v;\ﬂua and stored to disk: Close:

43. Repeat the process for depths greater than 7.0 ft.

44, Compute the maps (4 maps) by right-clicking on each map and choosing

Compute/Update Stored Map.

1

—

- Depth (Splittail Nat Valve_3
i W] Depth (Splittai/ Gaged VValus
; Depth (Splittail Nat Value_7)

g i Layer Properties

o Parameters

Ed ap

Depth (Splittail Gaged Valug

M Compute/Update Stored Map (Map not createq( |

lap Layers
emains ) View Map in 3D Viewer
ﬁTFI’I’ﬁiH

45. Double click on the newly generated Depth layers to obtain areas.

46. Do math and add results to table below and analyze data to answer
questions. (Again, Area_Depth_0-3 = Area_Depth 0 - Area_Depth_7)

Splittail Habitat Depth Table

Area (ft?) Acres Which is
Habitat Depth Gaged Natural Gaged Natural better?
Depth 0 to 1ft 250,000 750,000 5.8 17.2 | Natural
Depth 0 to 2ft 720,000 1,860,000 16.5 42.8 | Natural
Depth 0 to 3ft
Depth 0 to 4ft 2,730,000 3,480,000 62.7 79.8 | Natural
Depth O to 5ft 3,480,000 3,740,000 80.0 85.8 | Natural
Depth 0 to 6ft 3,940,000 3,940,000 90.4 90.5 | Natural
Depth 0 to 7ft

To convert area to acres, divide by 43,560 square feet per acre.

<& Which flow regime is superior for Splittail Spawning?

& Does this agree with the conclusion reached during the statistical analysis from

yesterday's workshop?

<& What information could you report back to the scientists regarding the uncertainty

for the ideal depth range?
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