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systems.

Learning Objectives

At the end of this class, you will be able to:

e Use the River and Flood Analysis Extension for Infrastructure Design Suite Ultimate
o |dentify floodplain and levee design

¢ Simulate storm events and visualize flooding conditions

e Model bridges for analysis
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Row, Row, Row your Boat!

There is a lot of ground to cover in this fast paced Lab. In this lab, we attempt to cover as many
of the possible workflows toward building and executing HEC-RAS models with the River &
Floodplain Analysis Extension using the Infrastructure Design Suite Ultimate.
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Exercise 1: Configure River Analysis for Cross-Sections
1. Launch AutoCAD Civil 3D.

2. Once AutoCAD Civil 3D launches, Open the Baxter River AU 2013.dwg from the Lab
directory: C:\DataSets\Thursday\CI2416-L Row Row Row your Boat AutoCAD Civil 3D
River and Flood Extension Workflows

Express Tools @MY= all Bridge Modeler

& =

Elood Results = Profile Views ~

3. Select the River ribbon tab. —

25 Section Results ~

L]

4. Inthe River tab > Input panel » Section Geometry drop-down, select Configure
Section Views
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5. In the Configure Section Views dialog, modify the settings to make well-formed cross
sections for this lesson as follows:

Station Scale 200
Station Tick Interval 100
Station Round off 100
Elevation Scale 20
Elevation Tick Interval 5
Elevation Round off 5
6. For proper cross-section layout pattern, enter the following settings:
Layout Point X 6406900.000
Layout Point Y 2071000.000
Grid Spacing X 50
Grid Spacing Y 50
Columns 20
7. Click the General Tab, and select modify the Map text Height to 100 units.
8. Click OK. Dismiss the No cross section grid alert.
9. Inthe River tab > Input panel » Create Section drop-down » select

A

[" \} Section Elevation Data Source

10. In the dialog box, use the Select all button adjacent to the Elevation Layers. Set the Status
to Ignore.

[

Elevation Layers

Selection Status

Layer Status -
0 lore | selectal | | veity |
Defpoints Ignore | Clearan | | use |
C-ANNO-TABL Ignore
C-ANNO-TABL-PATT Ignore | Pick < | | Ignore |
C-ANNO-TABL-TEXT Ignore
C-ANNO-TABL-TITL Ignore
C-ANNO-TABL-TTBL Ignore @) Straight polylines (faster)

C-PROP-BRNG Straight and arc polylines (slower)

~ Onnan TEVT

Polyline type

Elevation Surfaces

Selection Status

Surface Status

AlM_Easting_Ground Use | Selectil | | petiy |

| Clear All | | Use |

| Pick < | | Ignore |

11. Select the AIM_Existing_Ground Surface and set the Status to Use.
12. Click OK to complete
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Exercise 2 — Cutting Cross Sections

1. From the View tab, select Viewport Configuration drop-down and select Four: Left to place
three small viewports to the left of the main view.

= Four: Left

2. Inthe River tab > Input panel » Create Section drop-down > select 1 3D Section
Cut.

3. Inthe 3D Section Cut dialog box, Click the Edit button and provide the description — “Cross
Section A’. Click Ok.

Unigue cross section grid ID:

Description

Cross-Section A

Initial values

Leftmost station:

Edit the Leftmost Station Initial value to 100. Click OK.

Draw a hydraulically correct Cross Section A between the points shown in the drawing.
Cross Sections in plan should be drawn perpendicular to river flow. Four sets of suggested
points existing in the drawing.

ok
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6. When finished picking points for the cross-section in plan, Press Enter to complete the
plan view digitization. When prompted to Select new viewport for grid, then press Enter,
pick inside the upper left viewport to place the section view and press Enter.

g |
ﬂcﬂ:;' Recut Section
7. If your Section appears as flat line, use the Create Section »

;,}{.,] Resize Section Views
command and the Section Geometry » to re-draw the grid
lines.
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|+ [ Tap 120 ¥ rame | =
24 @

3D
8. Repeat the &1 3D Cross-Section Cut command for each; Cross-Section B, C & D..
9. Place each cross-section view into the viewports.

5]
* . Recut Section
(=

10. Be sure to use the Create Section » command to re-sample the data.
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Exercise 3 — Cross Section 1 Data

Establish the starting cross-section data on the downstream most section. Manning’s n values
carry upstream until changed in the model.

1.

2.
3.

On the Input panel, Change the Cross-Section ID to 1 using the drop-down menu.

2B Section Descripti
Select the = “SHENEECARHET - ommand.

In the Section Description dialog box, click inside the Left Overbank Station and select the
I<] arrow to graphically pick the location in the drawing.

Section Descriptio

Selectcross section

Feach: |1 w* 4 r [Crosssection: |1 w4 |

Floodplain and channel description

Left
Cryerbank station: 199011
Flowe slices:
bManning's n: [.]
Flow [ength: t

4. Pick either the plan or the section view location of the left channel overbank station.

T

Tl
=

- |

Repeat the graphical selection process for the right overbank station.

Specify 0.06 for the left and right floodplain Manning’s n roughness coefficients and 0.035
for the channel Manning’s n coefficient.

Click Apply.

The Manning’s n values annotation appears above the cross-section. Remain in the
Section Description Dialog box.
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0..6 G35

’_r —
|
|
|
|
|
|
|
I

ﬁmss—Secﬂcn A

9. Remain in the Section Description dialog box, and Change the Cross-Section ID to 2.

Select cross section General

Reach: |1 v|4|» Crosssedmn:‘ » Cross section D 2

Description Cross-Section B -

Flaodplain and channel description
Left Channel Right =

Overbank station:

Flow slices

Manning's n

Flow length:

Cross section data. Deck/Foadway data
Hotizontal Ground Hatizontal Harizantal Low Chard Foadway
Statian (ft) Elevation (f) | Foughness Station (ft) Elewation (ff) |Elevation (ff)
1/100.00 6278
2/10010 G2.78
Expansion loss 3/100.20 82.78
411292 G275
Grid size 5|121.98 8273
Leftrnost station: 100.00 6]134.31 62.69
71137.43 8269
Axis length: 5400.00 8/145.90 82 66

9/153.01 52.65
Starting elevation 30.00 anlirara nn e

Contraction loss:

-

Axis height: 55.00 Pick < ] l New ¢ ] l Import... ]
Cancel ] Apply

10. Establish the Left and Right Overbank stations by selecting the [<] arrow and pick the
locations graphically.

11. Leave the Manning’s n value blank since the values for downstream Cross-Section 1 will
propagate upstream when computing a subcritical hydraulic profile.

12. In the Flow Length row, click the |< | arrow to establish the Left, Right and Channels Flow
Lengths from Cross-Section B down to Cross-Section A in plan. Digitize each flow length
so that the generally accepted hydraulic principles apply.
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(2

D

13. Click Apply to commit the changes.

14. Repeat the process for each of the the following cross-sections and specify both the
Overbank and Flow Lengths for Cross-Sections B, C and D.

Cross-Section Left Channel Right
B 552.61 555.81 521.18
C 652.08 645.01 617.72
D 768.20 736.34 672.93

15. The Left, Right and Channel length lines draw between cross-sections.
16. Click Apply and OK to commit the each cross-section changes.

17. In the main viewport, Use the
18. Save the drawing.

T, Loom to Reach Extents

command from the Navigate panel

10
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19. Due to the detail of the terrain, the number of sampled points exceeds the allowable
values for HEC-RAS. For each cross-section, reduce the number of points per cross-

section, by using the Input Panel » Section Geometry pull-down > Reduce Section
Points. Modify the number of points from 90 to 200 points.

Reduce Section Point:

Praview

FEMA reduction rules

Reduce to 200 points FEMA Rules

| 5% Maximum horizontal floodplain spacing limit

Mo Rules
| 10% Maximum horizontal channel spacing limit

| 20% Maximum vertical spacing limit [ Preview

Cancel | | Help

This reduces the number of elevation point to those allowed and simplifies the calculations.

HEC-RAS allows for a maximum number of cross-section points to 500 points.

Exercise 4 —Define the Project Flows & Compute Analysis

1. On the Create Reach Data panel, select the Reaches drop-down and select Edit Reach.
2. In the Edit Reach dialog box, edit the River and Reach names.

Unique 1D: 1

River: Baxter River

Reach: Lower Reach|

l | Cancel | |

3. Click Ok.

11
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4. Click the = Flows command on the Create Reach Data panel to establish the Flow
and downstream boundary conditions.

5. Enter and Select the BIG and BIGGER profile descriptions.

Frofile type

1 @) Subcritical

Profiles Downstrearn condition

Frofile |Profile Description @) \Water surface elewval

Big Critical depth
Bi
'998r Mormal depth
Rating curve

Steady flow boundary co

6. In the Steady flow boundary conditions of the dialog box, enter a flow of 32,000 cfs for the
first profile and select the Downstream Condition to be Water Surface Elevation. Enter a
Water Surface Elevation of 58.04.

7. For the 2™ profile, enter a flow value of 70,000 cfs. Select the Downstream Condition to
also be Normal Depth with the same calculated slope value. Enter a Water Surface
Elevation of 65.02.

Steady flow boundary conditions

Profile Elzmnégam Downstream Condition 5
Al =
1 32000.00 Known WS = 58.04 1
2 F0000.00 Known W5 = 6502

3

4

5

b =

8. Click Apply and OK to commit the changes.
9. Save the Drawing file.
10. On the Analysis panel, select the Compute Analysis button.

-'_‘__.-"
“®

Compute
Analysis

11. River and Flood Analysis will save a HEC-RAS data file , execute the HEC-RAS hydraulic
calculations and display the Steady Flow Simulation dialog box.

12
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HEC-RAS Hydraulic Computations =] Py
Steady Flow Simulation
River: Baxtar River RS 3
Feach: Lower Reach Maode Type:  Cross Section
Profile: Bigger

Simulation: 272

Cormputation Messages

Steady Flow Simulation Version 4.1.0 Jan 2010
Finished Steady Flow Simulation

Close

12. Click Close when the calculations complete.

Exercise 5 —Map the Floodplain

1. With the hydraulic calculations complete, the Flood Map intersection of the water surface
and the existing surface can be displayed.

+
2. On the Output panel, click the Flood Map drop-down, the select the "f Add Floodplain
Map command

3. Highlight the first Analyzed profile, edit the Display of the Intersected Edge of water as

follows:
Fill Type Hatch
Hatch Options
ANSI31 Scale 100
ANSI31 Angle 45
Intersection Step Size 20
Color BLUE
Global Width Check
Width 5

13



4. Click OK.
5. For Profile 1, unselect the Flood elevation contours (BFE) and Generate GIS coverages.

ﬁd Floodplain Ma [

®

Analyzed profiles
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Intersection Step Size:
Line options

Caolor:

Linetype:  BYLAYER

Legend Edge of W

Global width
“Width: 2

Intersected Edge of Water Options =
Fill type
-:;Nmne
() Temparary fill
@ Hatc

20 ft

ELUE

ater

=

I 0K

o

ancel ] i Help

Praofile
[l

Reach

N 32000.00
se

[ 70000.00

Discharge (cfs)

Water Surface
Elew (ff)

58.04

E5.02

Display
Intersected edge of water

[ Straight line edge of water

["] Shallow flooded areas
["]Flood elevation contours (BFE)
["]Flood depth contours

[ ] Flood uncertainty band

Options...
Options...
Options...
Options...

Options...

Options

Topo map ground surface: I Configure Elewvation Data... ]

Clipping polygan: [+45 Boundary

7]

Extended length: 25

[]Legend

» position E4114951 574

Y position: 2041395.291
Text height: 75.000
[]Erase previous results

[T Regenerate ground terrain

Restrict mapping to model results
["] Generate 30 grid of ground surface
["] Generate 30 results

["] Generate GIS coverages

Options...

oK ] l Erase ] l Cancel

|| Hel

Click OK to draw the Big Profile Flood Profile Map.

+
Repeat the "# Add Floodplain Map command.
Unselect the 1% Profile and Select the 2™ Profile.
Edit the Intersected edge of water for the second prolife as follows:

Fill Type Hatch
Hatch Options
Pattern ANSI32

14
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ANSI32 Scale 100
ANSI32 Angle 0
Intersection Step Size 5
Color Cyan
Global Width Check
Width 5

10. For Profile 2, Un-check the Erase previous results Options.

[R5a Floodplam Madl |

Analyzed profiles Optians

Prafile | Feach Discharge (cis) \Ipz'\;’sie(;t)Surface Topo map ground surface: l Configure Elevation Data... l

[la Clipping polygon: (%S Boundary v
=

[ 3200000 58.04 Extended length: |25
=

@ 70000.00 B5.02 DLeqenq.
* position: E411951 674

Y position: 2041395.291
Display

[¥]Intersected edge of water

[ | Straight line edge of water Options...

Text height: 7h.000
[ ]Erase previous results

[ TRegenerate ground terrain
I:‘Shallowflooded areas Options...

[¥]|Flood elevation contours (BFE)

[T |Flood depth contours Options...

Restrict mapping to model results
[ Generate 3D grid of ground surface
Generate 30 results

I:‘Flood uncertainty band Options... :
|:| Generate GIS coverages Options...

ok || Emse || || Hep

11. Click OK.

15
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12. Selec the cyan hatch and move to the back. Save the drawing.

16
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Exercise 6 —Results Output Report

1. On the Output panel, select = Output Repert

2. Inthe Analysis Output report dialog box, specify the report file name, and select all of the
Profiles to report.

Profile Reach Discharge (cfs) Wa
[l
1 32000.00 58.
= 2
1 70000.00 Bh.

3. Click OK
4. Notepad opens and the HEC-RAS report displays, ready for printing.

HEC-RAS Version 4.1.0 Jan 2010

U.5. Army Corps of Engineers

Hydrologic Engineering Center
609 Second Street
pavis, california

x X EO00O0O0 OO KOO ey peeee
X X X X X X X X X
x X X X X x X X
20000000 2000 X 20000 X000 OO0 sy
X X X X X X X X X
X X X X X X X X X X
x Ko MOOOD PO X x X X OO
5. Close Notepad.
EH
g% Add Section Results
6. From the Output panel, select to draw the floodplain mapping

results on the cross-sections.

7. In the Add Section Results dialog box, edit each profile’s Display options accordingly so
that each profile displays accordingly the necessary information.

17
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Jd

ioss—SectiDn B

Frofile: Big
Flow Discharge = 3200000 cfs
— cemputed Water Surfdce = 58535 ft

Frofie: Bigger
Flow Discharge = 7000000 cfs
— Computed Water Surface = BS.6% ft

8. Press OK to draw the Computed water surface and Flow Discharge Legend into each
section view.

9. Save & Close

18
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Exercise 7 - Automated Cross-Sections

River & Flood Analysis contains the ability to automate the cross-section generation. This
exercise examines the steps necessary to complete this effort.

1. Turn onthe _AU_XS_CUTLINES layer. This layer contains pre-drawn hydraulicly correct
cross-section locations.

2. From the Input panel, select Create Section > Automated Section Cut.

Automated Section Cu _,.i.-
General Bank stations (optional)
Riwer centering: Pick < | 1 Left bank line: Fick ¢ | 1
Cross section cutting method: |rv1ultiple cutlines - ‘ Right bank line: Fick < | 1
Cross section cutline(s): Pick < | [3¢ Orverbank flow length (optional)
< | [1on V| Use bank lines for overbank flow length
Left overbank flow length line: Pick <
< [o00 J &
Right cverbank flow length line: i
Cutline options ? ? Fick <
Keep end points of cutline Cross saction 1D
®S ovetlapging: |Para||e| tointersecting XS ¥ Starting cross section ID: 4
Cross section ID increment
Feference statiu:unm_g(c:pticunal) 3 Fixed 1 Units
Btz lil 0 f Channel reach length Miles
Twpe: ‘Leﬁmust station - Awerage reach length Feet

] ] | Cancel ‘ | Help

3. On the dialog box shown above, Pick the River Centerline.

4. Change the Cross-Section cutting method from Perpendicular to Multple Cutlines. Use
the Pick button to select the 32 pre-drawn cutlines on the _ AU XS CUTLINES layer. Pick
the Left Bank (Southern most line) and Right Bank (Northern most green line) that will be
used to establish the channel banks. Check the Use bank lines for overbank flow length.

5. Click OK.

6. Re-run the Create Section > Recut Section for all Cross-Sections.

19
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Tips:

2l Export HEC-RAS Project
Use the pa 2 TTEEE command to make a backup HEC-RAS model as a method of data

sharing these cross-sections and the modeling parameters.

Results Analyzer
The River provides access to familiar Cross-Section tables, Profile Tables

reports and Profile Plots.

% H:\_AC\TS\Samples\LESSON-02.000 | Standard Table 1 3
River Station Profile Q Total Min Ch El W.S. 8
(cfs) () ) 9§
4 10-YR 300.00 1247.50 1248,

4 S50-YR 600.00 1247.50 1249.

10-YR 300.00 1243.50 1244
3 6 1243,

;-rf Import Unsteady HEC-RAS Max WSEL...
Unsteady flow modeling results import using the
command. Be sure that the River, Reach and Cross-Sections match in River and Flood Analysis and

the unsteady HEC-RAS model.

21
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HEC-RAS Import & Bridges

In this exercise, the lesson walks you step-by-step on how to import an existing HEC-RAS
project, review a bridge, and re-compute the analysis.

Exercise 8 — Import the HEC-RAS Project

1.

9.

Open a Baxter River — Part 2.dwg drawing.

g & | Import HEC-RAS
On the Create Reach Data panel » Import and select the =
command.

In the Import HEC-RAS Project dialog box, toggle the Use real world coordinates option.
Press OK.

Browse to the Lab’s HECRAS sub-directory and select the Baxter River AU 2013.prj Project
file.

Press OK. Give it a minute of two to import all three reaches.
The command line will echo the cross-sections imported and resize them appropriately.

Use the g Zoom to Reach Bxtents

imported model.

command from the Navigate panel to view the entire

Save the drawing as Baxter Model.dwg

22
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Exercise 9 — Review Sections

1. Use the Cross-Section drop-down on the Input Panel to review each cross-section.
2. Pause at Cross-section 45290 — Downstream end of Railroad Bridge.

J
J
\
|
(
!

S|

45250

EI]:ID Bridge & Culvert Openings
3. Select Bridges & Culverts drop down, and the .

Bridge & Culverts definition or edits occur from the downstream cross-section. The bridge or
culvert length together with the Distance to upstream XS must be less than the distance
between the downstream cross-section and the upstream cross-section.

(@) Bridge Downstream XS Upstream X5

Piers... ’

Edit Geometry... ’ Edit Geometry...

Methodology...

Draw Road < Draw Road <

Parameters. .

Sloping Abutments... Sloping Abutments...

Delete. .

) )
) )
DrawlowChord< | DrawlowChord< |
) )
) )

|
|
|
|

|
|
[ Internal X5... ’
|

Ineffective Flow Areas. . Ineffective Flow Areas. .

4. Click the Piers... button to open the Review the Peir Definition editor. Review Methodology,
Paramters, and Ineffective Flow Areas to review the abailable options.

5. Click OK to dismiss.

23
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—
-
~®
Compute
6. Compute the Analysis. Analysis
7. Click Flood Map and map the first profile for all three reaches.

AN

Any questions?

24
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