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FLO-2D Model Training Class
Presented to Flood Control District of Maricopa County
Phoenix, Arizona

Dates:
Location:

June 27-28, 2013

Maricopa County Public Work Operations Building Computer
Training Room

2919 W Durango St, Phoenix Arizona 85009

(South side of MCDOT Traffic Operation Building; see attached map)

Instructors: Jimmy O’Brien, Ph.D., P.E.
Karen O’Brien, Technical Support and Instructor

WHO SHOULD ATTEND: This training class is designed for new FLO-2D users (hydraulic and hydrologic
engineers and floodplain managers) and previous users who need a refresher class. The free FLO-2D Basic

8:00 - 8:15
8:15-9:00
9:00 -10:00
10:00 — 10:15
10:15-11:00

11:00 - 12:00
12:00 — 13:00
13:00 — 13:30
13:30 — 14:15

14:15 - 15:00

15:00 — 15:15
15:15 - 15:45
15:45 - 16:15
16:15-17:00

model available at the website will be used in this training.

Primarily ‘hands-on’ computer session times are highlighted in blue. ’

Thursday June 27, 2013
Getting Started

Check-in, introductions and review agenda.

Overview of the FLO-2D Modeling system and Porting Data Files.
Grid Developer System - Getting Started

Break

Hands-on session 1: Lesson 1. Using the GDS to import and edit terrain
elevation data, filter elevation point data, establish a grid system, work with
aerial images, setup hydrographs and run the FLO-2D model.

Discussion of model theory, routing algorithms and stability criteria.
Lunch
Review FLO-2D *.DAT and *.OUT files. Introduction to floodplain attributes.

Hands-on session 2: Lesson 2. Floodplain attributes. Edit model components and
layer attributes using shape files.

Hydrology: rainfall and inflow hydrographs. Using Green Ampt and SCS-CN
infiltration.

Break
Hands-on session 3. Rainfall Lesson 7. Enter and edit rainfall data. (Demo)
Introduction to Urban modeling.

Hands-on session 4: Lesson 11. Urbanized floodplain details. Set up streets and
buildings.




8:00 - 8:20
8:20 - 8:45
8:45-9:30

9:30-10:30

10:30 — 10:45
10:45-11:30

11:30 - 12:00

12:00 — 13:00
13:00 - 13:30
13:30 — 14:15

14:15 - 14:30
14:30 — 15:00

15:00 — 15:15
15:15-16:00

16:00 — 17:00

Friday, June 28, 2013

Channel Flood Routing, Mapping and Troubleshooting

Channel flood routing overview. Channel/floodplain flow exchange.
Overview of GDS river channel tools. Introduction to Lessons 3, 5 and 8.

Hands-on session 5: Lessons 3, 4 and 5. Using GDS to create a simple
rectangular channel. Interpolating the channel cross sections and slope and
editing the bank elements in PROFILES.

Channel routing problems: What to look for? NOFLOCs, channel profiles, n-
values, surging.

Break

Hands-on session 6: Lesson 8. Import a HEC-RAS project and create a natural
channel in the GDS.

Using hydraulic structures in the urban environment: weirs, bridges and culverts
for rivers and floodplains

Lunch
Mapper overview. Creating high resolution flood delineation maps.

Hands-on session 7: Mapper (Demo Session) Display flow depths, velocities,
and water surface elevation maps. Create shaded contour maps and import
aerial photos.

Troubleshooting overview, tools and methods for finding data errors.
Hands-on session 8: Troubleshoot a project.

Break

Optimization: Is the flood simulation running ok? Solving common problems:
Volume conservation, numerical surging, sticky grid elements, and limiting
Froude numbers.

Hands-on session 9: Create a project from scratch.
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INTRODUCTION

FLO-2D Model Lessons

This document is organized as step-by-step instructions to create and run
a detailed FLO-2D flood routing simulation. The lessons will guide the
user through building a spatially variable model with infiltration, channel,
levee, building and street components. The objective is to apply the Grid
Developer System (GDS) to create a simple overland flow model that
will be expanded with more channel and floodplain details. A compre-
hensive lesson on reviewing FLO-2D output data and creating flood maps
using the MAPPER program completes the lessons.

Use this Workshop lesson book to compliment the FLO-2D, GDS and
MAPPER manuals and other supporting documentation. There are re-
view questions at the end of each individual lesson. Many of the ques-
tions reflect those technical support questions that FLO-2D users fre-
quently pose. It is our intent to make the FLO-2D modeling system as
user friendly as possible.
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LESSON 1 - GDS GETTING STARTED

Overview

This lesson will shows the steps of generating a basic overland flood
simulation with the FLO-2D model using the Grid Developer System
(GDS) pre-processor program. Learn how to create the grid system, im-
port and interpolate terrain elevations, assign inflow and outflow ele-
ments, import aerial photos as background and start a flood simulation.

Required Data

The lesson makes use of terrain elevation data, an inflow hydrograph, and
aerial photograph provided in the installation folders.

File Content Location*

dtm.pts Digital Terrain Model file

136,01t HEC-1 hydrograph Example Projects\Lesson 1

Goat.tif Aerial photographs

* Typically these folders are in installed under C:\Users\Public\Documents\FLO-2D Basic Documentation

Check these folders to ensure the data is available before starting the les-
son.
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Step-by-Step Procedure

To run a FLO-2D flood simulation using these steps.

element elevations;

e Select outflow grid elements;
e Run the FLO-2D model.

Step 1: Open the Grid Developer System program

Double click the GDS Basic icon from the desktop.

Step 2: Import terrain elevation data

Open the Grid Developer System (GDS) program;
Import terrain elevation data;
Create the Grid,;
Import aerial images;
Outline the project area boundaries "computational domain";
Interpolate the digital terrain elevation data and assign the grid

Assign hydrographs to selected inflow element;

A

R
Bowe

The elevation data is typically in an text format where the elevation
points are given as a table of space or comma separated x y z data.

6413334.59
6413388.62
6413500.78
6413664.70
6413784.88

1936112.79
1936112.00
1936108.47
1936102.41
1936094.97

81.81
81.57
81.29
80.95
80.75

The first two columns are the x- and y- coordinates and the third column
is elevation (ft or m). Other data formats are also supported (see the GDS

Manual).

4 | Workshop Lessons



FLO-2D Model Lessons

To import the file, click New Project/from DTM Elevation Points on the

File menu.

Open .TOP Profect...
Open Existing FLO-2D Project...

Save ,TOP Project...

Save FLO-2D Files...
Run FLO-2D...

Define Working Region. ..

from Existing ASCII Grid File. ..
from Existing Shapefile

from FLO-2D Project...

from Existing CAD File...

from Existing HEC-RAS File...

Run Mapper
Run PROFILES
Run RAIN

Create FPlain.Dat and CadPTS.DAT

Import Image »
Import Elevation Points >
Import Shape File...

Import Rain ArcInfo ASCII Grid File...
Import HEC-RAS Channels. ..

Import CAD Graphic Elements. .,

Save Elevation Points...
Export...
Exit

The GDS searches for a default file type with *.pts extension. Select the
file dim.pts and click OK. Choose the English system of units and click

OK.

NOTE: A DTM points file must have a
*.pts file extension and an ASCII grid
data file must have a *.ASC exten-
sion.

Region 0 S
Region limits Upper right corner
X [37029478
¥ [1186511.5
Lower left comner
% [363098.37
¥ [11836033
Units

C International (mts)

A dialog box of the number of points will appear. Click OK and the ele-
vation data will be displayed with the view automatically zoomed to the
full extent of the coordinates.
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Step 3: Assign the grid element size and create the grid system

To create a new FLO-2D grid system, click the Create Grid command on
the Grid menu.

R

Select »
Assign Values to Selection »

Interpolate Elevation Points
Green-Ampt »

Compute Manning Coefficients. .
Compute SCS Curve Number »

Define Boundary Grid Elements
Select Computational Domain >

Create Grid Layer

Input a grid element size (square grid) for the project and click OK.

RECOMMENDATION: The peak dis- [ond tiementesze S
charge divided by the surface area of Grd Element Size lfeet) [T00

1 grid element should be less than 3
cfs/sq. ft. or 1 cms/sg. m.

oK Cancel
Qpear/Asurt < 3 cfs/sq. ft. ] |

The grid element size should reflect the topographic data resolution and
result in an acceptable number of total grid elements. A small grid ele-
ment size enhances the FLO-2D model resolution but also increases the
computer runtime and memory requirements. A balance should be sought
between the grid element size (number of grid elements), resolution of the
desired FLO-2D results and the computer runtime.

Assign a Grid Position and click OK.

Grid Position
Top-left gnd element X |3625l1)
SUGGESTION: Assign the upper left Teoiehipiddeent 1 167100
hand corner grid element coordinates TN LA TN
as an even number (e.g. round to the —
arest hundred)
ne L
oK I Cancel l
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Step 4: Importing aerial images

Importing background images will help to visualize the computational
domain and project area with respect to the grid system. To import a
background aerial photo use /mport Image/Individual Image... in the File
menu.

New Project 4

Open .TOP Project.,.
Open Existing FLO-2D Project. ..

Save .TOP Project...

Save FLO-2D Files...
Run FLO-2D.,.,

Run Mapper

Run PROFILES

Run RAIN

Create FPlain,Dat and CadPTS.DAT
Import Elevation Points »  Group of Images...
Import Shape File...

nert Rain ArcInfo ASCII Grid Fil~ .,

The image for this example project is located in the subdirectory Zxample
Projects\Lesson 1. Images can be selected one by one or several at a time
using the Shifi-click or Ctri-click on the files.

Look in l—' Lesson 1 E] L] &5 B

’an&.li l] Open
lSlardavd image formats El _Eancel
™ Open as read-only
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The following figure displays the Goat example project with background
aerial photos and the elevations points.

Step 5: Outline the project area boundaries

The computational domain can be defined by marking or highlighting the
boundary grid elements. The grid boundary is defined by clicking Define
Modeling Boundary with Polygon option of the Set-up Computational
Domain in the Grid menu.

Create Grid

Select »
Assign Parameters to Selection »

Interpolate Elevation Points
Compute Green-Ampt Parameters »

Compute Manning Coefficients. ..
Compute SCS Curve Number »

Define Boundaty Grid Elements »

ST TR i e o e

Create Grid Layer

Click OK on the dialog box that appears instructing the user to draw the
boundary polygon.

Draw a polygon by clicking on each polygon vertex along the desired
boundary. The polygon is completed by double clicking on the last ver-
tex. The system displays the message.
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FLO-2D Grid Developer Systefin NS =4
1 ) Do you want this polygon to be the computational domain?
N
Yes No I

A No response will erase the polygon while a Yes response will proceed
with creating the computational domain. A dialog box will appear so that
the grid system numbering scheme can be selected.

€ Left lo nght. bottom to top
€ Top lo bottom, left to right

The numbering sequence can help in locating grid elements later. It is
suggested to have the number sequence increase in the flow direction. A
recommended numbering scheme is left to right, top to bottom if the
drainage system runs from north to south or from top to bottom of the
screen.

Click OK to generate the computational domain grid system.

NOTE: The boundary elements dis-
played in red are not part of the FLO-
2D computational domain and
should not be assigned any inflow or
outflow conditions or component at-
tributes.

The FLO-2D grid system now consists of all the grid elements within the
computational domain.
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Step 6: Interpolate the digital terrain elevation data & assign grid ele-
ment elevations

A set of DTM points may be randomly distributed in the flow domain and
some grid elements may have many DTM points or none at all. The FLO-
2D model requires that each grid element be assigned a representative el-
evation.

To interpolate and assign the grid element elevations from the random
DTM points or contour point elevations, click the /nterpolate Elevation
Points command on the Grid menu. A dialog box will display the eleva-
tion interpolation parameters.

Grid Element Elevation Interpolation s

Minimum number of DTM
points to consider in the

vicinity of each grid element: [2_—_——._;]
Ha\lim of interpolation
ement ey @]
Inverse distance weighting

formula exponent E——

High elevation fitenng scheme

@ Nofitering

€ Giterence s ]teel

¢ Standard deviation difference

Low efevation fitering scheme

& No fitering
Maximum elevation [ﬁ
2 difference 5 ] feet

" Standard deviation difference

@ Mo o
c i =
[ ] conca |

The user can adjust the interpolation criteria using the Grid Element Ele-
vation Interpolation dialog box. Click OK to interpolate the DTM points
using the default interpolation criteria.

Using View/Grid Element Elevation Rendering, the interpolated grid ele-
ment elevations are shown by color. Red/orange represents the highest
elevation while blue the lowest elevation in the computational domain.

Turn off the Elevation Rendering by clicking View/Grid Element Eleva-

tion Rendering. Turn off the DTM points by clicking View/Elevation
Points.
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Step 7: Assign hydrographs to selected inflow nodes

Use this command to define inflow and outflow grid elements. Right
click on the grid element that was chosen to be an inflow node, and select
the In/Out Condition for Element **** from the sub-menu.

NOTE: Your element may not be
#220.

Reservoir Water Elevation for Element 220 i

The flowing dialog box allows editing the inflow conditions.

In/Out Condition for Grid Element 228 5

e )
==
&

@ lnllow element wih hydiograpy
 Outflow element (no hydrograph)
€ Dutflow element with hydrograph (diversion)

€ Quttlow element with stage-time relationshp
¢~ Outtlow element with stage-time and free
floodplamn and channel

@ Floodplain € (1 €

€ Channel outflow element (with stage-discharge]

© No nflow/outflow condition

Hydiograph
I~ Mud hydrograph
T Dischar
—
Save

View Graph '_—_— ’_—

Initial time Final time

K | Cencsl |

Click on both the /nflow element with hydrograph and the Floodplain ra-
dio buttons to assign an inflow hydrograph to the selected grid element.
Then click Read to display the following dialog box to import a hydro-
graph with HEC-1, Tape21, HYD or Text file formats.

11 | Lesson 1




FLO-2D Model Lessons

1drograph file S
. Select hydrograph file type
' HEC- file
€ TAPE21 tle

€ HYD file
€ ASClI file

ok | cees |

Click the HEC-1 file option and search for the ¢/36. OUT file in the Ex-
ampleProjects\Lesson [ folder. Then select 2 STATION C10! hydro-
graph from the dropdown list.

(PN |

oK I Cancel |

After selecting the HEC-1 hydrograph and clicking OK, the hydrograph
data is loaded into the data table in the dialog box. Click Save to create a
test.hyd file. These files are text files generated by the GDS to save the
hydrograph data and allow later recovery of hydrographs when a project
is read from a *. TOP file. The .hyd file is not used by the FLO-2D mod-
el.

Now click View Graph to plot the hydrograph in the following window.

Discharge

2.5 5.0 7.5 10.0 12.5 15.0 17.8 20.0 22.5

Tine

Intial Time Final Time

0K I Cancel I

Inflow grid elements with assigned hydrographs are displayed in a cross-
hatched green pattern in the GDS for identification.
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FLO-2D Model Lessons

The FLO-2D grid system represents an impermeable border from which
no flow will escape. The flow will pond against the boundary unless out-
flow nodes are assigned. Outflow elements discharge any flow off the
grid system without effecting the water surface elevation. The outflow el-
ements approximate normal depth flow conditions from upstream ele-
ments. To assign the outflow elements, first click the Select Element by

Element icon ‘ij in the GDS tool bar, then click on each element (or hold
the shift key while dragging the mouse to select multiple elements).

NOTE: Avoid doubling up the outflow
nodes. Outflow nodes require at
least one upstream grid element to
compute a normal depth outflow
condition.

Now click the Assign Parameters to Selection/Inflow/Qutflow Condition

command in the Grid menu

Create Grid
Select

R -

Interpolate Elevation Points

Compute Green-Ampt Parameters » Levee

Compute Manning Coefficients. ..
Compute SCS Curve Number

Define Boundary Grid Elements
Setup Computational Area
Create Gnd Layer

|

Manning Coefficients
Area and Width Reduction Factors

Mukiple Channels
* " Infiitration

»  NoDischarge Exchange
Time-Variant Groundwater Head

*  RigdBed Element

J
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NOTE: The outflow nodes are flow
sinks and should be treated as non-
essential elements. Do not assign
any other component to the outflow
nodes. It is suggested that you sep-
arate the project area from the out-
flow nodes by several grid elements.

Select OQuiflow element/(no hydrograph) and Floodplain radio buttons
and click OK.

¢ Inflow element with hydrograph

[ Citton slment e ringapii]
€ Outflow element with hydrograph (diversion]
€ Outiow element with stage-time relationship

¢~ Outflow element with stage-time and free
floodplamn and channel

@ Floodplain | s

€ Channel outflow element [with stage-discharge]

 Noinflow/outflow condition

-
P-CC
e |
P 0N
Ir—l—
[—QK—l I:anr.el]

The outflow elements are identified with a blue cross-hatched pattern.
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Step 9: Save project and run the FLO-2D flood simulation.

Create a new folder in the Example Projects folder named GDS Test and
save the FLO-2D data files to it. Avoid overwriting any of the Example
Projects files. To Save the FLO-2D flood simulation, use the Run FLO-
2D ... model command in the Fi/e menu.

NOTE: You may get a message indi-
cating that the outflow nodes have
elevation inconsistencies. The mod-
el will automatically fix this for you
during the preliminary data file
check.

New Project »

Open ,TOP Project...
Open Existing FLO-2D Project, ..

Save .TOP Project..,

Save FLO-2D Files...
Run Mapper

Run PROFILES
RN RAN

Input the Simulation Time = 24hr, Output Interval 0.25 hr (or 0.10 hrs for
more output intervals), select the Detailed Graphics option and input Up
date Time Interval = 0.10 hr (or 0.05 hr to view the flood progression
more frequently) as shown in the following image.

FLOZD Control Yariables

Time Control and Plot Variables

Simulation Time [hrs} ,24 n-value Adiustment: r——_—U Floodpl;;'nulén:lag I_g__
Output Interval (hrs). 0.1 FbWD?J Tmrﬂr?;y'ﬁs‘ fo Shallow Flow
ol — n-value: IU 2
Graphics Display 8.3 LIP L) Bulking Concentration: ‘0
* Detailed Graphics
5 I~ Backup Fie Area Reduction Factor Il]
System Component Switches Floodplan Display Options
I™ MainChannel ™ Asea Reduction Factors [ARF) Prnt Options: [No Floodplain Output e

™ Steets Multiple Channels

I ilevent [Rill and Gullies!

Physical Processes Switches

I Rainfal € Mud/Debris

™ Infiltration " Sediment Transport
C N

™ Evaporation S

™ MODFLO-2D Modeling

Conveyance Stiucture Switches
™ Hydraulic Structures
I~ Floodway Analysis
I™ Debris Basin

Global Data Modification

I~ Create Supercritical Outpta File

Check "Main Channel" to activate ""Channel Print Options'
Time Lapse Output
™ Time Lapse Output  Output Interval [his) I[]

Graphics Display
Select "Detaled Graphics' in "Time Control and Plot
Vanables' ame

l&ate Time Interval (hrs) '[] 1 _]

Numerical Stability Parameters

Surface Detention I0.1
Percent Change in Flow Depth rg_z_—'

™ Animate Flow within GDS Run FLO2D Run FLO2D Save FLO2D Close
(Save Files] (Do not Save Files) nput files

Dynamic Wave Stability Coefficient [1
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Now click Run FLO2D. Monitor the floodwave progression, the inflow
hydrograph plot, simulation time, volume conservation, and area of inun-
dation.

PRSBG0S 5 o e

‘ I Maximum
| |{Flow Depths

Sahar | Asim
21F cedovt W Lotvatingsions
rwap deaencer naows£ul iy Ticedt B e
e brdolaes ekl PPesva gty 8 s ontiaa
T o iwscmute oo achsivarh o Iy kdentiezuzer e

Depth Legend
23<DEPTH <30
20<DEPTH<2$

1 $<DEPTH <20
10=DEPTH=1*
02=DEPTH =190
i TNL = DEPTH <02
i DEPTH < TOL

Summary

This is the completion of a basic overland flood simulation using the
FLO-2D model along with digital terrain elevation data and an inflow
hydrograph. This lesson has demonstrated how to create the grid system,
import the DTM data, interpolate the grid element elevations, assign in-
flow and outflow elements, and import background aerial images.

To add more detail and components to the project such as channels,
streets, levees and buildings, complete the following lessons.
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Review Questions

L,

What are the five methods to start a FLO-2D project in the GDS?

1.

ii.

1il.

1v.

2.

10.

V.

What is the typical DTM data format and what type of file must be used?

What factors should be considered to balance simulation speed with modeling accuracy?

What is the criterion for selection the grid element size?

What is the floodplain default n-value? s this reasonable for most projects?

How is the grid element elevation determined from DTM data?

Is the grid system boundary included in the FLO-2D computation domain?

Which of the following can be share a node with outflow conditions? Check box.

[] Streets ] Levees
[]  Buildings [1 Bridges/Culverts
] Channels

True or False Double-up the outflow nodes the model will calculate twice the outflow
discharge?

What is the difference between the Outflow Interval and the Update Time Interval on the
Control Panel?
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LESSON 2 — GDS COMPONENT EDITING
Part 1. Floodplain Attributes
Topography and Roughness

Overview

This lesson will use the GDS to graphically edit FLO-2D grid element at-
tributes such as n-values and elevations. It will also show how to compute
n-values attributes by interpolation from shape file.

Required Data

The lesson requires the use of FLO-2D data files, n-value shape files and
aerial photographs provided in the installation folders as follows.

File Content Location*

* DAT FLO-2D Data Files Example Projects\Lesson 2 1
Goat.tif Aerial photographs Example Projects\Lesson 1

n value.shp N-value shape file Example Projects\Lesson 2 1

*Typically these folders are in installed under C:\Users\Public\Documents\FLO-2D Basic Documentation

Step-by-Step Procedure

Graphically edit floodplain attributes for the FLO-2D model using the
GDS by following these steps.

Open the Grid Developer System (GDS) program;
Load the Lesson 21 project;

Import aerial images;

Select and deselect grid elements;

Graphically edit floodplain elevation;

Import n-value shape file;
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e Graphically edit n-values;
e Compute and view Manning’s coefficients;
e Save the FLO-2D data files.
Step 1: Open the Grid Developer System program
Double click the GDS Basic icon from the desktop. -’

Step 2: Load the model Lesson 2_1

Click the /i/le menu in the GDS and select the Open Existing FLO-2D

Project command.

New Project >

Open .TOP Project...

Save .TOP Project. ..

Save FLO-2D Files...
Run FLO-2D....

Run Mapper

Run PROFILES

Run RAIN

Browse the folder C:\Users\Public\Documents\FLO-2D Basic Documen-
tation\Example Projects\Lesson 2 1 and double click the

FPLAIN.DAT.

Select a FPLADLDAT file to open e x|
0.‘ H + Exampe Projects ~ Lesson 2_L - i [ Search Lesson 2_1 v

Organze v  New folder v i@
Narre [Datemodfed | Type B

FPLAIN.DAT 7/29/2009 10:19 AM DAT Fle

< i 2

File name: |FPLAIN.DAT ] [rpLanpan ~l

Open vl Cancel |

20 | Workshop Lessons
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The following dialog box will be displayed. Click OK to load the model

and display the grid system.

110 20 conponents S
The following components will be loaded
& s I i
I =
[
7 Dutflow elements {1
-

¥ Inflow elements

The display of the grid system should look like the following image.

e

SRR xwxmm|
-&5&—--

S S s S

'
I%--

Step 3: Importing aerial images (see Lesson 1 - Step 4)

Step 4: Select and deselect grid elements for editing

There are several ways to select grid elements for component editing. To
select a single element, double click it and load the following dialog box.

Click Cancel to close the box.

2]
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Attributes of Grid Element Numiber 493 S

Floodplain elevetion (feet) [4597 2

Manning coefficient ID.M
Limiting Froude [pg

Element size (feet). Dsfex 10
) i Detay [T00

Reducton Factors. l Multiple Channel |
Levee |

Infiltration (4

MODFLO-2D |

Click the Select Element by Element ‘iJ button on the toolbar. Click on
several grid elements and notice selected elements have green cross
hatches. Select multiple grid elements by holding down the shiff key
while dragging the mouse over the grid elements. Deselect single ele-
ments by clicking the element again. Deselect multiple elements by
holding down the C7r/ key while dragging the mouse over undesired el-
ements.

Select an area of grid elements by clicking the Select Element Defined by

Polygon [#] button on the tool bar. Click the Unselect Element lij but-
ton on the toolbar to deselect all grid elements.

Step 5: Graphically edit floodplain elevations

To edit the clevation of a single grid element, just double click the ele-
ment. Change the elevation parameter in the dialog box and click OK.

Zoom in on the area of bare ground south of the highway. To edit the el-

evation of several grid elements, click the Select Element by Element |
button and select several grid elements. Click the Grid/Assign Value to
Selection/Elevations.
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Di|M] R/ Crestecod

Select

Asign Parameters to Selection
Manning Coefficients
Avea and Width Reduction Factors
Levee
Green-Ampt Parameters Mutiple Channels
Compute Manning Coefficients... Inflow/Outflow Condition
Compute SCS Curve Number Infitration
No Discharge Exchange
Time-Nariant Groundwater Head

Interpolete Elevation Points
Interplate from LIDAR ASCH Files. .

Detine Boundary Grid Elements.

Setup Computational Area
Create God Layer

Enter a 3 in the dialog box, check the 4Add to Existing Elevation check
box and click OK.

Assign Elevation

Note: Assign a single elevation to a group
of grid element. This will facilitate the
design of a graded surface such as a park-
ing lot.

Step 6: Import n-value shape file

From the file menu, click Import Shape File...

New Project 3

Open .TOP Project. ..
Open Existing FLO-2D Project...

Save .TOP Project...

Save FLO-2D Files...
Run FLO-2D...

Run Mapper

Run PROFILES

Run RAIN

Create FPlain.Dat and CadPTS.DAT
Import Image »
Import Elevation Points »

Import Rain ArcInfo ASCII Grid File...,
Import HEC-RAS Channels...
Tmpert €/ ™ “aphic Eleme sk<,,,

In the Lesson 2.1 folder, open the n value.shp file.
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Select file for new layer

L e 2
Look in- | _s Lesson 21 -] «emcrm-
®GRID.shp

File name: ‘n value.shp Open

Led Ll

Files of type: {ESRI Shapefiles (*.shp)
{~ Open as read-only

Click OK on the following dialog box to load the shape file.

Shape File Name:
n value shp

Numeric Fielc: [N ~ |
Max Vae 0
Min Value: [0_—_—
Number of Colors: IT_—

Step 7: Compute and view Manning'’s coefficients

From the Grid menu, click Compute Manning’s Coefficients...

Create Grid

Select »
Assign Values to Selection »
Interpolate Elevation Pm;
Green-w 4

Compute SCS Curve Number »
Define Boundary Grid Elements  »
Select Computational Domain »

Create Grd Layer

Change the Manning Coefficient from VAR to N-VALUE and click OK.
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Select Manning shape file 3
Manning shape fle: [y VALUE SHP =l
e
ok | conca |

Turn off the shape file by clicking View/Layers List.

Wiew All

Zoom Out Previous Yiew
Zoom Qut 10%

Pan

OTM Point Elevations Rendering...
Tracl Elevation Points

Select the N Value.SHP and click the Visible checkbox. Click OK or
Apply to hide the shape file. The arrow buttons are used to specify the
top layer.

Goat.tif

A ][ s e
Apply | Cancel |

To see the n-value changes, click Grid Element Manning's n-Values
from the View menu.

View All

Zoom Qut Previous View
Zoom Out 10%

Pan

Layers List..,

DTM Point Elevations Rendering, .,
Track Elevation Points

Grid Element Numbers
Grid Element Elevation Values

Grid Element Curve Numbers

Grid...
Components »
v Elr~Hor Points

Zoom in on a portion of the highway and pan around the grid to view the
different n-values. Repeat the procedure to turn off the grid element n
values.
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Step 8: Graphically edit n-values

To represent a street without curbs, the floodplain n-values can be ad-
justed. Double click a grid element on the highway shown in the aerial
photograph. Adjust the Manning’s n-value to reflect the highway rough-
ness.

Attributes of Grid Elenent Number 493 g

Floodplain elevation (feef) ‘4597 72

[Mnnmm; coefficient ﬁ[ﬁ ]

Limiting Froude [g 0

Note: Other floodplain attributes can TR
be accessed from this dialog box. Flemertare (el - Benays [0 7
The grid element elevation can also BoducionFacios | Mutiple Chamnel |
be edited. Levee [

Infilration r

MODFLO-2D
o | cocel |

Use the Select Element by Element | Button to select the grid elements
along the highway. Then click Grid/Assign Values to Selection/Manning
Coefficients.

L0 e e it S v et S T ™ - -+
For vee Devgn God) Took ey
DSE KA Ceeecd WRBR | ULERR

Lom g Barsncternte Semctan . [
Marwe g Coeiciert
e ang 1t Reduvan Tacicy

Ftersobte Beviticr Do
ool o MWIATWEL

tom
Gt bt Y e
ConpateMiming Todicens O r s
Crmpate SC3 Cura thombar v e

e D wwge Ercrmnge
T <xia Ses e

Enter an n-value that represents the roughness of the highway into the
Assign Manning Coefficient dialog box and click OK.

26 | Workshop Lessons



FLO-2D Model Lessons

Manning coefficient: [g.03

o | Cancel |

Step 9: Save project

To save the project click the Save FLO-2D Files... command in the File
menu.

New Project »

Open ,TOP Project...
Open Existing FLO-2D Project...

Save ,TOP Project...

Run FLO-20...
Run Mapper
Run PROFILES
Run RAIN

Create FPlan.DA  ~ ' ~adPTS NAT

Create a new folder in the Example Projects folder named 7est / (or any
folder name) and save the data files to it. Avoid overwriting any of the
Example Projects files. If a file is overwritten inadvertently, the files can
be recovered from the installation files.

Lesson
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Review Questions

1. Name three methods to revise grid element elevations?

2. Overland flow details are attributes that are assigned to all grid elements spatially.
Which of the following are overland flow attributes? Check all that apply.

] Elevation [] Floodplain cross sections
[] N-value [] Infiltration

3. Name three methods to select and deselect grid elements?

4. Identify the following buttons?

> & |e |2
¢ |2 [+ [+

5. The following technical support files are found in the FLO-2D folder under c:\Program
Files\FLO-2D? Check all that apply.

[1 Example Projects [] User’s Manuals
[]  Tutorials [1 Pocket Guide
] PowerPoint Presentations [] License Documentation

6. Which data file is the grid element elevation and n-value attributes written to?

[] CONT.DAT [] TOLER.DAT
[] CADPTS.DAT [0 INFIL.DAT
[] FPLAIN.DAT [l CHAN.DAT

7. How can a FLO-2D data file (*DAT) be viewed?
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Part 2. Urban Floodplain Attributes

Buildings, Streets, Levees and Infiltration

Overview

In Part 2 of this lesson shows how to add urban features to the model.
These include buildings represented by area reduction factors (ARF) and
width reduction factors (WRF) attributes, streets, levees and infiltration
parameters. Save the FLO-2D data files after each editing step to avoid
the significant loss of data.

Required Data

The lesson requires the use of FLO-2D data files and aerial photographs
provided in the installation folders as follows.

File Content Location*
* DAT FLO-2D Data Files Example Projects\Lesson 2 2
Goat.tif Aerial photographs Example Projects\Lesson |

*Typically these folders are in installed under C:\Users\Public\Documents\FLO-2D Basic Documentation

Step-by-Step Procedure

To graphically edit FLO-2D urban attributes using the GDS follow these

steps.
e Open the Grid Developer System (GDS) program;
e Load the Lesson 2_2 project;
e Import aerial images;
[ ]

Graphically edit area reduction factors (ARF) and width reduc-
tion factors (WRF);

29 | Lesson 2.2




FLO-2D Model Lessons

e Add a street segment;

e Create a levee;

e  Graphically edit infiltration parameters;

e Save the FLO-2D data files and run the model.

Step 1: Open the Grid Developer System program

E

Double click the GDS Basic icon from the desktop.

Step 2: Load the model Lesson 2.2

Click the File menu in the GDS and select the Open Existing FLO-2D
Project command.

New Project »

Open . TOP Project...

Save ,TOP Project...

Save FLO-2D Files...
Run FLO-2D...

Run Mapper

Run PROFILES

Run RAIN

Browse to the folder C:\Users\Public\Documents\FLO-2D Basic Docu-
mentation\Example Projects\Lesson 2 2 and double click the file

FPLAIN.DAT.
J | - Examepject - lessn2 2 - v 23 [ searchLesson 22 2
Organze v  New folder v o
Name | Date modifed |m>e Is
Test

5/7/2013 10:26 PM  Fie foider

7/29/2009 10:43 AM  DAT Fie

< | 2

File name: [FPLAIN.DAT ~] [epLampam) -]

Open + Cancel I

The following dialog box will be displayed. Click OK to load the model
and display the grid system.
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FLU-2D Compaonents S

The following components will be loaded

= (G i
o |
i =
¥ Outflow elements r
¥ Inflow elements i
-

o o
~

LCancel

Step 3: Importing aerial images (see Lesson 1 - Step 4)

Step 4: Graphically edit Area Reduction Factor (AFR) and Width Re-
duction Factor (WRF) values

Single building assignment...

This assignment will simulate the loss of floodplain storage or flow ob-
struction due to buildings or other floodplain features. Zoom in on the
populated area north of the highway and see several large rectangles.
These features are buildings and a gas station. The thin rectangle at the
bottom of the red box on the following image is a pump station and does
not impact flood storage or flow. The buildings partially cover grid ele-
ments and will block the flow. Represent these features by editing ARF
and WREF values of the coinciding elements.
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Click Tools/Floating Variable Editor and click the Reduction Factors
tab. Use this variable editor to assign reduction factors for the buildings.

¢
BT Poams Vet Easmes T
fedoctan facton | abai [ MaceOuee

17 Compteis Fienx b Eicment

Analtudunce $soa 01
£~ erroibiriindes 4 SPTRE FI

Wt whown s
W R
[ e

I -

IO e

In this dialog box, it’s possible to completely block the grid element
(cell) from receiving any flow by checking the Completely Blocked Cell
box. To simulate a partial loss of storage on the grid element due to
buildings or other features, assign an Area Reduction Factor (ARF) from
5% (0.05) to 95% (0.95). If an ARF value less than 5% is assigned, the
FLO-2D model will automatically set the ARF = 0.0. Similarly, if an
ARF value greater than 95%, the FLO-2D model will automatically set
the ARF = 1.0.

The Width reduction factor (WRF) can be assigned in four directions
(north, northeast, east and southeast). The other four directions are
flow direstion. Por asample, assign a automatically assigned by the FLO-2D model from the contiguous
WERE walue for the east direc’tion and it | &rid element. The WRF values also vary from 0.0 to 1.0 (100% ob-
will be also be assigned as the west direc- | Struction to flow). When assigning the WRF values, remember that
tion WRF of the grid element to the east. the grid element is represented as an octagon for the eight flow direc-

Note: The model automatically recog-
nizes any WRF values from the opposite

tions.
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MULTIPLE building assignment. ..

Zoom in on the neighborhood north of the highway. Use the Select Ele-

ment Defined by Polygon | button to select the grid elements that coin-
cide with the neighborhood.

® FLO- 2D Grid Developer Systeni (2009) - C:\Program Files (xB6)\FLO-2D\Example Projects\tesson 22

12:4390
1021201

200§ a0

Click Grid/Assign Value to Selection/Area and Width Reduction factors
to load the following dialog box. Enter a .35 into the box and click OK.
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Area and Width Reduction Faciorsas

™ Completely Blocked Grid Element

Area Reduction Factor (ARFI 5=
[70% surface area loss: ARF=07] §

-

Width reduction factor (WRF)

Note: Do not assign WRF values us- N NE
ing the multiple grid element option. {0 ;]g = .
]
SE
Clear Al
o | cowe |

Save the FLO-2D files.

Step 5: Add a street segment

In this case the highway will be assumed to have a curb and gutter and
will function as a flood conveyance feature. Zoom in on the highway and
note that this is a two lane high-way but the 100 ft grid element will en-
compass both lanes and thus we will consider it to be a single street with
the assumption that it has a width of 40 ft. Click on the Create Street
Segment with Polyline option on the Tools menu.

Options »
Mcas;ure Distance along Line

Compute Average Point Rainfall Depth

Interpolate Variable Rainfall

Levee Express Editor
Floating Yariables Exptess Editor

Create Channel Segment with a Polyline

Create a Cross Section

Assign 3 HEC-RAS Cross Section to a Channel Element
Convert HEC-RAS ¥sec to FLO-2D

Convert HEC-RAS Channels to FLO-2D Channel Segments

Create Street Segment
| Create Street Segment with a Polyline |

Create Detention Basin
. oa -

The cursor changes from an arrow to a cross. Click grid element where
the highway starts on the left side of the grid system and drag the cursor
along the street. Follow the street as closely as possible. In this case try
and avoid street elements that meet at right angles. Double click the last
street element to finish the street.
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Once the street segment is created, define the street parameters by left
clicking anywhere along the street. Click the £dit Street Parameters.

Edit the global parameters in the top area of the dialog box as shown be-
low. Assign a global n-value = 0.02, street width, limiting street Froude
number and curb height. These values will be assigned to all the streets
unless they area superseded by individual grid element street assign-
ments in the lower box area.

Assign a street name Street name. Street intersections can be modeled
adding by additional directions within the grid element.

Steet global parameters
Global n-value for street flow. ’0.[]4 Maximum street Froude number. l1

Global street wadth: 140 Global curb height: !.G

™ Inflow hydrograph will enter street instead of floodplain element

Sheet local parameters

Stieet name [Highway 260

Number of elements r—————
in street Edi l
£ Element | Cub height

Flow direction from center of element and street width

0 0 0

™ Nothwest [~ Notth ™ Northeast 0 0 0
0 0 0

i 0 0

™ west ¥ East 0 0 0|
T 0 0 0

0 0 0

0 0 0

[V Southwest 1~ South ™ South
0

=

Remember to add the street flow directions by checkina the direction boxes to the left

3

If the street wadth 12 assigned zero value the global
sheet width 15 used as a default

NI
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Click the £dit button to assign individual grid element street attributes
(curb height, n-value and elevation) that will supersede the global as-
signment parameters.

Street Element Paramelers

Element Cwbm’ ’ n-value
1 316 0
2 330 0 0
3 344) 0 0
4 358 0 0
5 372 0 0
3 388| 0 0
7] 403| 0 0
5] 418 0 0
433 0 0
443| 0 0
465| 0 0
481] 0 0
Note: Validating the table does not Cutand Paste
save the STREET.DAT file. It only el | — GapCnen | oeioSucs
saves the table in the GDS. You
must still save the FLO-2D Files to o i | I o |
create the STREET.DAT file. I I ]
| i) [ |
foigsei o
L Concel |

Click OK to exit the Street Element Parameters and click OK again to
exit the Street Parameters dialog box. Click Yes to validate the table for
the GDS.

FLO-2D Grid Developer Systen x|

Would you like to validate the street variables now?

Yes No l Cancel |

Save FLO-2D files.

To view a profile of the street, click 7ools/Street Profile. Edit the eleva-
tion of grid elements that cause severe dips or mounds in the street pro-
file unless the dip or mound accurately reflects the situation.

10 x|
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Step 6: Create a levee

Levees can represent berms, roadways or railroad embankments, or
floodwalls. Any linear feature that can obstruct the flow and yet still be
overtopped can be modeled using a levee function.

Click View/Components/Reduction Factors to turn off the ARF’s.

Zoom in on the neighborhood to the southeast of the highway and see
that a brick wall is built between the homes and the highway. The task is
to create a levee to represent this floodwall.

Click Tools/Create Levee Segment with a Polyline.

Options »
Measure Distance along Line
Compute Average Point Ranfal Depth

Note: Levees are assumed to have
negligible width. If the storage loss
due to levees was considered to be
important, use ARF values in the lev-
ee node.

Interpolate Varable Ranfall

Levee Express Edtor
Foating Vanables Express Editor

Create Channe! Segment with a Polyline
Create a Cross Secton

Assign a HEC-RAS Cross Section to 2 Channe! Eement
Auto Assign HEC-RAS Cross Sectons to Channel Eements
Convert HECRAS Xsec to FLO-2D

Convert HECRAS Channels to FLO-2D Channel Segments

Delete HEC RAS Channels
Delete HEC RAS Cross Sectons

Create Street Segment
Create Street Segment with 3 Polyine

Create Levee Segment with a Polyine

Create Detention Basin

Mud and Sedement Transport

Evaporabon

MODFLO-2D Simulation

Hydraulc Structures >
Ran

Breach

NOFLOCS 4
Find Watershed

Create Foodplain Cross Sectons

Levee Profie
Street Profie

Draw a polyline along the wall to create a levee. Double Click the last

vertex to finisth the line.

Warning: Do not put levees perpen-
dicular to street elements.

: 1‘“ oy = S
& S

s, ok . P A et
g - e o o

Warning: Do not create redundant
levee elements. For example, do not
place a levee in the north direction of
one grid element and then in the
south direction of the grid element
above it.
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Enter a value of 4670.00 ft to set a Uniform crest elevation and click OK.

. Elevation Algorithm
@ {
e [7000 | Elevaton1
. € Interpolate

€ Use DTM ponts

ok | Conce

Step 7: Examine the profile of the levee

Select Levee Profile from the 7ools menu to view the levee profile. Then
click on the eastern most levee element.

Creoce suwet segment
Create Street Segment with a Polyline

Note: Use the levee profile plot to veri-
fy that the levee elevation and grid
element elevation make sense. If the
levee is only slightly above the grid
element, you may want to make ad-
justments to one or the other.

Create Detention Basin

Mud and Sediment Transport

Evaporation

MODFLO-2D Simulation

Hydraulic Structures »
Rain

Breach

NOFLOCS »
Find Watershed

Convert HEC-RAS Xsec to FLO-2D

Redraw Formatting

& Levee and Surface Elevations . =10 x|

Convert HEC-RAS Channels to FLO-2D Channel Segments
Street Profie

The levee profile plot shows the levee elevation compared to the coincid-
ing grid element elevation. The window shows that the levee has a con-
stant elevation. Use the Levee Express Editor to define the levee crest
elevation in the next step.

1182
1182
1182

1183
1183
1183
118§

Cr.e%\: am Gz‘gundn}:levacims o
] © o 0
- -~ - — - - -
o L e =

1158
1188
5
3
3

4670.0
4667.5
g 4665.0
el -
D
i 4662.5 |
© 4660.0
zl —
" 4657.5
4655.0 |
4652.5 |

4650.0 |

10

T T T T T T T
0 200 300 400 500 600 700

Aproximate Levee Distance (ft)

Step 8: Use DTM point data to determine levee crest elevation

Start by importing the dim.pts file from Lesson /. Click the Levee Ex-

press Editor _QJ button. Double click on any grid element that contains
a levee. Query individual DTM points using the 7rack Elevation Points
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¥ button. The elevation of the highest DTM point elevation and the
average of the 5 highest points in the grid element is available on the dia-
log box. Use this data judiciously to define the levee crest elevation.

Levee Data -
[ Grid element elevations in colored boxes

Max. Pt Elev.: {4688.00

Current Gnd Element l 633 Ave. High (5) Pts IW

Note: It is only recommended that
this feature is used when the DTM (465105 [e241 o2
data is dense and accurate. Do not ¥ Nothwest [ Noth [ NothEast

use this feature for walls.

4670 [0 [aen0

W
oo [aerss | Eadt [46653

™ SouthWest [~ South ™ SouthEast

{ 4665 36 | 4664 03 ] 4666 36
Assign levee crest elevation ] Select drechons
|4870 Select all ]
Assign to all Assign to selected
directions drections Unselect all I
Assign to Element I Close l

Step 9: Graphically edit infiltration parameters

FLO-2D can simulate infiltration using either the Green-Ampt or SCS
curve number methods. In this simple example, set up global infiltration
and create several impervious zones. An advanced infiltration tutorial is
provided in Lesson 7.

In this step add an impervious surface to populated neighborhoods, park-
ing lots and the highway. First, assign the uniform Green-Ampt infiltra-
tion parameters for the project area.

Zoom in on the west portion of the grid system from where the highway
enters it. Using the Select Elements Defined by Polygon L‘i‘;] button, se-
lect the grid elements that correspond to impervious areas. These grid

elements have a high percentage of impervious surfaces. From the Grid
menu, click Assign Values to Selection/Infiltration.

5 | ~
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Note that the global infiltration parameters are already set to default val-
ues and the default infiltration method is Green Ampt. Adjust the global
infiltration parameters at this time.

To assign the individually selected impervious grid elements, enter 1 in
the Impervious Area dialog box for the Floodplain Element.

Infiltration

Infilration Method
[¥ GreenAmpt [~ SCS Curve Numbes
The selected mfiltration method|s] will be the same for all grid elements

Global parameters
Initial Abstraction 'U.U Initial S aturation Ig]
Sod Porastty: 0.4 Final Saturation [1 0
Floodplain Hydraulic
Conduct (in/he) |0.1 Soll Suction |4 3
Channel Hydrauiic
Conduct fin/hr: 101 I=

¥ Gnd element infiltration
Hydradiic Conduct /bt [01
Capilartty Suction (in} m_——-
SolMoisture Defict [03
Rainfall Abstraction (i} [0
Impervious Area [1|_—
€ Channel Element r———

—

@ Floodplain Element

oK I Cancel
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Click OK and notice that the local infiltration areas are symbolized by
red cross-hatched grid elements. Hide the local infiltration grids by
clicking View/Components/Infiltration.

Step 10: Save the data files and run the model

Save the FLO-2D data files. To run the FLO-2D flood simulation, use
the Run FLO-2D... command in the F7/e menu.

New Project »

Open .TOP Project...
Open Existing FLO-2D Project...

Save .TOP Project...

Save FLO-2D Files. ..
m
Run PROFILES

Run RAIN

veate Folain.Dat 2 ! 7AdOTA NAT

Make sure all the correct component switches are turned on (Streets,
Levees, ARF and Infiltration).

Input the Simulation Time = 24 hr, Output Interval 0.25 hr (or 0.10 hrs
for more output intervals), select the Detailed Graphics option and input
Update Time Interval = 0.10 hr (or 0.05 hr to view the flood progression
more frequently) as shown.
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FLO2D Control Yariables

Time Control and Plot Variables
Simulation Time fhis): [10

Global Data Modification
n-vahue Adiustment: [0 Floodplain Limting

| Foude No. [0
Output Interval (bus) 0.1 FIOWD?:;?;:N Dep;ll:: [o Shallow Flow
;  Text Screen . ] nvalve: 102
Graphics Display G Detuiod Graphice Buking Concentration: {0
r I Backup Fis: Area Reduction Factor: |U I
System Component Switches Floodplain Display Options
! [” MainChannel {7 Area Reduction Factors [ARF) Pint Options: [No Floodplain Output ~|

W Stieets {~ Muliple Channels I~ Create Superciitical Output Fie
7 L (Rl and Gulies!

evees

Physical Processes Switches

Check "Main Channe!" to activate "Channel Print Options"

I~ Rainfall € Mud/Debris fie Sk 2|
¥ iinfilations € Sedment Transport |
~ e | Time Lapse Output
| Evaporation ’
™ Time L Output 0 Interval [hr: I
I~ MODFLO-2D Modeling R T
Graphics Display
Conveyance Structure Switches Select "Detailed Graphics" in "“Time Control and Plot
. Vanables" frame
I~ Hydraulic Structures

 F e Update Time Interval (hrs) l0.1
™ Debris Basin
Numerical Stability Parameters

Surface Detention |0.1
Percent Change in Flow Depth |0_1

Run FLO2D
(Save Files)

™ Animate Flow within GDS

Run FLO2D
[Do not Save Files)

Dynamic Wave Stabilty Coefficient: |[J_25

Save FLO2D
input files

Now click Run FLO-2D (Save Files) and monitor the floodwave progres-
sion over the project area. The inflow hydrograph will be plotted and the
volume conservation is reported during the simulation.
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T Maximumn
|| Flow Depths

DEPTH < TDL

Summary

In this lesson, the GDS was used to create and edit graphical features.
When building a detailed urban flood model, each grid element can be
modified to represent a specific floodplain feature such as a building,
street, obstruction, infiltration or levee. Each feature can affect the flood
distribution on the grid system. For large flood events, a lot of floodplain
detail may not be necessary as the flooding will cover the much of the
available floodplain anyway. For small flood events, more detail can en-
hance the flood map resolution.
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Review Questions

1. When it is necessary to revise grid element elevations?

2. Streets can perform in the model as which of the following? Check all that apply.
[] Conveyance channels [] Embankments
[]  Obstructions [] Storage loss features

3. Levees can function as which of the following? Check all that apply.

[] Berms [] Railroad embankments
[] Floodwalls [] Storage loss features
] Conveyance channels [] Detention basin dams

4. Which of the following are most likely to be assigned ARF values?

] Warehouse [] Mobile homes
[]  Beach houses on piles [] Parking garage
[:] Levees D Baseball stadiums

5. What methods are provided to compute spatially variable infiltration?

6. Street global parameter assignments such as curb height will override the individual grid
element street parameters? (True or False)

7. Which of the following will directly affect grid element flood storage?
[] Streets [J  Infiltration
[]  Buildings [] Levees

8. Floodplain details such as streets and buildings are more important to define the area of
inundation for shallow flow or deep flooding?
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LESSON 3 - GDS CHANNEL FROM SCRATCH

Overview

Channel routing is an essential tool in a FLO-2D project. The channel
component should be used when the defined channel geometry will con-
vey a significant portion of the flood volume. Channel flow is simulated
as 1-D with defined cross sections. The channel component is used to
simulate channel-floodplain exchange including return flow to the chan-
nel. This lesson will demonstrate how to create a channel from scratch
using the GDS by generating a channel segment, editing channel parame-
ters and modifying a channel segment.

Required Data

The six basic data files for FLO-2D floodplain model are provided for
this lesson. The files required to create a new channel are.

CONT.DAT

TOLER.DAT
FPLAIN.DAT
CADPTS.DAT
INFLOW.DAT (optional)

e OUTFLOW.DAT (optional)

Aerial imagery is an important tool to locate the channel with respect to

the grid system.
File Content Location*
*dat Grid System Data File Example Projects\Lesson 3
Goat.tif Aerial photographs Example Projects\Lesson 1

*Typically these folders are in installed under C:\Users\Public\Documents\FLO-2D Basic Documentation
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Step-by-Step Procedure

To build a channel in the GDS these steps should be followed.

Open the Grid Developer System (GDS) program;
Load the model Lesson 3;

Import aerial images;

Create a channel segment;

Realign the channel;

Edit channel segment parameters;

View and edit bed slope;

Input a channel inflow and outflow node;

Save project and run the FLO-2D model;
Confluence and NOFLOC’s.

Step 1: Open the Grid Developer System program

14
Double click the GDS Basic icon from the desktop. | s

N

Step 2: Load the model Lesson 3

Click the File menu in the GDS and select the Open Existing FLO-2D
Project command on the File menu.

New Project »

Open .TOP Project...

Save .TOP Project...

Save FLO-2D Files...
Run FLO-2D...

Run Mapper

Run PROFILES

Run RATH

Browse to the folder C:\Users\Public\Documents\FFLO-2D Basic Docu-
mentation Example Projects\Lesson 3 and double click the file

FPLAIN.DAT.

(% Select a FPLAINDAT file to open Ll x|
~ Exsmoie Projects ~ Lesson 3 + test v 13 [Seocriest p2

Organze v New foder S iy, o
Narre |ootemodfes | e &

& FPLAIN.DAT S/8/20138:35aM DAT Fie

< | 2

Fie name [[EEE0E =] [Franpan ki |

ot |
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The following dialog box will be displayed. Click OK to load the model
and display the grid system.

FLO-2D Components 7

The following components will be loaded:

~ ¥ Infilration
I= 5
¥ Sheets

-
¥ Outflow elements i
r

¥ Inflow elements

¥ Levees

:
|
J

LR RZR
[eied St |

I
e
.
L

Turn off the infiltration graphics by clicking View/Components
/Infiltration.

Step 3: Import aerial images (see Lesson 1— Step 4)
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Step 4: Create channel segment

Start by zooming-in on the upper left hand quadrant of the grid

system.
oy & T

B
A
d
3 v

Locate the natural channel on the aerial photo by zooming in on
the floodplain inflow node that is in the upper left quadrant. The
dotted line in the following figure shows the location of Goat
Camp Creek.

Note: The floodplain inflow node may
not correspond to the channel. You
can reassign the inflow node to the
channel later.

Select Create Channel Segment with a Polyline from the Tools
menu.
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zoom out and try again.

A

T

Note: If the autoscroll is too fast, & k-r 20

Step §5: Realign the channel

Note: Realign the channel before
editing the geometry data.

FLO-2D Model Lessons

Options » 4

Measure Distance along Line |

Compute Average Point Rainfall Depth
Interpolate Variable Rainfall

Levee Express Editor
Floating Variables Express Editor

Create a Cross Section

Assign a HEC-RAS Cross Section to a Channel Element
Convert HEC-RAS Xsec to FLO-2D
Convert HEC-RAS Channeks to FLO-2D Channel Segments

a®

Start the channel by clicking on the inflow node and then clicking
along the channel in the image. The channel elements are automat-
ically filled as click along the path of the polyline.

Double click the last channel element to accept the channel. As
the cursor moves to the edge of the screen, the grid system will au-
tomatically scroll in the direction of the cursor.

In order to realign the channel, click on the channel and click Rea-
lign Channel.

Edit Channel Segment Parameters
Modify Channel Segment
Delete Channe! Segment
Invert Channel Segment Direction

Realign Extensions

Plot Cross Section

Assign Cross Section Number
Plot 30 Channel

Clear Problematic Right Banks

49 | Lesson 3




FLO-2D Model Lessons

The channel feature will show dots in the middle of each channel
grid element. Click and drag the dot to the new channel element.
Click 4pply to accept changes.

Step 6: Edit channel geometry parameters

Once the channel delineation is complete, define the channel geometry
parameters. Click on any channel element within the segment to access
the editor dialog box.

Modify Channel Segment
Delete Channel Segment
Realign Channel

Plot Cross Section

Assign Cross Section Number
Plot 30 Channel

Select Edit Channel Segment Parameters to display the Channel Seg-
ment dialog box. Please note that there are data dependencies and the
grayed data will be turned on with the appropriate data selection. Refer
to the data Input manual for channel variable definitions.
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Channel Segment
Segment control
F Compute sc with
Maxamum Froude number [D i coefficient. |0 sediment transport routine I“—_
Intiel flow depth
Initiel flow depth for ell channel elements [u—
(™ Inttial Flow
Channel geometry = : = =
Edit Element [Shape| Roughness | Length | LB Elev [PEElev] Width .I
Number of channel 1 304
elements in 2 313 R 04 1207 20
3] 335 R 04 12071 20
4 350] R 04 12071 20
Interpolate Cross Sectons 5 366, R 04 12071 20
3 381 R 04 1207 20
Calculate Right Banks ] 2 395 R 04 12071 20
o 8 409 R 04 1000 20
Examine Right Banks 8 24 R 04 1000 ZUJ_'J
< »
Assign this Shepe | [ Totel channel
Lett benk elevation to Selection I r segmentlength: [4531 359
Right bank elevation
Average channel width [20
Thalweg chennel depth: |5
(ool : :
f f f [ [
RightBenkCell [
oK l Cancel |

For this project, the channel geometry will be defined as a rectangle. En-
ter a channel width and depth for each channel element. Click the Edit
button _E&t_| in the Channel Geometry group of the dialog box.

Use the Channel Geometry dialog box to enter the channel parameters.
For example, enter a rectangular channel depth of 5 ft and a width of 20
ft. To enter multiple values, simply highlight all of the channel element
boxes, and assign a value to the data input box to the left of the Assign

Assign this _y'_alue to
this Value to Selection __. ..5____!e'e°“°“' button and click on the button.
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Channel Geometry

Ao ss | L LBElev |RBElev| Width | Depth | X Sect. Lell'ilope‘l
20

Element | Shape]
1 304 R .0 100.0 5
2 319 R .04 12071 20 5
3| 3B R 04 12071 20 5
4 »0| R 04 12071 20 5
5| E} R .04 12071 20 5
. 6| 381 R .04 100.0 20 5
Note: The channel element pumber — o " :
can only appear once in the 8409 R 04 1207 20 5
CHAN.DAT file. To create a channel S N 1
confluence with a tributary channel it M 755 ) 0 1207 2 5 ﬂj

is necessary to locate the last tribu- T

tary channel elgment contiguous to a I e oot I e
main channel in one of the 8 flow Row Rows
directions.

| | | |
i | oo |

Click OK to close the Channel Geometry dialog box and click Yes to val-
idate the channel data entries and close the Channel Segment dialog box.

FLO-2D Grid Developer System s x|

Would you lie to validate the channel segment variables now?

Yes No I Cancel I

Step 7: View and edit bed slope

Click File/Save FLO-2D Files... Save the files in a test folder. Click
File/Run PROFILES.

New Project »

Open .TOP Project....
Open Existing FLO-2D Project...
Save TOP Project...

Save FLO-2D Fles...
Run FLO-2D...

Run Mapper
Run RAIN
Create FPiain.DAT and CadPTS.DAT

Import Image v
Import Elevation Ponts >
Import Shape Fe...

Import Ran Arcinfo ASCII Grid Fe...
Import HEC-RAS Channess...

Import CAD Graphic Elemerts...

Save Elevation Points...

Export..
Ext

Click Yes to run PROFILES.

wn
[\
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F10_2D Grid Developer S x|

0 PROFILES requires channel segments.
Save FLO-2D fies ¥ channel segments have been modified (in 'Fle.
Save FLO-2D fies')
Would you lke to run PROFILES now?

Yes I No

On the PROFILES window, click View Segment Bed Slope.

110 20 CHANNEL BED AND WATS 8 S5105 A s GO 1 ES s AR S B R ] =181 %

The bedslope is shown in the following figure. The image shows that the
bedslope is not always positive and becomes fairly steep. The spikes in
elevation are caused by the higher elevation of the grid element associat-
ed with the channel. The red arrows show areas of concern that can be
edited in the PROFILES program. The arrows are graphics and will not

show up in PROFILES.
11020 CHANNELBLO AND WATER SURIACEBROFILES - STEY
Save DX Pt View Segment Bed Siope Ve Local Reach Rver Mies [
Channel Bed Profile FLO-2D Channel Bed

v R

Click View Local Reach and see that the cursor has changed to a vertical
arrow. Align the arrow with the first spike and click the left mouse but-
ton.
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Click View/Edit Xsection Data to bring up the following dialog box. The
white boxes are values that can be edited in the PROFI/LES program.
Editing the Bed Elevation of the channel in this box will result in edited

grid element elevation in the fplain.dat file for grid element 335.

£ dit Channel Bed B on x|
Node 335 Upstrm Bed Elev. 4708 60

ode 4] |BedElevaton [ a7ices,
5 |Dwnsiim Beg Elev 470430
T LetBankElev [ 000
33|  RightBankElev 0.00
350] Channel Depth | 5.00
366 nvalue [ 0,040
381 Chennel length | 12071
395 | Reach Lengtn | 2811

View/Edit cross section deta ¢ l
Interpolate slope

Manually edit the slope by entering a value in the Bed Elevation box and
clicking £dit or linearly interpolate the slope between 2 grid elements by

clicking the S/ope button.

In the interpolation dialog box Enter the Upstream element and the

Downstream element and click interpolate.

u-k-« t Channel MH 1t
Interpolate between upstreamn and
downstream chennel elements.

Upstream EE] E
Downstream 350 E

owe]  [E]
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Repeat this procedure until the channel bed slope profile has no more
spikes or steep elevations. Pan along the zoomed channel using the UP
and DOWN arrows on the keyboard.

The finished channel bedslope has no spikes or steep slopes and the final
channel element is lower than the contiguous upstream element.

I
Channel Bed Profile FLO-2D Channel Bed

Click the Save button and select the Replace the files radio button to save
the data changes and save over the existing chan.dat and flplain.dat files.
Click Exit to close the PROFILES program.

Replace Files i - x|

Itthe channel bed slope was modified
remember to replece the CHAN DAT and
FPLAIN DAT with the modified files
CHAN NEW and FPLAIN NEW.

@ Replace the files

|
|

The data files were edited outside the GDS so it is necessary to reload the
project in the GDS. On the GDS window, click File/Open Existing FLO-
2D Project...

Save .TOP Project...

Save FLO-2D Fes...
Run FLO-2D...
Run Mapper
Run PROFILES
_RUDBAIN. s N )

(9]
W

I < 1 )
1.€SS0on 5
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Do not save the project. Click No

Grid Developer System x|

9 Save changes to project?

’ Yes I No ] Cancel

Navigate to the project folder and click Open.

£ Sekect a FPLAIN.DAT fike to open o1 x|

g‘ ¥ FLO-2D ¥ Example Projects v Lesson 3 v TEST v & | Search TEST s
Organze ¥  New folder =i 2]

FLO-20v20 4] name - lmm ]W

Uibraries
Documents
FLO-2D

< Musc
- Pictures
B videos

2% Homegroup

A computer
L HP(C)

FACTORY_IM LI <« ] _,_l

Fiie name: [FPLAIN.DAT | [Fotamnoan ~|

Open v Cance! I

Step 8: Input a channel inflow

The channels can have multiple inflow hydrographs at various locations.
For this project, re-assign the floodplain inflow hydrograph to a channel
node. Right click on the first channel element of the segment and click
In/Out Condition for Element ****,

NOTE: Your element may not be _1
#304. Reservoir Water Elevation for Element 304

Change the inflow node from a floodplain node to a channel node by
clicking the Channel radio button and click OK.
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 inflow lemen wih ycrograpt]

¢ Outflow element [no hydrograph)
¢ Outtlow element with hydrograph [drversion)
© Qutflow element with stage-time relationship

¢~ Outflow element with stage-time and free
floodplain and channel

€ Floodplain| & Channel| €

© Channel outflow element [with stage-discharge)

¢ No inflow/outflow condition

Step 9: Save project and run the FLO-2D flood simulation

To Save the project click the Save FLO-2D Files... command in the File
menu.

New Project »

Open .TOP Project...
Open Existing FLO-2D Project...

Save ,TOP Project...

Run FLO-2D...
Run Mapper
Run PROFILES
Run RAIN

“~ate FPlain,Dat and ~AdPTS PAT

Create a new folder in the Example Projects subdirectory called Channel
Test (or any name) and save the data files. Avoid overwriting the data
files of other Example Projects in order to use them later.

To run the FLO-2D flood simulation, use the Run FLO-2D ... command
in the File menu.
New Project »

Open ,TOP Project...
Open Existing FLO-2D Project...

Save .TOP Project...

Save FLO-2D Files...
Run FLO-2D

Run Mapper
Run PROFILES
Rim RAIM

The main control dialog box will. Note the Main Channel box has been
checked in the System Component Switches Group. This switch enables
the channel flow to be simulated. Input a Simulation Time = 24 hr, Out-
put Interval 0.25 hr (or 0.10 hrs for more output intervals), select the De-
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tailed Graphics option and input Update Time Interval = 0.25 hr (or 0.05
hr to view the flood progression more frequently) as shown.

FLOZD Control Yariables g
Time Control and Plot Vaniables ] Global Data Modification !
Simulation Time [his) |24 ; " Floodplain Limiting i
an v:nAdmlmert |IJ Fioude No: [0_—
w Depth for Depth
Output Interval [hrs): 10,1 | Difalior Andiie ]n ShaﬂowFlfm —
n-value: I .
Graphics Display :.: I‘;z‘ﬂi‘;”;‘ ! Bulking Concentration: IU
r I~ BackupFie Area Reduction Factor IU I
System Component Switches Floodplan Display Options 7
% Main Channel [~ Avrea Reduction Factors (ARF} Pant Options: {No Floodplain Output k2| ‘
A Mo Chareel [~ Create Supercitical Output File
™ Levees AR
Channel Display Options -
Check "Main Channel" to activate “Channel Print Options'
Physical Processes Switches Charnel Print
™ Rainfal C Mud/Debris Options: INo Channel Output _:J !
¥ Infitration € Sedment Transport
e ;  Nore f Time Lapse Output
vaporation
¥ 0 Interval
[ MODFLO-2D Modeling I Time Lapse Output utput Interval fhis] [0 i
Graphics Display
Conveyance Stiucture Switches
Select 'Detailed Graphics” in ""Time Control and Plot
™ Hydraulic Structures Vanables" frame
™ Floodway A
ey Snses Update Time Interval [hrs) |0.1
T~ Debris Basin
Numerical Stability Parameters
Surface Detent |0.1
bt =tk Dynamic Wave Stability Coefficient: h
Percent Change in Flow Depth |0A2
™ Animate Flow within GDS Run FLO2D I Run FLO2D Save FLO2D
IR S S HEw (Save Files] Do not Save Files) input files Close

Now click Run FLO2D and observe the flood progressing down the
channel and overtopping the banks. The volume conservation and inflow
hydrograph can also be monitored.

Step 10: Create a channel confluence and define NOFLOC’s

Channel confluences (or split flow channel) require channel elements as
neighbors in three or more flow directions. The model searches all eight
flow directions for potential contiguous channel elements.

Before creating the new channel, delete all outflow nodes on the north-
west half of the grid system. Zoom-in on the top right corner of the grid
system. There is a creek running north to south. Create a channel for
this creek that has a confluence near the highway. Assign the channel
geometry similar to the method used in Step 6. Once the new segment is
created, the last channel element of the original channel will be a neigh-
bor to one or more of the new channel elements.

A careful examination of the channel elements will reveal that there are
some channel elements that are neighbors but should not share discharge.
These channel elements must be identified as ‘no flow sharing channel
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elements’ or NOFLOCs. NOFLOCs are defined as channel element that
are contiguous but will not share discharge during the flood simulation.

The GDS will automatically identify all the potential NOFLOC pairs that
may be required.

i 2 [ P TR e i 2 3 = ¥ N

Note: Each channel grid element
should only be listed once in the
CHAN.DAT file.

The red lines in the following image indicate that two pairs of channel
elements (one channel element is common to both pairs) that should not
share discharge and need a NOFLOC assigned.

Note: The red lines connecting the
noflocs will not be seen in the GDS.
They are added to the image graph-
ically.
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To make adjustments to the NOFLOC assignment, click
Tools/NOFLOCS/Unassign.

# FL0-2D Grid Developer System (2009) - C:\Documents and Settings\Jim\Desktop\Channel

Fle View Desgn Grid , Tools Help

Dle(E] alRy o .

Measure Distance along Line

Compute Average Point Rainfall Depth

Interpolate Variable Rainfall

Leves Express Editor
Floating Variables Express Editor

Create Channel Segment with a Polyline

Create a Cross Section

Assign a HEC-RAS Cross Section to a Channel Element.

Convert HEC-RAS Xsec to FLO-2D

Convert HEC-RAS Channels to FLO-2D Channel Segments

Create Street Segment

Create Street Segment with a Polyline

Mud and Sediment Transport
Evaporation

MODFLO-2D Simulation
Hydraulic Structures

[

Find Watershed
Create Floodplain Cross Sections

Leeve Profie
N Street Profile

bemTs [Tieriaars  feet [ [ [ |

T

T

Click OK on the following dialog box and then click the unnecessary
NOFLOC channel element to remove it.

FLO_2D Grid Developer : ‘ i .X_‘

1) ClickaNOFLOC grid element to unassign &

el

The green line shows the two channel elements that can now share dis-
charge. The green line is not shown in the GDS. It was graphically add-
ed to the image.

Note: The NOFLOC list is found at
the end of the CHAN.DAT file. Re-
view this list if you need to make
sure that the NOFLOC pairs have
been correctly assigned.
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NOTE: Your element may not be
#4759.

FLO-2D Model Lessons

channel outflow node

For the channel outflow node, right click on the last channel element of
the 2™ channel segment. Click the /n/Out Condition for Element ****
button.

Fill in the dialog box as shown below and click OK.

In/Out Condition for Grid Elemient 1187

€ |nflow element with hydrograph

& Outflow element (no hydrograph)

€ Dutflow element with hydrograph [diversion]
" Qutilow element with stage-time relationship

¢~ Outtlow element with stage-time and free
floodplain and channe!

: Floodplain and !
 Floodplain © Channel e

Note: By assigning a channel outflow
node with no hydrograph, it is as-
sumed that the channel outflow dis-
charge will be computed as normal
depth. The inflow to the channel out-
flow will be discharged off the grid
system using an estimate of normal
flow depth.

€ Channel outflow element (with stage-discharge)

" No inflow/outflow condition

e
PO
s |
B
]f___— fie
’T] Cancel l

The elevation of the channel thalweg associated with a channel outflow
node must be lower than that of the upstream node. When the channel
geometry is set to rectangular or trapezoidal, the GDS assigned the thal-
weg elevation relative to the grid element elevation. In order to ensure
the thalweg elevation of the outflow node is lower than the upstream
node, it may be necessary to lower the grid element elevation of the out-
flow node.
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This example project covered the steps to build a simple rectangular
channel. It demonstrates the ease of creating channels with the GDS.
There are additional channel defining tools available in the GDS. For
Example, the GDS can also import and interpolate natural channel ge-
ometry. It is possible to import channel profiles and cross sections from
HEC-RAS and define bank elements elevations and locations.
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Review Questions

1. Describe 2 ways to set the bank element elevation for a rectangular channel. Which is
default?

2. Two-dimensional channel flow in FLO-2D is simulated in an algorithm similar to the
HEC-RAS unsteady flow model? (True or False)

3. Describe 3 methods to edit the bedslope of a channel?

4. What are the four types of channel cross section used in the FLO-2D model?

5. The XLEN variable in the CHAN.DAT file represents which of the following?

[] Channel length between cross sections
[] Channel top width
[] Channel length inside the grid element
[] Distance between the centers of channel nodes
6. Each channel must have an inflow and outflow node? (True or False)

7. A description of NOFLOC assignment can be found where? Check all that apply.

[] Data Input Manual Chapter 2
[] Basic Channel webinar video
[ ] Channel PowerPoint presentation in the FLO-2D Help folder.

8. The channel default n-value 0.04 is reasonable? (True or False)
9. What are NOFLOC’s?

10. When is it necessary to unassign a NOFLOC?
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LESSON 4 — HEC-RAS CROSS SECTION CONVERSION

Overview

Many FLO-2D projects require improving existing flood hazard maps by
using an integrated channel and floodplain flood routing analysis. For
some of these projects, the HEC-RAS cross sections will be used to con-
struct the channel data base. This lesson will show how to automatically
create a FLO-2D cross section file (XSEC.DAT) from an existing HEC-
RAS file. This is straightforward process that involves locating the origi-
nal HEC-RAS geometry data file and converting it to the XSEC.DAT
file.

Required Data
A HEC-RAS cross section file will also be needed for this lesson.

File Content Location*
Houston.g06 HEC-RAS Cross Section File  Example Projects\Lesson 4

*Typically these folders are in installed under C:\Users\Public\Documents\FLO-2D Basic Documentation

Step-by-Step Procedure

To convert HEC-RAS cross section data to an XSEC.DAT file using the
GDS, follow these steps:

Open the Grid Developer System (GDS) program;
Access the cross section conversion application;
Load the HEC-RAS cross section file;

Save the XSEC.DAT file;

Verify the new cross section data.
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Step 1: Open the Grid Developer System program

.4

Double click the GDS Basic icon from the desktop.

Step 2: Convert HEC-RAS Cross Section

The CHAN.DAT file does not have to exist to create the XSEC.DAT file
from HEC-RAS file using the conversion tool. Click on ‘Convert HEC-
RAS Xsec to FL.O-2D’ command under the ‘7ools’ menu.

Create treec segnemn

Create Street Segment with a Polyline

Create Detention Basin

Mud and Sediment Transport

Evaporation

MODFLO-20 Simulation

Hydraulic Structures »
Ran

Breach

NOFLOCS »
Find Watershed

Convert HEC-RAS Channels to FLO-2D Channel Segments

Leeve Profile
Street Profile

A dialog box to initiate the conversion will appear. Click on the type of
HEC-RAS file that is to be converted. In this case it is a typical HEC-
RAS file with a *.g?? extension.

Hec-Ras-->FL0-20 Cross e

€ Convert GEO-RAS File
@ Convert HEC-RAS File

Close I

Click on the ‘Convert’ button to locate the HEC-RAS file (Houston.g06)
to be converted. This file located in the Lesson 4 subdirectory along
with the other project data files.
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WARNING: The HEC-RAS
cross sections are probably or-
ganized from downstream to up-
steam. If this is the case, it will
be necessary to rewrite the
XSEC.DAT from upstream to
downstream.

FLO-2D Model Lessons

Import HEC-RAS cross sections ey 21 x|
Look in: [ ) Lesson 4 R R sl = 2
Fiie name {houston.q08 =l 'L
Flesoftyoe:  [Archivo HEC-RAS [*.g??) | Cancel
I~ Open as read-only

Click on the ‘Open’ button to display a second dialog box to select the
FLO-2D data file name to be saved.

X
) + Exampe Projects ~ Lesson 4 v §23 | search Lesson 4 £
Organze v New folder v
Name I Date modified I Type I §
No items match your search.
< | 1|
Fie name: =z
Save as type: IArdno FLO-2D (*.dat) ?l
~ Hide Folders Save I Cancel [

Enter the File Name: XSEC.DAT’ and click the ‘Save’ button and the
following dialog appears confirming the conversion to the FLO-2D data
file format is completed.

This completes the HEC-RAS cross section data file.conversion process.

Step 3: Validate Cross Section Data

Open the XSEC.DAT file with any text editor such as WordPad® or Ul-
traEdit®. The cross section data will look something like the following:

X 19

1000.00 4670.00
1200.00 4666.00
1300.00 4664.00
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NOTE: The program may
not need all the HEC-RAS
cross sections that were writ-
ten to the XSEC.DAT. Re-
view the XSEC.DAT and de-
lete any unnecessary cross
sections.

Summary

155.04 664.00
1590.00 4660.00
1600.00 4659.00
1610.00 4660.00
1635.00 4668.00
1665.00 4670.00

Each cross section begins with an identification character ‘X’ and a cross
section number ‘19’ on the first line. Subsequent lines contain station and
elevation data. Some of the cross sections are missing a cross section
name. The conversion program did not print the name on all cross sec-
tions because it was missing from the HEC-RAS data. The GDS Pro uses
the Rivermile instead of the description so all cross sections get a name.

Check that each cross section for the appropriate data. For example, the
HEC-RAS data may not be spaced uniformly because it is missing a dec-
imal place. This can cause the conversion to shift a decimal place. Make
sure the station data in column 1 is always increasing. In the following
corrected data file, see that the name was added in line 1 and the station
(1550) and elevation data was corrected as underlined below:

X 19  Goatl9
1000.00 4670.00
1200.00 4666.00
1300.00 4664.00
1550.00 4664.00
1590.00 4660.00
1600.00 4659.00
1610.00 4660.00
1635.00 4668.00
1665.00 4670.00

This lesson demonstrated how to extract and convert HEC-RAS cross
sections to the FLO-2D XSEC.DAT file. Once this process is complete
review the XSEC.DAT file, remove any unnecessary cross sections and
proceed to locate the cross sections in the GDS with respect to the pro-
ject channel. Then in the GDS outline the channel and perform the cross
section interpolation. It may also be necessary to review the cross sec-
tions to ensure that they have appropriate top of bank elevations.
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Review Questions

1. True or False? Each channel element must have a surveyed cross section?
2. True or False? FLO-2D will use all the HEC-RAS cross sections?
3. Which portion of the HEC-RAS cross section does the FLO-2D model use?

4. True or false? FLO-2D requires a name for each cross section?

5. True or false? HEC-RAS cross sections may be spaced closer together than the FLO-2D
grid element spacing?

6. True or false? HEC-RAS cross sections may be spaced farther apart than the FLO-2D
grid element spacing?

7. The HEC-RAS cross sections are primarily important in the FLO-2D model for which of
the following?

[l Channel length inside the grid element
[] Channel cross section flow area

[] Channel n-value

[] Channel energy slope

[] Channel surface area

8. Complete this statement: “The HEC-RAS cross section data must be edited if the flood-
plain elevations are...”

9. True or False? If the HEC-RAS cross sections are separated by more than one grid ele-
ment, the cross section data must be interpolated?
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LESSON 5 — PROFILES CROSS SECTION INTERPOLATION

Overview

Required Data

Content

Note:

In GDS 2009 the cross section interpolation is automated. It is no longer
necessary to perform the initial interpolation as described in this work-
shop. It is still possible to perform those steps and that is why they are
presented here. It is also possible to perform interpolations between one
or more cross sections and that is described in below the automatic inter-
polation steps.

In most river-reach data bases, there is only one surveyed cross section
for every five to ten channel elements. It is necessary therefore to inter-
polate cross section elevation and geometry for those channel elements
between the surveyed cross sections. Between two surveyed cross sec-
tions, the channel geometry is variable and thus interpolating between
the surveyed cross sections enables the channel elements to have a
unique cross section shape. This lesson shows how to use the PROFILES
program to interpolate cross section data and link it to the channel ele-
ment data.

The profiles program requires the six basic data files plus two channel
files. These files already exist and are found in the folder Lesson 5.

CONT.DAT e CHAN.DAT
CADPTS.DAT e XSEC.DAT
FPLAIN.DAT

TOLER.DAT

e INFLOW.DAT (optional)

e OUTFLOW.DAT (optional)

* dat

Grid System Data Files

Location*
\Example Projects\Lesson 5

*Typically these folders are in installed under C:\Users\Public\Documents\FLO-2D Basic Documentation

Step-by-Step Procedure

To interpolate cross section data using the PROFILES program follow
these steps.
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Create a new project folder

Open the FLO-2D GDS and load the Lesson 5 project;
Examine pre-interpolation channel data files;

Open the PROFILES program;

Automatically interpolate all cross section data;
Examine the post-interpolation channel data files;
Edit a cross section;

Manually interpolate between two cross sections.

Step 1: Create a new project folder

In Explorer, copy the folder C:\Users\Public\Documents\FLO-2D Basic
Documentation Example Projects\Lesson 5 and rename it to Lesson 5. 1.
If irreparable mistakes are made, start over with the Lesson 5.7 folder.

Step 2: Open the data files in NotePad
Browse to the folder Lesson 5 and open CHAN.DAT and XSEC.DAT in

NotePad.
Wil =l0fx|
Q‘ )@ | v FLO-2DBascDocumentaton - ExampleProjects ~ Lesson§ v m' Search Lesson 5 2
Organze v @Opw Sharewith v Pt E-mal  Bun  New folder ES '
Name Date modified ! Type ‘ Sze 1 l
% CADPTS.DAT 4/8/2003 12:29PM  DAT Fie 61KB
1112009 4:42 PM
® CHANBAMK.DAT 5/27/2009 11:38 AM  DAT Fie 1KB
® CONT.DAT 11/1/2009 4:38PM  DAT Fie 1B
® FPLAIN.DAT 5/6/2009 1:07PM DAT Fie 878
® INFLOW.DAT 11/1/2009 4:41PM  DAT Fle 1B
® OUTFLOW.DAT 11/1/2009 4:42PM  DAT Fie 1B
® TOLER.DAT 10/28/2007 1:26 PM  DAT Fle LKB

57272009 11:39 AM  DAT File

-
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Step 3: Examine the pre-interpolation channel data files

=

Fle Edit Format View Hep

| 0.00 0.70 0.00

N 1477 0.040 100.00
1444 0.040 100.00
1408 0.040 100.00
1369 0.040 100.00
1330 0.040 100.00

zZZZZ

&

[=Xelole) o

FLO-2D data files.

Note: The use WordPad, NotePad or
any text editor to view and edit the

913  0.040 100.00
863 0.040 100.00
815 0.040 100.00
768 0.040 100.00
721 0.040 100.00
675 0.040 100.00
630 0.040 100.00
586 0.040 100.00
542 0.040 100.00
500 0.040 100.00
100.00
417 0.040 100.00
377 0.040 100.00
338 0.040 100.00
298 0.040 100.00
260 0.040 100.00
224 0.040 100.00
189 0.040 100.00
154 0.040 100.00
119 0.040 100.00

85 0.040 100.00

PZ2222222222222222222
&~
w
o
o
o

[
LOOOOO\OOO@OC\JOOOO\OU\OOM

o

[ XSECDAT - Notepad i =101 x|
Fie Edt Fomat Vew Heb

| | x 1 55-10 -

Ll ¥

Warning: Natural river cross sec-
tions should have at least 10 points
to define the channel geometry. If
there are less than 6 points, the in-
terpolation will fail. :

The 0’s in the last column of the CHAN.DAT file represent channel
elements that do not have an assigned surveyed cross section. In
the following steps, an interpolated cross section is created for each
channel element and replace the 0’s.

In the XSEC.DAT file, there are only 10 surveyed cross sections.
These are assigned to the CHAN.DAT in the last column. Assign-
ments are based on the geographical location of the cross section
coordinates in proximity to the channel element coordinates. The
first and last channel elements in a segment should have a surveyed

or cut cross section.

Step 4: Load the Project in the GDS and run the PROFILES program

Double click the GDS Basic icon from the desktop. s

New Project
Open .TOP Project...

Save .TOP Project...

Save FLO-2D Files...
Run FLO-ZD...

Run Mapper

Run PROFILES

Run RATH

i

Click the File menu in the GDS and select the
Open Existing FLO-2D Project command on
the File menu.
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Browse to the folder C:\Users\Public\Documents\FLO-2D Basic Docu-
mentation Example Projects\Lesson 5 and double click the file

FPLAIN.DAT.

(& Select a FPLAIN.DAT file to open e x|
(9% ;| ~ ExampleProjects ~ Lesson 5 - test v 23 | search test i)

Organze v  New foider v L 2
Name I Date modified ] Type s

® FPLAIN.DAT 5/7/2013 1:08PM  DAT Fie

< d i

File name: |FPLAIN.DAT ~| [epLanpan |

Open vl Cancel J

From the GDS, click the File menu and click Run PROFILES.

New Project »

Open Existing FLO-2D Project...

Save FLO-2D Fles...
Run FLO-2...
Run Mapper

Run RAIN
Creata FPlan DAT and CadPTS.DAT
Import Image >

P patBevate VT T N

Initially, the PROFILES program will display a blank screen with a
toolbar showing options to View Segment Bed Slope or Interpolate
Segment Slope/Shape.

D CHANNEL BED AND WATER SURFACE PROFILES
Save Exit Print View Segment Bed Slope  Interpolate Segment Slope/Shape

3% PR =100 x)

1.0

Click the View Segment Bed Slope ViewSegmentBedSlope | tyy,110n to
display the initial bed profile. Notice the stair step pattern. This is
the bed slope of the channel. It indicates that there are no cross
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sections between the surveyed cross sections resulting in a flat
slope.

F10-20 CHANNEL BED AND WATER SURFACE PROFILES vk PR =10l x|

- Sve Bt Pt View Segment Bed Sope  Interpolate Segment Slope/Shape  View Local Reach River Mies

Channel Bed

159%
1444
1369

0

1

1

p b

4

s

a

GRID
ELEMENT

Step 5: Automatically interpolate cross section data

Click the Interpolate Segment Slope/Shape Interpolate Segment Sope/Shape
button and the following dialog box will appear. This states that
the original cross section names will begin with an X- to help iden-
tify surveyed cross sections. Click OK.

Cross Section Name .;

The original [surveyed] cross sections are now
identified with a %" preceding the name.

PROFILES will automatically locate the surveyed cross section
data and interpolate the cross section geometry and elevation
(thalweg slope) to all those channel elements between the surveyed
cross sections within the segment. Notice the bed slope of the

channel has been smoothed out compared to the previous staircase
pattern.
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FLO-2D CHANNEL BED AND WATER SURFACE PROFILES

Channel Bed Profile FLO-2D

14494
6
1289
1200
1108
213

1011

1507

€15

&30
8

?

4

Channel Bed — M —

=loix|

85

GRID
ELEMENT

Click the Save button and the following dialog box will appear.
This box states that the original data file was preserved. Click OK

and the second box appears.

button and click OK.

Note: The original cross sections may
extend beyond the channel banks
across the floodplain. If floodplain
cross section stations have elevations
beyond the top of bank elevations,
those stations should be deleted

Note: Do not replace the CHAN.DAT
and FPLAIN.-DAT files unless backup
files have been created.
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Save Cross Section Data

i 2

The cross section data will be saved in the file
XSEC.DAT. Each gnid element will be assigned
a cross section and the cross section number
will be the grid element number. The XSEC.BAC
file will contain the original cross section data.

Sefect OK to save all the
channel slope adjustments.

Cancel I

Replace Files B x|

.

If the channel bed slope was modified,
remember to replace the CHAN DAT
and FPLAIN.DAT with the modified files
CHAN NEW and FPLAIN.NEW

¢+ Replace the files

Click the Replace the files radio
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Step 6: Examine the post-interpolation channel data files

Reopen both files in NotePad. Notice that the cross section data is

filled in the last column of the CHAN.DAT file and there are now ‘
34 cross sections in the XSEC.DAT file. The cross sections with

an X- in the name are surveyed and the others are interpolated.

B [= 57| [ A XSEC.DAT - Hotepad i =1olx|
Fle Edt Format Wew Heb
[ 0.00 0.70 0.00  —— | S 1_x-55-10 -
N 1477 0.040 100.00 | 1 - BEE ‘
N 1444 0.040 100.00 | 2 i.4 12,32 ‘
N 1408 0.040 100.00 | 3 a1 11
N 1369 0.040 100.00 | 4 11.8 9.24
N 1330 0.040 100.00 | 5 26.4 7.24
N 1289 0.040 100.00 | 6 27.5 6.58
N 1245 0.040 100.00 | 7 30.5 6.41
N 1200 0.040 100.00 | 8 31.5 7.28
N 1154 0.040 100.00 | 9 46.4 7.43
N 1108 0.040 100.00 | 10 55.0 7.38
N 1060 0.040 100.00 | 11 82.8 11.19 \
N 1011 0.040 100.00 |12 |
N 963 0.040 100.00 | 13 X 2 ss-10
N 913 0.040 100.00 | 1a :
N 863 0.040 100.00 | 15 1.4 12.20
N 815 0.040 100.00 | 16 4.1 10.23
N 768 0.040 100.00 | 17 11.8 5.36
N 721 0.040 100.00 | 18 26.4 6.37
N 675 0.040 100.00 | 19 275 6.40
N 630 0.040 100.00 | 20 30.5 6.29 |
N 586 0.040 100.00 | 21 31.5 6.41
N 542 0.040 100.00 | 22 6.4 6.56
N 500 0.040 100.00 | 23 55.0 8.43
N 458 0.040 100.00 | 24
N 4i7 0.040 100.00 | 25 X 3 55-10
N 377 0.040 100.00 | 26 070 >
N 338 0.040 100.00 | 27 1.4 12.09
N 298 0.040 100.00 | 28 4.1 10.12
N 260 0.040 1090.00 | 29 11.8 8.25
N 224 0.040 100.00 | 30 26.4 6.25
N 189 0.040 100.00 | 31 27.5 6.29
N 154 0.040 100.00 | 32 30.5 6.18
N 119 0.040 100.00 | 33 31.5 6.29
N 85 0.040 100.00 | 34 46.4 6.44
) 55.0 8.32
%
. L of

Step 7: Edit cross section data

Click on the Pre-Processor pull down menu and click on
PROFILES.

On the PROFILES window, click View Segment Bedslope button
and then click the View Local Reach VewlewReach! hytton on the
Toolbar. Notice the cursor changes from a standard arrow to a thin
vertical arrow. Click the location shown on the screen to zoom in
on a reach of 10 channel elements (5 upstream and 5 downstream
of the cursor location).

77 | Lesson 5

00000000000000000000000000000000000000000000
2




FLO-2D Model Lessons

FLO-2D CHANNEL BED AND WATER SURFACE PROFILES

View Local Reach

Channel Bed Profile FLO-2D Channel Bed

1444
36
128
200
1108
1011
913
818
30
S42
i5
377
224
s
85

-
o
n
~

GRID
e ELEMENT

— T Vu PRl =10/ x|

Click on View/Edit Xsection Data ViewfEdit¥sectionData | pyiton to
view the following dialog box.

Edit Channel Bed Elevation x|

Node: 1060 Upstim Bed Elev: 492

T, i
7209 wnstim ev: 472
1265 | LeftBankElev] 1157

1200]  RightBank Elev:| 892
1154 Channel Depth: | 4.27

1108 n-value: l 0.040
1060 Channel length: FTW
1011).7] Reach Length [~ 71500
View/Edit cross section _Xsec_|
Interpolate _____J
Edi

Next, click on the Xsec _Xsee | button in the dialog box to view the
cross section data and plot.
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=101

Node [ 700 Xsec 2
KsecNeme Re8
........... _Up]| _Retun| ODown|

~| | o & w| x| =]

\
\

N\ A 0w [ om
N Raise/lowet ysechon] [ 0.00

\\ 1008 and Xsecton iniapolatc

N Intemolata slope or Xsecton

shaoe between two nodes

N\ 060 ] 060 [5]

Upstieam Downstream
e PlotXsec Scow/Depost ____|

A " m . Edtnvave [ 0040
8 S w _Close | ok 1},
= EILEMENT

1154
1108
13

¢ 1060
1

At this point review some of the other cross sections by clicking on
the “Up” and “Down” buttons in the dialog.

Use the list to edit the individual cross section station data or add
and delete stations. As an example of editing the cross section, we
are going to raise the elevation of this cross section and then
manually interpolate between it and its neighboring cross sections.

Enter a 0.5 in the text box next to the Raise/Lower xsection
Raisedower wsecton| button and click the button. One half foot has just

been added to each station elevation point in this particular cross
section.
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Edit XSection Data

Node:[ 1060 Xsec [ 12

*sec Name: [X-ss8
Up | Retun| Down|

Sta. Elev. |2
il 0.00 11.57
2 1.00 11.48
3 18.00 6.91
4 24.00 6.40
5 46.00 6.32
6 49.00 486
7 53.00 4865 ;]
Edit Cross Section |
Edit | Delete |
Station  Elevation |

Raise/lower xsedion:” P50 |

Slope and Xsection INerWion ‘

Interpolate slope or Xsection
shaoe between two nodes:

SRCE = LGS

Upstream Downstream

Slope Onhl ShﬂlSloE]

Plot Xsec Scour/Deposit: ___I

Edit n-value: I 0.040
_Close |

Now see that there is a spike in channel bed slope.

%y
N

< o
ul =)

1
12
0&0
1011

Step 8: Manually interpolate between two cross sections

To adjust the slope and shape for the revised cross section, it is
necessary to interpolate between the cross section that was
modified and its upstream and downsstream neighbors.

In this case, notice that the changes were made to a surveyed cross
section X-s5-8 (Node 1060). Click the Up button 4 times to reach
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cross section X-ss-9. Now enter /060 in the right interpolation box
and click the Shape/Siope button.

Slope and Xsection Interpolation

| Interpolate slope or Xsection
shape between two nodes:

[ 18] [ 1oe0f]

! Upstream Downstream

Slope ﬂnkl Shagelsmel

Now click the Down button 7 times to cross section X-xx-7. Enter a
/060 in left interpolation box and click the Shape/Siope button. To

retain the cross section shape and only edit the bed slope, click the
Slope Only button.

Slope and Xsection Interpolation

Interpolate slope or Xsection
shape between two nodes:

| e [ 9sh

Upstream Downstream
Slope Dn&] ShaEeISloEI'

Click Close on the Edit Xsection Data dialog box and click Close
on the Edit Bed Elevation dialog box. Notice the bed slope no
longer dips at channel element /060. Once editing is completed
save and exit the PROFILES program.

F10 2D CHANNEL BED AND WATER SURFACE PROFILES

=l0lx]

Note: Adverse bed slope does not
necessarily warrant cross section ~
modification. If the bed slope appears Wi,

to substantial deviate from the aver- R
age bed slope, it may be necessary to
review the original surveyed cross e,
section data base. : 2 g Z g
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Summary

The PROFILES lesson was designed to show how to edit cross sec-
tion and bed slope data. This program is a crucial tool when devel-
oping a natural channel model. PROFILES can be used to interpo-
late the channel data between cross sections and to edit the station
elevation cross section data.

Review Questions

1. Rectangular or trapezoidal cross section can be assigned with the natural shape cross sec-
tion option? (True or False)

2. When it is necessary to interpolate the channel cross sections?

3. Ifacross section has a levee that is higher than the channel top of bank, how far does the
cross section extend?

4. Channel flood routing primarily depends on which one of the following?

[] Channel length inside the grid element
[ Channel cross section flow area

[] Channel n-value

[] Channel energy slope

[] Channel surface area

5. The channel geometry is measured to the lowest top of bank? (True or False)

6. The last channel element in a segment must be a channel outflow node? (True or False)

7. The automated cross section interpolation when building the channel data files only af-
fects the channel geometry? (True or False)
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LESSON 6 — CREATING FLOOD MAPS WITH MAPPER
Part 1. General Mapping

Flood Maps, Layers and Exclusion Polygons

Overview

The MAPPER program generates numerous high resolution flood routing
plots ranging from maximum flow depths and velocities to damage as-
sessment. In this lesson, use the MAPPER program to graphically display
model results, generate flood mapping, and modify layer attributes.

Required Data

For this lesson, the FLO-2D data files *. DAT and output files *.OUT
found in the Lesson 6 subdirectory and the elevation data *.PTS in the
Lesson 1 subdirectory are needed.

File Content Location*
Fplain.dat  Digital Terrain Model file Example Projects\Lesson 6
dtm.pts Digital elevation points file Example Projects\Lesson 1

*Typically these folders are in installed under C:\Users\Public\Documents\FLO-2D Basic Documentation

Step-by-Step Procedure

Analyzing output data and creating flood maps with MAPPER will re-
quire the following steps.

Open the MAPPER program and load project;
Display the grid system;

Plot maximum flow depth data;

Plot and customize shaded contours;

Modify layer attributes and legend properties;
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e Add aerial images;
e Create DTM shaded contour layer and export GIS data;
e Create an exclusion polygon.

Step 1: Open MAPPER and load the Lesson 6 project

In the GDS, select the Fi/e menu from the toolbar and click Run
MAPPER.

New Project »
Open .TOP Project...

Open Existing FLO-2D Project...

Save .TOP Project...

Save FLO-2D Fles, ..
Run FLO-2D...

F‘»r Mappes |

Run PROFILES
Run RAMN

Create FPlan.DAT and CadPTS.DAT

Import Image >
Import Eevation Ponts »
Import Rain Arcinfo ASCII Grd Fie...
Import CAD Graphc Eements...

Save Elevaton Ponts...
Bxt

On the Mapper Toolbar, open the project output files by clicking on File
and Read FLO-2D Results... as shown below.

i FLO-20 Results

Exit
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Locate the project file folder and click on the Oper button.

— x
v 3 [ Search Lesson 6 2]

T

Name l Date modified l Type I Size

% FPLAIN.DAT 5/2/2009 2:05PM DAT Fie 386 KB
< | o

File name: | FPLAIN.DAT ~] [FPLaN.DAT) -]

Cpen ~ Cancel ‘

The grid element topography will be displayed.
[ 1020 wapper i€

Fle Vew Tooks Help
aao & BABAE ) N 0 oo T 8
Grid Element Ground Surface Elevation

48178
E 47987
47796
47606
47415

4724
47033

46843
45652
<= 45451

Note: Every MAPPER generated plot
is also saved as a shape file in the
project folder. These shape files can
be used with other GIS programs for
further mapping opportunities.

q 1000

36508060 116583000 feet
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Step 2: Display the grid system

The grid system can be displayed with all MAPPER graphics. Click
View/Display Grid System.

' View Tools Help
100%
Zoom Out
Pan

Layers List

Grid Element Numbers

Display Boundary Cells
v Display Title

Display Exclusion Polygons
v Display Legend and Scale
v Display all Cell Groups
v Display All Slices

Display Area of Inundation

Table of Variables
Highlight Grid Element Number ...

Redraw

Grid Element Ground Surface Elevation

feet
48178

4797
47798
47606
47815
4724
47033
48843
49852
<= 45461

366 084 00 118561600  feet 13 4N52% 4Ns2% 0% 000
Turn off the grid system using the same procedure.

Step 3: Plot maximum flow depth at cell

It is necessary to plot the grid element maximum flow depth to ini-
tiate other mapping options such as animation. Click on the icon

Max Flow Depth at Cell i pull down menu and clicking Max
Flow Depth.
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Max Flow Depth
Max Flow Depth (Contours)
Max Flow Depth (Shaded Contours)

Final Floodplain Flow Depths
Final Floodplain Flow Depths {Contours)
Final Floodplain Flow Depths (Shaded Contours)

Max Channel Flow Depths
Max Channel Flow Depths (Contours)
Max Channel Flow Depths (Shaded Contours)

Max Combined Channel and Floodplain Flow Depths
Max Combined Channel and Floodplain Flow Depths {Contours)
Max Combined Channel and Floodplain Flow Depths (Shaded Contours)

Max Street Flow Depths
Max Street Flow Depths (Contours)
Max Street Flow Depths (Shaded Contours)

The grid element maximum flow depths are displayed.

Grid Element Maximum Flow Depth

3074 118671800  feet

Plot the many grid element maps using the icon tool bar at the top of the
screen. This includes.

e Ground surface elevation

e Maximum water surface elevation

e Final floodplain depths

e  Maximum channel flow depths

e Maximum combined channel and floodplain depths
[ ]

Maximum street depths
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¢ Maximum floodplain velocity
e Maximum street velocity

¢ Maximum channel velocity

e Final floodplain velocity

e Duration of inundation

e Maximum impact force

e Maximum static pressure

¢ Maximum specific energy

e Levee freeboard deficiency

The plots are saved as shape files as soon as they are loaded and are
found in the project folder.

P ) ubrees - Doaments - RO-2>Basc Doamentaton - Exanpie Projects - Lesson 6 v (0 [seachiessons  pa
Organze v Open Sharewith v Emal Bumn New folder Rl |
Name Date modified Type l Sze | L‘J

_ STREET.RGH 5/5/2009 12:25PM  RGH Fie 108
R ~ces of inundation.shp
Blevaton at Cel.shp 5/12/20139:56 AM  SHP Fie 657KB
Final Flov: Depth at Cel.shp 5/12/20139:57 AM  SHP Fie 338
Flow Depth at Cell.shp 5/12/20139:56 AM  SHP Fie 208 KB
Max Channe! Flow Depth at Cel.shp 5/12/20139:57 AM  SHP Fle 14K8
Max Charnel Fow Velooty at Cef.shp 5/12/20139:57 AM  SHP Fle 14KB
__Max Combmed Charnel and Floodplain Fiov: Depth at Cef.shp 5/12/20139:57 AM  SHP Fie 2139KB
. velooty at Cel (Vectors).shp 5/12/20139:57 AM  SHP Fie 772KB
yelocty at Cel.shp 5/12/20139:57AM  SHPFle
B water Bevaton at Celdp 5/12/2013 9:56 AM 20 ‘1
Area of Inundation.shx 5/7/2013 2:42PM SHX Fle 1KB
__ Eevation at Cel.shx 5/12/20139:56 AM  SHX Fie 39k8 L‘

Step 4: Plot and customize max flow depth (shaded contours)

The maximum grid element flow depths can be plotted as shaded con-
tours.

S . I D e P I
Max Flow Depth
Max Flow Depth (Contours)

ax Flaw Depth (Shaded Contaurs) |

Final Floodplain Flow Depths i
Final Floodplain Flow Depths (Contours)
Final Floodplain Flow Depths (Shaded Contours)

. h : B

e 4
R -~

~
T e O N s il

The flow depths are the maximum depths that were computed regardless
of the time of occurrence. The maximum depth plots therefore display
the maximum area of inundation.

88 | Workshop Lessons



FLO-2D Model Lessons

Grid Element Maximum Flow Depth

Note: The scale and legend can be
moved around by mouse click and

drag.

¥s1%280

116655600 fest

The shaded contour plot can now be customized by selecting more con-
tours, identifying a prescribed contour interval or by specifying the indi-
vidual contour intervals as shown in the following dialog box.

To display this dialog box, right click anywhere on the contour plot. In
this instance, the 4dd button was selected and contour intervals every 0.5
ft were added to the list of contour values along with an initial contour of
0.1 ft.

Contour Map. Grid Element Max. Flow Depth

Contours description
Number of contours ¢ |30

Increment ¢* Max value ]5 57
Contos vk @ T
0.1 - Add_|
l115 D I Restore Defaults l
15
2 = Cea |

Contour smoothness (0 to 10} |g

™ Fikter cells with zeto flow depth
¥ Omit lowet contour

™ Closed contours only

Labels ™ Show labels

Click OK to display the shaded contour. The area of inundation is smaller
because the lower contour was omitted.
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Grid Element Maximum Flow Depth

Note: Use the Contour Values to con-
trol the number of contours in the

shape file.

36513280 118666600  fest

56
50
43
37
31
25
13
12
06

Step 5: Modify layer attributes and legend properties

To enhance the shaded contour plots create transparent shaded contours.
To make the shaded contours transparent, open the layer’s list. Click

90

View/Layers List.

View Tools Help
100%
Zoom Out
Pan

Gnd Element Numbers

v Display Grid System
Display Boundary Cells
;.¢.f‘cp‘lgy<<l’]g_ AN S AN

Next double click on the Flow Depth at Cell (Shaded Contour) layer as

shown below.

Workshop Lessons

Layers B

Flow Depth at Cell (Contour)
Flow Depth at Cell
Elevation at Cell

ﬂ ¥ Visble [~ Delete
0K | Appvl Qancell




3483640

118567200

feet

FLO-2D Model Lessons

Select the Gray fill or Light gray fill in the Style list of Symbol Properties
dialog box. To accept changes, click 4pply and Close.

= Symbol properties for the FLOW DEPTH A laye! _)g

[evaratas Flnw Depth atCall

Shepe File Type FD')'QUT'

Number of Records. |1 63

The Class Breaks classification applies symbols to a set of discrete values

Single T Unigue T Classes T Std Inbaﬂ Adv label ]
Numeric field
er =l
FLOW DERTH AT CELL - Ver
Less than 000
000-007
007-013
013-020
020-027 Color ramp:
027-033
i p—
-04 End
047-053 | e
053-060 [ Drewoutlines?
060-067
067-073
073-080 Reset Legend |

ciose | [ Apply

Also close the Layer List dialog box and the following shaded contour
plot is generated.

Grid Element Maximum Flow Depth

The legend and scale properties and location can be adjusted. This func-
tion works well if while capturing a screen shot of the MAPPER window.
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Click and drag the /egend and scale to a new location on the window.

Right click the /egend and click Legend Properties.

DTM Points Ground Surface Elevation

Change the number of decimal places, color and size of the font as well

as other legend properties with this dialog box.

Legend Properties ‘ ?

Number of colors in legend |1D
Number of values in legend: I'I 0
Numbercfdacimalse 1

Roundtointeger v

Font..

sooy | sose |

Step 6: Add aerial image to background

Import the aerial background images. Click File/Import Image/Import In-
dividual Image to load the Goat.tif image in the Lesson I Folder.
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File View Tools Help
Read FLO-2D Results. ..

Inport Traags

Impott Elevation Points »  Image Catalog...
Import Shape File...
Import ASCII Grid File. .

v e f

Click View/Layers List and highlight the Goar image. Move it to the bot-
tom of the list using the arrow button.

Flow Depth at Cell (Shaded Contour)
Flow Depth at Cell
Elevation at Cell

ﬂ v Visble [ Delete
oK ] Applyl Qancell

Click Apply and OK.
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Step 7: Create depth to DTM point plot

Enhance the resolution of flood hazard maps by plotting shaded contours
of the DTM point flow depths. First the DTM points will have to be im-
ported. Then MAPPER will subtract the DTM ground elevation points
from the grid element predicted water surface elevations. Finally, the
shaded contour plots can be created.

Click Import Elevation Points/Import DTM Points... in the File menu.
The dtm.pts file is located in the Lesson 1 folder.

Read FLO-2D Results...

. — — — Import Image >
Warmng».Thi’s Steﬁé'l Gﬂﬂ&@:’ti e con- Irnpatt Eley ation Foints Impart OTM Points,
suming. ot i Import Shape File... ArcInfo ASCII Grid File  »

Import ASCII Grid File. ..

DTM Points Ground Surface Elevation

feat
48500
48271
48042
47813
47584
47356
47127
4p838
4859
<= 45440

370268 20 118577500  feet 482 4,654 00 465410 010 oe

Now interpolate the flow depth to the DTM points and subtract the DTM
point ground elevation from the grid element predicted maximum water
surface elevation. Click Tools/Interpolate to DTM Points.
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Create Elevation Points Layer

Delete Elevations from Selected Area

Create Area of'ImndaAti.o.n L:ay-er
Exclusion Polygons

Plot Flow Depth Profile

Map Template

Flooding Damage

points to consider in the “2———
» vicinity of each grid element:

FLO-2D Model Lessons

Interpolation Options

Minimum number of DTM

Radius of interpolation

[proportional to grid
ekt ea |1
Resolution (2 ta 5) |3

Use DTM points extent only: v

oK Cancel J

FLO-2D Mapper

_;]

The interpolation may take several minutes, Do you want to continue?

Yes No l

Click OK and Yes and wait for the interpolation process to complete.

To plot a shaded contour representation of the maximum interpolated
flow depth over the DTM points, click the DTM Points Max Flow Depth

Lj button. Note that some of the DTM points were based on topo-

graphic contour lines.

1322000 feet

The DTM point maximum flow depths can be saved to file by clicking on

the FLO2DGIS command

in the File pull down menu. The

FLO2DGIS.OUT file will contain the grid element number, the x- and y-
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coordinates and the maximum flow depth over the DTM point. This file
can be imported to ARCGIS to utilize additional mapping tools.

values to include in FLOZDGIS

Include variable values coming from:

¥ DTM points

o |

Click OK and Save to create the FLO2DGIS.OUT file.

Step 8: Create an exclusion polygon

Exclusion polygons can be used to edit shaded contour plots. Construct-
ing shaded contours can result in the mapped area exceeding physical fea-
tures on the map. This occurs when the contour plots are not controlled
by break-lines or by the contour interval. To improve the appearance of
the shaded contours, delete a portion of a contour shapes. An example
where the use of exclusion polygons is appropriate is when a shaded con-
tour spills over a levee, bluff or raised highway.

Load the Max Flow Depth at Cell (Shaded Contour) layer by clicking

Max Flow Depth at Cell _3:'_._;] pull down menu and clicking Max Flow
Depth (Shaded Contour).

Click the Exclusion Polygons/Create Exclusion Polygons command on
the Tools menu.

Tools Help
Options 13

Create Area of Inundation Layer

Exdusion Palyaons Create Exdusion Folygons

Plot Flow Depth Profile
Map Template »
Flooding Damage 3

Click OK and draw one or more polygons on the flow depth shaded con-
tour plot.

FLO-2D Mapper 7 x|

»
1 ) Click OK and then draw polygons to define exclusions areas

l OK I Cancel
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overtop it. In the following image, all of the flow depth that coincides
with the highway is a contour spill. Remove the contour spill by deleting
the portion of the plot that coincides with the highway. The exclusion
polygons define the area that is erased from the shaded contour plot. The
image below shows a polygon that will edit the highway portion of the
shaded contour.

A
: AN :
®/0 1 Teet 23 4566 46%8 000 00

Click Tools/Exclusion Polygons/Apply Exclusion Polygons to Current
Graph.

FLO-2D Model Lessons
Assume for this step that the highway is raised and that water cannot

Options »
Interpolate to DTM Points

Create Elevation Points Layer
Delete Elevations from Selected Area

Create Area of Inundation Layer

Create Exclusion Polygons

or P ol bt C

Plot Flow Depth Profile
Map Template »
Flooding Damage >

Click View/Display Exclusion Polygon. The portion of the shade contour
within the polygon was deleted.
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3818680

(SN

-
118501000  feet

98

457874 000 000

The exclusion polygons can be used multiple times. Just load a shaded
contour and click 7ools/Exclusion Polygons/Apply Exclusion Polygons to
Current Graph.

To control the polygon click its border. Click the Use/Not Use for Cur-
rent Graph to select or deselect the polygon that was clicked. It’s also
possible to delete the polygons with this tool.

seitint Use For Current Grar

Delete This Exclusion Polygon
Delete All Exclusion Polygons

The following image shows the shaded contour with the highway portion
removed. The Flow Depth at Cell (Shaded Contour) shape file was au-
tomatically saved and will also reflect these changes.
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To revert back to the original shaded contour plot, close and reopen
MAPPER and start fresh.
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Part 2. Advanced FLO-2D Results Analysis and Mapping

2a. Flood Animation

Overview

The MAPPER program can be used to create the model flood animations.
This lesson will show how to view the FLO-2D simulation as an anima-
tion of the floodwave progression.

Required Data

Use the FLO-2D data files *. DAT and output files *.OUT including the
animation *.OUT files found in the Lesson 6 subdirectory.

File Content Location*
FPLAIN.DAT Digital Terrain Model file \Example Projects\Lesson 6
TIMEDEP.OUT Animation file \Example Projects\Lesson 6

*Typically these folders are in installed under C:\Users\Public\Documents\FLO-2D Basic Documentation

Step-by-Step Procedure

The following steps are necessary to run the flood animation in MAPPER
and view temporal results.

e Set the animations controls in the CONT.DAT prior to the flood
simulation.

Open MAPPER and load Lesson 6;

Run a flood animation;

Run a velocity animation;

Create time plots;
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Step 1: Set Animation Controls GDS - Run FLO-2D Simulation

Set /TIMDEP = I and TIMDEP = 0.5 in GDS Control Panel. This gen-
erates the temporal output files during the FLO-2D simulation

Run FLO-2D to completion.

FLO-2D Control Variables

- Time Control and Plot Variables | Global Data Modiication
Smudetion Time (hus).[fio n-value Adustment [0 Floodpk rotd"::l'g [
e L NDSMBENG [ g
NOTE: Step 1 has been com- L, G Iotsaen S nvabe [0
pleted in the Lesson 6 folder. L el
s : T Backup Fie
This step is to show the user »
how to set up the animation. o st b b
| ¥ MeinChmel 7 Area Reduction Factors (ARF) Piint Options: {No Floodplain Output ~
| ¥ Streets Multiple Channets :
s § lHIg:!E ios] I~ Create Supercritical Output File
. Channel Display Options
Check "Main Channel” to activate "Channel Pint Options™
Physical Processes Switches : : Channel Piint
I~ Rafal | ¢ Mud/Debrs Options: | No Channel Output =
¥ Infiltration  Sediment Transport =
Time Lapse Output
I~ Evaporation » N?m : o

I~ MODFLO-2D Modeling

¥ TimeLapse Output  Output Interval (hrs): ICI.S

Graphics Display
Conveyance Structure Switches - X
Select "Detaled Graphics” in “Time Conlrol and Plot
™ Hydraulic Stuctures Vansbles" frame

™ Floodw:
ay Analysis Update Time Interval (hrst {01
™ DebnisBasin

Numerical Stability Parameters

i Surface Detention |0.1

Dynamic Wave Stabilty Coefficient l0,25
Percertt Change in Flow Depth (g7

I~ Animate Flow within GDS RunFLO-2D RunFLO-2D Save FLO-2D
ol (Save Files) I (Do not Save Fies) nput fles Llose
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Step 2: Open MAPPER and load the Lesson 6 project

In the GDS, select the File menu from the toolbar and click Run
MAPPER.

New Project 13

Open ,TOP Project...
Open Existing FLO-2D Project...

Save .TOP Project...
Save FLO-2D Fies...
Run FLO-2D...

Run PROFILES

Run RAIN

Create FPlan.DAT and CadPTS.DAT

In Mapper Open the project output files by clicking on File and Read
FLO-2D Results ... as shown below.

Exit

Locate the project file folder and click on the Open button.

e x|
~ Exarple Projects - Lesson6 v i [seorchlemone  pu
Orgarze v New folder v [
Name Detemodfed | rype sz
® FPLAIN.DAT 5/2/2009 2:05PM DAT Fie 336 kB
K13 | 2
Fle name: |FPLAIN.DAT ~] [pramnoan ~l
cos_|
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Step 3: Run a flood animation

LI RAN et

The FLO-2D simulation can viewed as an animation of the floodwave

progression using this tool. First it is necessary to plot the Max Flow
Depth.

Max Flow Depth (Contours)
Max Flow Depth (Shaded Contours)

Final Floodplain Flow Depths
Final Floodplain Flow Depths (Contours)
Final Floodplain Flow Depths (Shaded Contours)

Max Channel Flow Depths

R N e A

The maximum flow depth for the grid element plot activates the flood an-
imation controls on the tool bar.

K|)|;B|DI| -]

The animation controls from left to right are.
Previous View Play Stop Next View

The Previous View and Next View buttons can be used to manually con-
trol the speed of the animation. Click on the F/ay button to begin the
flood animation. Click on Stop then Previous View or Next View to view
a specific time interval of the flood simulation. The drop down list on the

right enables the user to select a specific time step to display in the flood
simulation.
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Step 4: Run a velocity animation

The flow velocity animation can also be run in the same sequence by
clicking on the Grid Element Max Velocity and starting the animation
with the Play button.

Max Yelocity (Contours)
Max Yelocity (Shaded Contours)
Max Velocity (Vectors)

"y gt

Follow the same procedure for running the flow depth animation.

Step 5: Create time plots

Following the animation, it is possible to view a plot of the flow depth
versus time or velocity versus time (output interval) for a specific grid el-
ement, select Tools/Time Plots.

Options 3
Create Grid Layer

Cré&e Area of Inundation Layer
Exclusion ﬁolyrgons »
Plot Flow Déptﬁ Profile : .

Map Template - i : 4
Hﬁoding D;amaqe : - »

Show Tree of Graphs l

105 I Lesson 6




FLO-2D Model Lessons

w Flow Depth vs Time Graph (1 cell)

A cursor cross (+) is displayed that can be used to select individual grid
elements as shown below. Multiple elements can be selected.

Click on any grid element to select it and then right click to show the fol-
lowing dialog box. Click either the Flow Depth vs. Time or Velocity vs.
Time plot.

Flowe Depth

Yelocity vs Time
Hide All Plots

Delete Cell Group

The resultant flow depth plot as a function of time (output interval) for
grid element number 2107 is shown below.

~
@

Flow Depth (feet)
0
o
L

T T T T T T

2 3 4 5 6 7

Time (hours)

T 1

9 10

Grid Element Number
. 2107

@ |

106

Plotting several grid elements at once is possible. Click 7ools/Time Plots
and click several grid elements. Right click on one of the selected ele-
ments and click Flow Depth vs. Time.
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w, Flow Depth vs Time Graph ( 3 cells)

=]

o N =10l x|

Flow Depth vs Time

Flow Depth (feet)
S e g 8 9 & @8
[T ST S ST - N

m
!
o
o
°

e

@ g

— 17
G6ri}Y Elenetft Number
Time (hours) —8— 1999

—&——— 2000

Deselect the grid elements by clicking the selected cell and click Deleze
Cell Group.

Flow Depth vs Time
velocity vs Time

Hide All Plots
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2b. Flood Damage Assessment Tool

Overview

Total flood damages or individual structure flood damage costs can be
automatically computed in the MAPPER program. Computing flood
damage costs is a direct means of evaluating flood risk. The flood dam-
age assessment method is similar in approach to that applied by the U.S.
Army Corps of Engineers. It requires a table of individual structure dam-
ages as a function of flow depth. The structure data has to be collected
from field inspection and the structure footprint has to be outline in GIS
software. This lesson shows how to perform a flood cost assessment
based on the FLO-2D predicted maximum flow depths and the structure
damage field data.

Required Data

The FLO-2D data files * DAT and output files *.OUT including the
housing shape and damage code table found in the Damage Assessment
Example subdirectory are used for this lesson.

File Content Location*

FPLAIN.DAT Digital Terrain Model file \Example Projects\Damage Assessment Example
DamageCode 08.tbl Table file \Example Projects\Damage Assessment Example
Houses.shp Shape file \Example Projects\Damage Assessment Example

*Typically these folders are in installed under C:\Users\Public\Documents\FLO-2D Basic Documentation

Step-by-Step Procedure

The following steps are necessary to conduct the flood damage assess-
ment.

Open MAPPER and load Damage Assessment Example;
Damage assessment structure data discussion;

Plot the FLO-2D predicted maximum flow depths;
Import the building polygon shape file

e Compute the flood damage costs
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Step 1: Open MAPPER and load the Damage Assessment Example

In the GDS, select the File menu from the toolbar and click Run
MAPPER.

Nev: Project »

Open .TOP Project....
Open Existing FLO-2D Project...

Save FLO-2D Fies...

Run FLO-D.,.

Run PROFILES

Run RAIN

Create FPian.DAT and CadPTS,DAT

Import Image »
Import Elevation Ponts »
Import Ran Arcinfo ASCTI Gnd Fle. ..
Import CAD Graphc Eements...

Save Elevaton Ponts...
Ext

Open the project output files by clicking on File and Read FLO-2D Re-
sults... as shown below.

Exit

Locate the project file folder and click on the Open button.

fopen e Y|
() ~ Exarpie Projects. ~ Demege Assesment e v &) [[Seorch Damoge AssessmentE... g2l
Ogenze v Hew fider
Narme | oate mocises [ e |52 | |
o FPLADLDAT WM LM DATFe »e
Fie name: [FPLAIN.DAT =] [rLamoan B
e
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Step 2: Damage assessment structure data discussion

A table file (*. TBL) must be developed that contains the structure dam-
age ($) as function of flood depth for each building type in the polygon
shape file (DamageCode 08.tbl). This table is the result of intensive field
inventory of the buildings in the potential area of inundation for the de-
sign flood event. The table file is organized as follows. This table is gen-
erated for a typical Corps of Engineers damage assessment.

Column 1: A damage code or number that corresponds to the polygon
ID’s in the shape file.

Columns 2 to 11: Cost associated with the maximum flow depth list in
row 1 (depths in the following example range from 1 to 10 feet.

NOTE: The damage table DamageCode, 1 ,2,3,4,5,6,7,8,9, 10
flo (DamageGodo. 08.tbl) | 1,5000,10000,15000,20000,25900,30500,35000,40000,45000,50000
is hypothetical. The user 2,3000,10000,15500,20500,25000,30300,35000,40000,45000,50000

should prepare an appro- 3,4000,10500,15000,20300,25000,28000,35000,40000,45000,50000
priate file adapted to each 4,5500,12000,15000,20000,25600,30000,35000,40000,45000,50000
particular site. 5,5000,10000,15000,20000,25000,30000,35000,40000,45000,50000

Line 1 indicates the name of each column. In this case it is depth in ft.
Line 2 indicates that for polygon #1, 1 ft of flood depth will have a dam-
age cost of $5000, 2 ft of flood depth will have a damage cost of $10,000,
3 ft depth will have a damage cost of $15000, and so on.

Another example damage table that used for agricultural field damages is
show below. For this case, the damage flow depths are non-uniform.

DamageCode,0.2,0.3,0.4,0.5,0.6,1.0,1.1,1.5,1.6,10.
1,0,2908,5884,8838,14700,14700,16926,16926,17926,17926

2,0,755,1528,2295,3817,3817,4395,4395,4655,4655
3,0,1360,1360,1360,1360,1360,1360,1360,1360,1360

Step 3: Plot the FLO-2D predicted maximum flow depths

Click the Max Flow Depth command.

Max Flow Depth {Contours)
Max Flow Depth (Shaded Contours)

Final Floodplain Flow Depths
Final Floodplain Flow Depths (Contours)
Final Floodplain Flow Depths (Shaded Contours)

Max Channel Flow Depths

O o P e A
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Grid Element Maximum Flow Depth

21
Y 135
172
147

123
98

439
25
<=00

4855344 95382550  meters

Step 4: Import the building polygon shape file

Import the building polygon shape file (houses.shp) using the Import
Shape file command in the File menu. The housing shape file is simply a
file of polygons of each house in a neighborhood. Each house polygon
has ID, area, perimeter and damage code attributes.

Grid Element Maximum Flow Depth

3
2

ers
221
[ RE
172
147
123
98
74
49
25
<00

53523106 96467975 metees
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The following figure is a zoom view of the building shape file displayed
over the grid element maximum flow depth plot in MAPPER.

Step 5: Compute the flood damage costs

Select the Estimate Flood Damage command in the 7oo/s menu.

Options »

Create Grid Layer

Create Area of Inundation Layer

Exclusion Polygons ’
Plot Flow Depth Profile
Map Template »

Time Plots
Show Tree of Graphs

The buildings shape file is named Houses.shp. The following dialog ap-
pears.

112 | Workshop Lessons



Import Damage Table. |

& Flooding Damage Estimation

Buildings shape file

|Houses sHP

eutarg drert R =

FLO-2D Model Lessons

I

[ a2 o]

Compute Damage I

Cencel

Select HOUSES.SHP from the Buildings shape file list and HOUSES 1D

from the Building Id field.

Import the damage table file Damage-

Code_08.tbl using the button /mport Damage Table. The table will be
filled as shown bellow.

NOTE: This computation make
take several minutes depend-
ing on the number of buildings,
the number of grid elements
and computer speed.

& Hooding Damage Estimation j_I
Buildings shape file ]HOUSES.SHP __v_]
Building Id field IHOUSES_ID L‘
[ = = C
Elmpm Qemage Teble ] \Tracks\tesis\Marncopall\Damsge\DamageCode_06 tol

[ Tid o1 D2 b3 D4 D5 D6 D7 D8 D3 D10~
[ 11 5000 10000 15000 20000 25000 30000 35000 40000 145000 50000 —]
(12 5000 10000 15000 20000 25000 130000 35000 40000 45000 50000
[2E] 5000 10000 15000 20000 25000 30000 35000 40000 45000 50000
L 5000 10000 ,15000 20000 25000 30000 35000 40000 45000 50000
. 5000 10000 15000 20000 125000 30000 35000 40000 145000 ;50000
[ 16 5000 10000 15000 .20000 125000 30000 35000 40000 45000 50000
[ 17 5000 10000 15000 20000 25000 30000 35000 40000 45000 50000
[ |8 5000 10000 15000 20000 25000 130000 35000 40000 45000 50000
L) 15000 10000 15000 ,20000 25000 30000 35000 140000 45000 50000
[_]10 15000 10000 15000 20000 25000 30000 35000 40000 145000 50000
[ 11 5000 10000 15000 20000 25000 30000 35000 40000 145000 50000
[ |12 5000 10000 15000 20000 25000 30000 35000 40000 145000 50000
13 5000 10000 15000 20000 25000 130000 35000 40000 +45000 50000
[ |14 5000 10000 15000 _ /20000 25000 30000 35000 40000 45000 50000 =

13 £nnn 1nnnn 1EnAA sannn aennn 2nann 2Ennn Annna AEnNA £nnnn
[« | [

(e «]ad» o]
Compute Damage. Cancel I

Click on Compute Damage button to calculate the total flood damage and
to compute a damage cost estimate for each building. MAPPER will cre-
ate a layer containing the building cost for each building intercepted by
the flooding area.

There may be buildings for which there is no damage value associated
and the following message will appear.
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FLO-2D Mapper S x|

Warning: building id=1539 not found in damage table
. Do you want this message to be shown again?

Yes I No J Cancel I

Click No so the message will not appear for other buildings and continue
the calculation. The total damage cost estimate for all the buildings will
be displayed.

FLO-2D Mapper x|

Total damage cost: 894,926

e

A color will be assigned for each building as function of the damage cost.

Grid Element Maximum Flow Depth

meters

Damage($)

21
11,800
v 196
10,114 "," 172
8429 £y, 147
6.743 ’ 123
98
5,057
74
3,371 ,% s
1,686 -0 25
0 ’ i <00
& 2 <,
’ S ¥
:
§ o 0 8000
4,000
546.206 31 97204569 meters 18% 132208 13215 oo7 008

The building damage detail by color can be seen by ‘zooming in’ as
shown.
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To view the individual building damage cost estimates click on the
View/Layers List and double click on the Building Damage layer.

HOUSES.SHP
Flow Depth at Cell
Elevation at Cell

ﬂ v Visible [ Delete
OK ] &pplyl Eancell

The Symbol Properties for the BUILDINGS DAMAGE Layer dialog box
will appear. Select the Adv label option and adjust the font size by mov-
ing the Label height in map units control and clicking on the 4pply button
until the desired font size is achieved.

115 | Lesson 6




FLO-2D Model Lessons

Symbol properties for the BUILDINGS DAMAGE 153

Lager s Fauudings Damage

Shape File Type: lPDLVQOYI

Number of Records: 14321

The No Overlapping Labels classication draws text for a specified field and
attempts to resolve overlapping and crowding of labels.

Singe | Unique | Classes | Stdlabels | Ady label

Text field: v Draw features
[Damage 3 ™ Allow duplicates
o I~ Mask labels

[MS Sans Seri f I Mask color[ ™
Label Placement Label height in map units

| & Place on

" Place above

| € Place below Ad 1]

Close

Click on the Close button when finished adjusting the building damage
number text size. The following figure displays the damage cost layer
indicating the damage estimate in $ (currency) for each building.

- - g
&«n
& .IFF : "

"Eiblﬁllli
NP l!--rlln-r!lﬁf‘
ol & @ R F ik

44E0 [V}

meters
221
196
98
74

5080388 | 97318531 meten 452 138% 131874 038 203
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2c. Flood Hazard Mapping Tool

Overview

Hazard maps are a function of both flood intensity and probability. Flood
intensity is defined by the flow depth and velocity. Flood probability is
inversely related to flood magnitude. Flood hazard is then defined s a
discrete combined function of the event intensity and return period. This
lesson describes how to create a flood hazard map using the MAPPER
program.

Required Data

This lesson requires the FLO-2D data files *.DAT and output files *.OUT
found in the Lesson 6 subdirectory

File Content Location*
FPLAIN.DAT Digital Terrain Model file \Example Projects\Lesson 6

*Typically these folders are in installed under C:\Users\Public\Documents\FLO-2D Basic Documentation

Step-by-Step Procedure

The following steps are necessary to conduct the flood damage assess-

ment.
e Open MAPPER and load Lesson 6;
e Import aerial image;
e Plot hazard map;
e Plot hazard map (shaded contour).

Step 1: Open MAPPER and load the Lesson 6

In the GDS, select the File menu from the toolbar and click Run
MAPPER.
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New Project »

Open .TOP Project...
Open Existing FLO-2D Project...

Save FLO-2D Fies...

Run ALO-2D...

Run PROFILES

Run RAIN

Create FPlain.DAT and CadPTS.DAT
Import Image »
Import Elevation Ponts »
Import Rain ArcInfo ASCII Gnd Fée...
Import CAD Graphic Eements. ..

Save Eevation Ponts...
Bxport...
Exit

Open the project output files by clicking on File and Read FLO-2D Re-
sults... as shown below.

Exit

Step 2: Load aerial image (See Lesson 1, Step 4)

Step 3: Plot hazard map
Click the Hazard Map _* ~| button and click Hazard Map.

Hazard Map (Shaded Contours)

Flood Hazard Map
Flood Hazard Map (Shaded Contours)

The Hazard Map Intensities dialog box appears. This box has two map-
ping options. Use the default intensity, depth and velocity parameters for
water flooding on the current data. Click Compute to generate the hazard
map.
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Water flood
| event intensity

i~ Type of Event
& Water flooding

Maximum depth h [feet)

€ Mud and debris flow

Logical Product of masimum velocity [v] times

operation maximum depth [h] (feet"2/s)

High

ho>= I4.918

OR vh >= i4.318

Medium

|1.S33 <=h < 4918

OR [1638 <=vh< 4918

Low

’[1328 <=h ¢ 1833

AND 0328 vh< 1639

Use Defaults ' Fill Style: ISolid 'i
Compute l Use Previous l Cancel I

370,184 08 118667588  feet

Step 4: Plot hazard map (Shaded Contour)

Click the Hazard Map _* | button and click Hazard Map.
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3484203 118701638 fee!

Summary

In this Lesson, the MAPPER program has been used to graphically dis-
play and analyze the FLO-2D output data. MAPPER is a versatile map-
ping tool that can be used to create high resolution flood hazard maps.
MAPPER automatically generates shape files of each flood plot that can
imported into another GIS or CADD mapping program. Also use
MAPPER for more advanced applications such as making movies of a
flood simulation and conducting flood damage assessments. The movies
can be helpful tools for project flood presentations to view predicted
floodwave progression. The flood damage assessments provide a valid
estimate of flood risk.
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Review Questions

1. When are the MAPPER shape files created?

2. How are aerial images geo-referenced with the grid system coordinates?

3. To work with the DTM points in MAPPER, what must be created first?

4. Contour plots can be created for these six flow depth results.
1.

wv B W N

6.

. What is the difference between maximum flow depth and final flow depth results?

6. Outflow grid elements are included in the flow depth results? (True or False)

7. DTM ground surface points are subtracted from the predicted maximum water surface el-
evation for what purpose?

8. Why are grid element elements used instead of DTM points to compute flood hydraulics?

9. Exclusion polygons are used for what purpose?

10. What tools are used to improve shaded contour plots?

1
2
3.
4
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5.

11. MAPPER flood animation requires what controls to be set prior to the flood simulation?

12. For the flood damage assessment, how are the building damage tables and polygon shape
files developed?

13. The total damage cost for a design flood event is a measure of flood risk? (True or
False)?

14. Flood hazard maps represent an assessment of what two flood factors?

15. In MAPPER, flood hazard maps are based on maximum depth and maximum product of
depth times velocity squared? (True or False)
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LESSON 7 — RAINFALL AND INFILTRATION

Overview

Rainfall and infiltration parameters can be entered and edited using the
GDS. The object of this tutorial is to use the GDS to create spatially var-
iable rainfall parameters for the RAIN.DAT file and to work through the
various methods to assign infiltration data. The project data presented is
all that is necessary is to build the two data files. A rainfall distribution
will be selected for rainfall model and the infiltration data will be entered
both as global and spatially variable parameters.

Required Data

The profiles prdgram requires five basic data files plus the infiltration
file and the rainfall file. The five basic files are provided. These files
are found in the folder Lesson 7.

e CONT.DAT e OUTFLOW.DAT
e CADPTS.DAT e RAIN.DAT (user made)
e FPLAIN.DAT e INFIL.DAT (user made)
e TOLER.DAT
File Content Location*
* dat Grid system data files \Example Projects\Lesson 7/GreenAmpt
Rainfall distribution data Built In
LandUse.shp Green-Ampt shape file \Example Projects\Lesson 7/GreenAmpt
Soil.shp Green-Ampt shape file \Example Projects\Lesson 7/GreenAmpt
LandUse.tlb  Green-Ampt table file \Example Projects\Lesson 7/GreenAmpt
Soil.tlb Green-Ampt table file \Example Projects\Lesson 7/GreenAmpt
* dat Grid system data files \Example Projects\Lesson 7/SCS
Land.shp SCS shape file \Example Projects\Lesson 7/SCS
Soil shp SCS shape file \Example Projects\Lesson 7/SCS
!

Imperv.shp  SCS shape file Example Projects\Lesson 7/SCS
*Typically these folders are in installed under C:\Users\Public\Documents\FLO-2D Basic Documentation
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Step-by-Step Procedure

To assign rainfall infiltration data with the GDS program follow these
steps.

Input Rain

Create a new project folder;

Open the GDS and load the Lesson 7 project;
Create a rainfall distribution and data file;
Save and run the model;

Set-up Default Green-Ampt Global Infiltration

e Set-up global Green-Ampt infiltration parameters;
e Save and run the model;

Green-Ampt Spatially Variable Infiltration

Load infiltrations shape files;
Load landuse and soil tables;
Compute infiltration data file;
Manually edit the INFIL.DAT file;
Save and run the model;

SCS Curve Number Spatially Variable Infiltration

Open project;

Load infiltration shape files;
compute infiltration;

Save and run the model,;

INPUT RAIN

Step 1: Create a new project folder

Several different project data sets are created in this lesson. It is advisa-
ble to setup a project folder when saving new project data so that a com-
parison with previous infiltration model is available. In an explorer
window, copy the folder C:\Users\Public\Documents\FLO-2D Basic
Documentation \Example Projects\Lesson \Green Ampt and rename it to
Test.

Step 2: Open the Grid Developer System program

£

Double click the GDS Basic icon from the desktop.
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New Project >
Open . TOP Project...

Save ,TOP Project, ..

Save FLO-2D Files. ..
Run FLO-2D...

Run Mapper

Run PROFILES

Run RAIN

Browse the folder C:\Users\Public\Documents\FLO-2D Basic Documen-

tation \Example Projects\Lesson 7\Green Ampt and double click the file
FPLAIN.DAT.

{2 Select a FPLAIN.DAT file to open g o x|
L& I ~ Lesson 7 » Green Ampt ~ v 823 [ search Green Amot g2

Organze v New folder ST~z i &8
Nare - | Date modfied | rvpe s

test 5/12/2013 12:42PM  Fle folder
® FPLAIN.DAT 1/25/2011 11:19AM  DAT Fie

iR i 2l

File name: |FPLAIN.DAT ~] [epranpan =l

Open Cancel l

The following dialog box will be displayed. Click OK to load the model
and display the grid system.

FLO-2D Components

The following components will be loaded:

G 4]
-
r r

¥ Outflow elements b=

-
~

" I
&

The display of the grid system should look like the following image.
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Step 3: Set-up total rainfall and a rainfall distribution

126

To create a rainfall distribution, click the Rain command on the 7ools

Menu.

Options

Measure Distance along Line

Compute Average Point Rainfall Depth
Interpolate Yariable Rainfall

Levee Express Editor
Floating Variables Express Editor

Create Channel Segment with a Polyline

Create a Cross Section

Assign a HEC-RAS Cross Section to a Channel Element
Convert HEC-RAS Xsec to FLO-2D

Convert HEC-RAS Channels to FLO-2D Channel Segments

Create Street Segment
Create Street Segment with a Polyline

Create Detention Basin

Mud and Sediment Transport
Evaporation

MODFLO-2D Simulation
Hydraulic Structures

Breach
NOFI.OC®

13

Initially the Rainfall Distribution button will be grayed L i |
To activate the button enter a value of 3./ inches in the Total Storm

Rainfa// bOX Total Storm Rainfall |3,1 )

The Rainfall Distribution button is

now active. Click it to open the Rain Editor dialog box.
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Rainfall Vaniables

I~ Real-Time Ramfall I~ Depth-Area Reduction Values ™~ Moving Storm

[Totai Storm Rainfall |3‘1| | Rainfall Abstraction lU
Assign distribution, moving storm and spatially vanable rainfalt | Rainfall Distribution l

Ran Time and Distribution |
= =Z Total Rain
Add l Change I Delete I
T Pescent of Total
ime Ranial
(& o _
~
K ]| cance |
R !

Precction  Spetaly deez Rerfel Tk

Click the Distribution button eebs= and select the Maricopa County
2-Hour Storm option and click the Plot and Edit Rainfall Distribution
radio button and click OK.
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Storm Distribution L

a3ennnow

D ADS DD

Rainfall Distributian Dptien x|

™ Use the Entered Distribution

I~ Use SCS Nondmensional Distribution
l ¥ Maricopa County 2-Hour Snor:I

™ Maricopa County 6-Hour Pattemn 1

I™ Maricopa County 6-Hour Pattem 2
I™ Maricopa County 6-Hour Patter 3
I™ Maricopa County 6-Hour Pattern 4
™ Maricopa County 6-Hou Pattem 5
™ SCS 24-Hou Type Il

I~ SCS 24-Hous Type IIA

I~ NRCS TYPE II-60

™ NRCS TYPE II-65

™ NRCS TYPE II-70

™ NRCS TYPE II-75

™ NRCS TYPE II-45

& Plot and Edit Rainfall Distribution |

o]

The Storm Distribution plot and Edit Rainfall Distribution dialog box
appear. Click Close and then click the Save button | on the Rain
Editor menu bar.

[ ool D

Time Ran |2
0.0000
0.0833 0.0110

0.1667 0.0180
0.2500 0.0230
03333 0.0280
0.4167 0.0320
0.5000 0.0460
0.5833 00710 | +{

-2 4 .6 .8 1 1.2 1.4 1.6 1.8 2 Close I

Time (hrs)

The RAIN.DAT file has just been created. Click OK and exiz the
Rain Editor dialog box.

RAIN.DAT file has been saved.

Return to the GDS and click Yes to load the rain data table.
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;]

Rainfall Variables

[~ ReaFTime Rainfall [~ Depth-Area Reduction Values [~ Moving Storm

| Total Storm Rainfall ]31 | Rainfall Abstraction lU

Assign distribution. moving storm and spatially vaneble rainfall

Rainfall Distribution '

Raein Time and Distnbution

)
Add I Change I Delete ‘ 2|
3|
4
Percent of Total G
Time Reinfall L
| W =
=)
Ll

¢

c c

oK Cancel I

The data is loaded into the table click OK.

Step 4: Save the data files and run the model

Save the FLO-2D data files. To run the FLO-2D flood simulation, use
the Run FLO-2D... command in the Fi/e menu.

New Project

Open .TOP Project...

Open Existing FLO-2D Project. ..

Save .TOP Project..,
Save FLO-2D Files..,
Run Mapper

Run PROFILES
Run RAIN

“reate Folain.Dat 2 ! ~AdoT< DAT
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Make sure all the correct component switches are turned on (Rain). In-
put the Simulation Time = 5 hr, Output Interval = 0.1 hr for more output

intervals, select the Detailed Graphics option and enter an Update Time
Interval of 0.1 hours as shown.

F10-2D Control Variables

b
Global Dete Modification
Simulstion Time (hrs). |5 Floodplain
W nvalue Adjustment lu Eimibihg Eifiice IU_—
Flow Depth for Depth
Oufputinterval (rs). |01 sl A,,u,y‘;,, P Shallow Flow
* Tens ! — mvelve. [0
Graphics Displey: cras Bulking Concentration: |0
@ Detailed Graphics [__
r I~ BeckupFils Area Reduction Factor: IIJ
System Component Switches Floodplain Display Options
I MeinChennel [~ Aren Reduction Factors (ARF) Pint Options [Detailed Output ~]
1 :
L [~ Multiple Chennels [™ Creats Supercrical Output File
~lphaes (Rill and Gullies)
Check "Main Channel* fo activate “Channel Pnnt Options"
Physicel Processes Switches
¥ Reinfell € Mud/Debris [Ho s . |
[ Infiftration! € Sediment Transport
= L =  Horie Time Lepse Output
Evaporation
[¥ Time Lapse Output Qutput Interval (hrs): |U 1
[~ MODFLO-2D Modelling REe
Graphics Display
Conveyance Structure Switches
Select “Detailed Graphics® in *Time Control and Plot
[~ Hydraulic Stuctures Vaviables® frame
™ Floodwey Analysis
bl I Updete Time Interval (hrs). {01 l
™ Debris Basin
Numencal Stability Parameters
Surace Defention |0_1 Dynamic Wave Stability Coefficient |1
Percent Chenge in Flow Depth |0 2 Courant Number (range 01101 0) [0.6
[~ Animate Flow within GDS Run ELO-2D RunflO-20 (Do Seve FLO-20 Close
(Seve Files) not Save Files) inputfiles
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Click Run FLO-2D and observe the floodwave progression over the pro-
ject area. The rainfall hydrograph will be plotted and volume conserva-
tion is reported during the simulation. Close the GDS.

R S5 G n R ol

Maximum
Flow Depths

rell volume conservation Excellent [No Acion Necessery

[ Timestep decreasas - numerical stability [¥ [Good INo Action Necessary
i 7 [Reasonable INo Action Necessary

[Variation in rvalues 7 [Reasonable rvalue adjustments io Acion Necessary

Depth Legend

. < DEPTH
< DEPTH < 10.
<DEPTH < 9.5
S < DEPTH < 9.0
.0 < DEPTH < 8.5
5 < DEPTH < 8.0

4

8

7

7.0 < DEPTH < 7.5
6.5 < DEPTH < 7.0
6.0 < DEPTH < 6.5
5.5 < DEPTH < 6.0
5.0 < DEPTH < 5.5
4.5 < DEPTH < 5.0
4.0 < DEPTH < 4.5
3.5 < DEPTH < 4.0
3.0 < DEPTH < 3.5
2.5 < DEPTH < 3.0
2.0<DEPTH < 2.5
1.5

0.5 < DEPTH < 1.0
TOL < DEPTH < 0.5
DEPTH < TOL

GREEN-AMPT GLOBAL INFILTRATION

Step 5: Create a new project folder

In Explorer, copy the folder C:\Program Files\FLO-2D\Example Pro-
jects\Lesson 7 and rename it to Lesson 7 Rain. Open the GDS and load
the Lesson 7 project.

Step 6: Create the infiltration data file

To set up the global infiltration values double-click any grid element
within the computational boundary to bring up the grid element attrib-
utes editor. Click the Infiltration button.
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Attributes of Grid Element Number 8382 A
Floodplain elevation (feet} [2383 93
Manning coefficient: |0_o4

rax [300
Element size [feet) g:'::: & eidedd

Reduction Factors.. | Muliple Channel.. |

Fill out the Infiltration editor box as shown in the following image.
Click OK twice to exit the editor boxes. Check the Grid element infiltra-
tion box. This action will cause the global infiltration values to be writ-
ten to the INFIL.DAT file along with the values for grid element 492.

Infitration (Element 492)

Infiltration Method

[ GreenAmpt] [ SCSCurve Number

The selected infilration method(s) will be the same for all grid elements

Glubd p.ammeters

Inttel Abstractiod 00 | Initiel Satwretiont 07

Soil Forosity [04 Final Seturatiornf 'W—

ﬂ°°d&°r“gm";‘;",‘ P SoilSuctiod [43
ot F

¥ Gnd elementinfiltration

i 0.1
& Floodplain Element fiyreulieCondic (n/hi
Capilarty Suction (in)  [4.3
Soil Moisture Defict Ina
Reinfell Abstracton (n) {00 [
Impenacus Area: [U_U—
. € Chennel Element !
|.\
I QK l Cancel ]

Turn off the infiltration for specific nodes by creating impervious ele-

ments. Click the Select element by element * button and select a group
of neighboring grid elements. Click Grid/Assign Parameters to Selec-
tion/Infiltration.
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Create Grid
Select »
[ s o soncion 5 R
Intefpogts Evetbn Polity ::aaandwm\aedumonFactors
Interpolate from Multiple Elevation Fies... {avip
Green-Ampt Parameters »  Multiple Channels
Infiow/Outflow Condition
Compute Manning Coefficents... A
Compute SCS Curve Number g
No Dscharge Excha
Compute Width and Area Reduction Factors Time-V: arbrr?teGmu 'ngeer
Compute Limting Froude Numbers... Rigd Bed
Define Boundary Gnd Elements > Limiing Froude Number
Setup Computational Area 4
Create Gnd Layer

Turn on the impervious area switch by entering the number / in the /-
pervious Area box and click OK.

Infiltration

Infiltration Method
¥ Green Ampt [ SCS Curve Number

The selected infiltration method(s) will be the same for all grid elements |

Global parameters

Initiel Abstraction {0.0 Initial Saturation lu]

Soll Porosity: |04 Final Seturation: |1.0
Floodplain Hydraulic |4 3 _

Conduct (ih) '01 Soil Suction |4.

Channel Hydraulic |
Conduct (in/h) ICH féi
¥ Gnd elementinfiftration
dreulic Conduct |01
(@ Floodplain Element ftydroulic Conddck iy
Capilarity Suction (in) ]4.3
Soil Moisture Deficit {03
Rainfall Abstraction (in) ID_———_—
l Impenvious Area: 1 I
¢ Channel Element I
\
|

oK I Cancel J

Note in the following image that while the global infiltration is turned
on, only the spatially variable infiltration is shown on the grid system.
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Step 7: Save the FLO-2D Files and run the model

Save the FLO-2D data files and run the Model. Click File/Run FLO-

2D... and note the /nfiltration switch is checked. Click Run FLO-2D
(Save Files).

H.O-2D Control Variables e

Time Control and Plot Variables

Simuletion Time (hrs) IS

Global Date Modification

Floodplain
n+velue Adjustment: ‘0 Limiing Froude 'E_‘_"
Flow Depth for De
OutputInterval thrs) |01 DuyunpunAnaJym r— Shallow Flow
€ Texts — rvalve: 01
Graphics Displey S ocesn Bulking Concentration {0
(@ Detalled Graphice
i [~ BackupFila Area Reduction Factor 10
p
System Component Switches Floodplain Displey Options
[™ MeinChennel [~ Ares Reduction Factors (ARF) Print Options: [Detailed Output ~]
Streets i
[ igks I Multiple Channels [T Creete Supercntical Output File
~'Leveos (Rill and Gullies)
Check "Main Channel* to activate “Channel Pnnt Options”
Physical Processes Switches
¥ Rainfell € Mud/Debns o chii ‘ L]
(¥ Infiltration € Sediment Transport
¢ None Time Lepse Output
™ Evaporation
[¥ Time Lapse Output QutputInterval (hrs; IU.1
™ MODFLO-20 Modeling i TR it 2 !
Graphics Displey
Conveyance Structure Switches
Select "Cetailed Graphics® in "Time Control and Plot

I~ Hydraulic Stuctures

™ Floodway Analysis
[~ Debris Basin

Vanables® frame

Updete Time Interval (hrs) lﬂ 1

Numencel Stebility Parameters

Surface Detention: |0,1

Percent Change in Flow Depth: In 2

e ]
(Save Files) §

™ Animate Flow within GDS

RunfLO-2D (Do Save FLO-2D
not Seve Files)

DOynamic Wave Stability Coefficient |1

Courant Number (range: 0.1 10 1.0) ’0-5

Close J

inputfiles
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Maximum
Flow Depths

[Overall volume conservation v
Timestep decreases - numarical stability [v
[Meximum floodplein velocites  [Ressonabie [No Aciion Necessary
\Variation in mvalues [v [Reasonable nvalue adjustments INo Action Necessary

Depth Legend

3 < DEPTH < 9.0

“

A

8

3

T

A

.

o
AARRRRRRRRANRNERY

DEPTH < TOL

A review of the SUMMARY.OUT file shows that the total infiltration
loss is 1446.36 Acre-ft. Close the GDS.

*%« QUTFLOW (ACRE-FT) ww**

OVERLAND INFILTRATED AND INTERCEPTED WATER 0.62 INCHES
OVERLAND FLOW WATER
WATER LOST TO INFILTRATION & INTERCEPTICN 1446.36
FLOODPLAIN STCRAGE 5134.93
FLOODPLAIN OUTFLOW HYDROGRAPH 423.82
FLOODPLAIN OUTFLOW, INFILTRATICN & STCRAGE 7005.11

o x|
[Excellent [No Action Necessary
(Good [No Action Necessary
\
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GREEN-AMPT INFILTRATION FROM SHAPE FILE

Step 8: Create a new project folder

In Explorer, copy the folder C:\Program Files\FLO-2D\Example Pro-
jects\Lesson 7 and rename it to Lesson 7 Global Green-Ampt. Open the
GDS and load the Lesson 7 project.

Step 9: Load Landuse and Soil shape files
Click File/Import Shape File...

New Project >
Open .TOP Project...

Open Exsting FLO-2D Project...

Save .TOP Project...

Save FLO-2D Fes...

Run FLO-2D...

Run Mapper

Run PROFILES
Run RAIN

Create FPiain. DAT and CadPTS.DAT
Create LEVEECRESTS.DAT

Tmport Image ’
Import Hevation Ponts 4

Import Ran Arcinfo ASCII Grid Fe....
Import HEC-RAS Channeks...
Import CAD Graphic Elements...
Import Levees...

Save Elevation Points....
Export...
Ext

Load the Landuse shape file found in Lesson 7 and repeat the process for

Soil shape file.
(% Select a shape file to import T x|
) L ~lesson7 v GreenAmpt - v 23 | search Green Ampt v
Organize v  New folder v «
Name [Datemodfied | rype <
Globa! 5/13/20138:41AM  Fie foider
Rain S/13/20138:91AM  Fle folder

I Test 5/12/2013 12:42PM  Fie folder

3/5/20028:03AM  S¥PFie
. Sod.shp 6/15/2002 2:46PM  SHP Fle

il | i

File name: [LandUse.shp ~| [EsRishapefites (shp) ~]

(] ow |

The shape files are shown in the following image.
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Step 10: Load Landuse and Soil tables;

Create Grid

Select
Assign Parameters to Selection

Interpolate Elevation Pomts
Interpolate from Multiple Elevation Fles....

Compute Manning Coefficents...

Compute SCS Curve Number

Compute Width and Area Reduction Factors
Compute Umiting Froude Numbers...

Define Boundary Grid Elements
Setup Computational Area
Create Gnd Layer

FLO-2D Model Lessons

Click Grid/Green-Ampt Parameters/Compute Green-Ampt Parameters...

Load the Landuse table by clicking the /mport Land Use Tables

_ImpotLendUse Teble |y tton. Repeat the process for the Soi/ table ""P°"S°_"I_°_°_’e.].

The landuse and soil tables are found in the Lesson 7 folder.

Select a shape file to import - Er o ) x|
v 83 | Search Green Amot £
R v N
Hame |eemodted | rype - IE
Gobal 5/13/20138:341AM  Fle foder
Ran SA3M1IEALAM  Fie foder

5/12/2013 12:42PM  Fie folder

02 8:05 AM P Fle

6/19/2002 2196 PM  SHP Fie

(s

File name: ILindUSf_Shp

] [ESRi Shapefiles (*.shp) =

cocs_|
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Click the From Imported Shape file radio button and select the shape file
LANDUSE.SHP. Select LDUSE ID as the field. Repeat the procedure
for the Soil tab. Select SO/L.SHP as the shape file and SO/L LID as the
field. Click the Compute Green-Ampt button.

Land Use | Soll I

Select Shapefile SelectField
¢ FromFile | @ From Imported Shapefile |

|LDUSE_LID -

( ||LanpusE sHP -]

CA\Users\Karen OBrien\Desktop\FLO-2D v2003 Docs\Webinars\Rainfall and Infiltration\Lesson 7\LandUseTable thl

Id [Description |Abstraction_[Imperv. erea % Vegetation % ISaturatlon S
1 "Agriculture” 05 ‘0 '85 T"normal” | T
{51 P ["Airpont" _ - -l_]:l 5 i55 60 "normal" |
[ I"Business Park" 0.1 ‘80 175 "normal” o
114 ""Community Retail Center (100,000 to 500,000 sq.ft)" 01 ‘80 . 175 ‘normal”
(S 1 "Dedicated or Non-developable Open Space" 0.35 ‘0 25 "normal"
| |6 !"Educational" - o 0.29 45 180 "normal”
{7 "High Density ReS|dentlaI ()1 5 du/al:re)" . _ 1025 45 50 "normal” |
{ | 18 _i"Hotel, Motel or Resort" e R 01 80 {75 "normal"
] ["Industrial” T ) 015 155 ) 160 "normal"
| |10 |"Institutional" . 01 ‘80 175 "normal"
[Ehh I"Large Assembly Area" ) 0.1 ‘80 75 "normal”
| 2 _"Large Lot Residential (>1 and <=2 du/acre)" 103 i15 150 "normal"
[E113 |"Medium Density Residential (>5 and <=15 du/acre)" 0.25 45 '50 "normal”
| 14 _"Neighborhood Retail Center (<100, []UU sq.ft)" 0.1 _ 80 75 _"normal"
[Beil15 _ "Office" . . 01 180 175 "normal"
|16 "Public Fac:llty“ . 0.1 80 75 "normal"
17 |"Recreational Open Space" o 01 0 _..1%0 _ o "normal"
[ l1a "Boginnal Dotail Contar (GO0 000 co " n1 a0 25 [ | v

Iﬂll Ill!l

Compute Green-Ampt Cancel
P!

Step 11: Save the FLO-2D Files and run the model

Save the FLO-2D data files and run the Model. Click File/Run FLO-
2D... and note the /nfiltration switch is checked. Click Run FLO-2D
(Save Files).
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FLO-2D Model Lessons

Time Control and Plot Variables Global Data Modification
Simulation Time (hrs): |5 lue Ad Floodplain
I n-+alue Adjustment. |0 Limiting Froude '0 B
Flow Depth for Depth |
Outputinterval (hrs) IU 1 Dumﬁon Anu_,yg,s I Shallow Flow |
€ TextS nvelve: |01
Graphics Display: X ScTRen Bulking Cancentration |0
@ Detailed Graphics r——
r I~ Backup File Area Reduction Factor |0
System Component Switches Floodplein Display Options
[~ MenChennel [~ Area Reduction Factors (ARF) Print Options: [Detailed Output ~]

I™ Steets Multiple Channels

I~ Iievess (Rill and Gullies)

Physical Processes Switches

¥ Rainfall C Mud/Debris
[V Infiftration! C Sediment Transport
¢ None

[~ Evaporation
I~ MODFLO-2D Modelling

Conveyance Structure Switches
[ Hydraulic Structures
[ Floodway Analysis
[~ Debris Basin

I~ Create Supercritical Output File

Check "Main Channel® to activate *Channel Print Options"

! ' %

Time Lapse Output

¥ Time Lepse Output OutputInterval (hrs) |0.1 i

Graphics Displey

Select "Detalled Graphics*® in *Time Control and Plot
Vanebles® frame

Update Time Interval (hrs). 0.1

Numenical Stability Parameters

Surfsce Detention !UJ
Percent Change in Flow Depth: [0.2

Dynamic Wave Stability Coefficient |1

Courant Number (range 0110 10) [0.6

[~ Animate Flow within GDS Run FLO-2D RunELO-2D (Do Save FLO-2D Close
(Save Files) not Save Files) inputfiles
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R Ass o [=] B

- FUQ-2D TLOW DEPTH

Maximum
Flow Depths

o1 Sununary e A _x]
rell volume conservetion v [Excellent [No Action Necessary
[Timestep decreases - numerical stability [# [Good [No Acton Necessary
[Meximum floodplain velocities [+ [Reasonable [No Action Necessary
[Variation in nvelues 7 |Reasonable nvalue adjustmants [No Action Necessary

Depth Legend
7.5 < DEPTH < 8.0
7.0 < DEPTH < 7.5
6.5 < DEPTH < 7.0
6.0 < DEPTH < 6.5
5.5 < DEPTH < 6.0
5.0 < DEPTH < 5.5
4.5 < DEPTH < 5.0
4.0 < DEPTH <4.5
3.5 < DEPTH < 4.0
30 <DEPTH <3.5
2.5 < DEPTH < 3.0
2.0 < DEPTH <2.5
1.5 < DEPTH < 2.0
1.0 < DEPTH < 1.5
0.5 < DEPTH < 1.0
TOL < DEPTH < 0.5

DEPTH < TOL

A review of the SUMMARY.OUT file shows that the total infiltration
loss 1s 2298.57 Acre-ft. Close the GDS.

#%%« QUIFLOW (ACRE-FT) ***

OVERLAND INFILTRATED AND INTERCEPTED WATER 1.10 INCHES
OVERLAND FLOW WATER
WATER LOST TO INFILTRATION & INTERCEPTION 2298.57]
FLOCDPLAIN STORAGE 4435.56
FLOODPLAIN CUTFLCOW HYDROGRAPH 264.68
FLCCDPLAIN OUTFLOW, INFILTRATICN & STORAGE 6998.81
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SCS Curve Number Spatially Variable Infiltration
Step 12: Open the GDS and load project

FANOTE*** Using an Explorer window, make a new folder in the Les-
son 7/SCS folder named “TEST”. Copy all the Lesson 7/SCS files to this
folder and perform the lesson in the TEST folder. ***NOTE***

1

il

Double click the GDS Basic icon from the desktop. - ’
From the GDS File menu click Open Existing FLO-2D Project...

New Project »

Open .TOP Project, ..

Save ,TOP Project...

Save FLO-2D Files..

Locate the folder Lesson 7/SCS and open the FPLAIN.DAT file. Click
Open and OK to load the project.

{2 Select a FPLAIN.DAT file to open g ! x|
[ 10 ~ Example Projects - Lesson 7 » 5C5 ~ > 2 | searchscs 2
Organze v  New folder v L2
Nare | Date modfed Type <

Test 5/12/2013 12:41PM  Fie folder

B soeamioar

d | 2
File name: {FPLAIN.DAT ~] {epranpan Re|
open <]  Conce |

Step 13: Assign a global SCS curve number

Double click any grid element to load the Attributes Editor window and
click Infiltration.
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Attributes of Grid Element Numbes 253

el

Floodplain elevetion (meters) ré[)

Manning coefficient |u,04
Limiting Froude Io_u

Delta . |1DUO
Element size (meters) Deltay |1_Ilﬂl]——

Reduction Factors. ] Multiple Channel l

Levee I
| Infitration I i‘ %
MODFLO-2D l
oK I Cancel |

B

Turn off the Green-Ampt global infiltration by clicking the check box
and turn on the SCS Curve Number global values by clicking the SCS
check box. Click the Grid Element Infiltration for element 492. Fill in
the Global SCS Curve Number and Global SCS Abstraction if necessary.

Infiftration (Element 492)
Method
[_r Green Ampt [¥ SCS Cunve Number l
The selected infiltration method(s) will be the same for all gnd elements.
Global parameters
P F
Global SCS Curve Global SCS
Number 1930 Abstrection |00
[v Grid element infiltration]
T 4
- —
[ SCS Curve Number: 990 ]
oK I Cancel I

Click OK and click File/Save FLO-2D Files... The INFIL.DAT file is
now located in the project folder.

Step 14: Load infiltration shape files

Click the File menu and select /mport Shape File...
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New Project 4

Open .TOP Project...
Open Existing FLO-2D Project....

Save .TOP Project...
Save FLO-2D Fles...
Run ALO-2D...

Run Mapper
Run PROFILES
Run RAIN

Create FPiain.DAT and CadPTS.DAT
Create LEVEECRESTS.DAT

Import Image »

Import Elevation Ponts »
Import Ran Arcinfo ASCIT Grid Fie...
Import HEC-RAS Channek...

Import CAD Graphic Elements...
Import Levees...

Save Elevation Points...
Export...
Ext

Select the /mperv.shp file and click Open. Repeat the process for the
Land.shp and Soil.shp.

Schect a shape file to suport B x|
)~ Exarpie Projects ~ Lesson 7 - 5C5 e @[seeass
Organze v New foder SR
Nare [Dotemocbed | mype E
Tes! 5/12/2013 12:31PV  Fle foider
Lord.s0 /1272007 SO AM 5P Fie
Soi.shp 5/312007 2:41PM  SHP Fle
4 | 2
Fie name: [imperv.shp =] [eswshapefites Cshp) =]
cos

The project should look like this:
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Step 15: Assign a SCS curve number from a single shape file

Click Grid/Compute SCS Curve Number/From Single Shape File...

Create Gnd

Select »
Assign Parameters to Selection 4
Interpolate Elevation Ponts
Interpolate from Multiple Elevation Fes....
Green-Ampt Parameters ’
Compute Manning Coefficients...

Compute Width and Area Reduction Factors From Multiple Shape Fles
Compute Lim&ing Froude Numbers... i
Define Boundary Grid Elements »
Setup Computational Area »
Create Grd Layer

Set the SCS Curve Number shape file to LAND.SHP and the field to
curven and click OK.

SCS Curve Number [ AND SHP -
shepe file: l j
S 2 &
field:
oK l Cancel I

Click File/Save FLO-2D Files... The INFIL.DAT file now has spatially
variable curve number data. The project should look like this:

B % 0 030 X SRR
58 5 W 8
Lt

505 R R SR I N R O AR
i SR 3

Step 16: Assign a SCS curve number from a multiple shape files
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Click Grid/Compute SCS Curve Number from Multiple Shape Files. Se-
lect the shape files and fields as shown below and click OK.

Compute SCS Curve Number o

Soil Shape File
Select shape file lgom SHP =
Select soil groups field ILanngil ;l

Land Cover Shape File
Selectshape file: | [LAND SHP =

Select cover denstty field lcov_den Z'

Impervious Cover Shape File

Selectimpevious field I‘Mp j

G| Cancel |

Turn off the infiltration view by clicking View/Components/Infiltration.
Click File/RunFLO-2D... Assign the FLO-2D Control Variables as
shown in the dialog box and click Run FLO-2D (Save Files).
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Summary

F1.O-2D Control Variables

Time Control and Plot Vanables

Simulation Time (hrs) F

Qutput Intervel (hrs) IO 3}

C Text Screen
[
Srophics Dispiay @ Detailed Graphics

= et I~ Beckup File
System Component Switches
™ MainChennel [~ Area Reduction Faclors (ARF)
™ Streets [~ Multiple Channels
T TEues {Rill and Gullies)
Physical Processes Swilches.
v Rainfall € Mud/Debris |
¥ Infittration C Sediment Transport |
C N |
[ Evaporstion £
[ MODFLO-2D Modelling
Conveyance Structure Switches

nvalue Adjustment [IJ

Flow Depth for Depth [_
Duration Analysis 0
Bulking Concentration: [0
Area Reduction Fector |0

Global Data Modification

Lcmn:ng Froude [0
Shellow Flow
nvalue IO 2

Floodplain Display Options

Print Options: [No Floodplain Outout >

[~ Create Supercritical Output File

Check "Main Channel* to activate “Channel Print Options"

Time Lapse Output
™ Time Lapse Output OutputInterval (hrs) ]m
Graphics Display

Select *Defailed Graphics® in “Time Control and Plot

[~ Animete Flow within GDS Run ELO-2D
(Save Files)

™ Hydraulic Stuctures Verisbles" frame
[~ Floodway Analysis
UUpdste Time Interval (hrs) 0.1
[ Debris Basin
Numerical Stability Perameters
Surface Detention 'D,l Dynamic Wave Stability Coefficient: |1

Percent Change in Flow Depth Iu 2

Runfl0-2D (Do Save FLO-2D
not Seve Files)

CourantNumber {range: 0110 10). |0.6

inputfiles Close

This lesson demonstrated that a watershed rainfall runoff and infiltration
model can be quickly developed with the GDS. The simplicity of this
process enables FLO-2D to be a valuable tool for watershed and urban
rainfall-runoff simulations. A more detailed storm analysis can be per-
formed with the spatially variable rainfall tool, moving storm or

NEXRAD real time rainfall simulation.
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Review Questions

1.

How many rainfall distributions are available as automatic input in FLO-2D?

True or False? It is necessary to use the rainfall distributions provided by FLO-2D?
Which infiltration configuration can be used with FLO-2D? Check all that apply.

[] Green-Ampt

[J  SCS Curve

[ ]  Combination of Green-Ampt and SCS Curve

If a combination of Green-Ampt and SCS curve infiltration is used, which method takes
precedence?

5. True or False? Green-Ampt infiltration method removes the volume from the rainfall?

Two *.tbl files are needed to compute Green-Ampt infiltration data. List the data catego-
ries recorded in the two files.

Briefly describe when to use the 3 variations of infiltration.

Rainfall and infiltration help documentation is found in which locations? Check all that
apply. .
[] GDS Manual [] PowerPoint Presentation

[] Data Input Manual [] Pocket Guide
] Reference Manual L] Workshop Lesson Book

List 3 ways to assign SCS Curve infiltration in the GDS.
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LESSON 8 — HEC-RAS TO FLO-2D CONVERSION

Overview

Required Data

File

Content

Many FLO-2D projects require improving existing flood maps created
from a HEC-RAS model by using an integrated channel and floodplain
flood routing analysis. This lesson will demonstrate how to load a HEC-
RAS channel into the GDS and convert it into a FLO-2D channel.  The
HEC-RAS data provided with this lesson was edited to a shorter river
reach. The channel was trimmed to just 15 cross sections and each cross
section was trimmed to the top-of-bank stations. It may be necessary to
edit cross section and channel data in HEC-RAS prior to importing the
data to FLO-2D.

The FLO-2D grid system files and a Geo-referenced HEC-RAS project
file are needed for this lesson.

Location*

BoiseCrk.prj

HEC-RAS Project

Example Projects\Lesson 8

6 *.DAT files

FLO-2D data files

*Typically these folders are in installed under C:\Users\Public\Documents\FLO-2D Basic Documentation

Step-by-Step Procedure

To create a FLO-2D channel from HEC-RAS data using the GDS, follow
these steps:

Open the GDS program and load Lesson §;
Import the HEC-RAS channel;

Create a FLO-2D channel segment;

Load aerial image;

Adjust the channel;
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Assign the cross section data to the channel,
Interpolate the cross sections;

Calculate the right bank elements;

Realign the right bank elements;

Create a channel outflow node;

Save and run the model.

Step 1: Open the Grid Developer System and load Lesson 8

***NOTE*** Using an Explorer window, make a new folder in the Les-
son 8 folder named “TEST”. Copy all the Lesson 8 files to this folder
and perform the lesson in the TEST folder. ***NOTE***

£

From the GDS File menu click Open Existing FLO-2D Project ...

Double click the GDS Basic icon from the desktop.

New Project »
Open .TOP Project...

Save ,TOP Project...
Save FLO-20 Files..,

Locate the folder Lesson 8 and open the FPLAIN.DAT file. Click
Open and OK to load the project.

% - Pro; v lesson8 ~ Search Lesson -
G- - et - 15 SEAS) sooch.cmns H T ——
Organze v  New folder = vy (i $
The following components will be loaded
Name | Dste modted Type - |s
st §/13/20139:42AM  Fle folder r r
® FPLAIN.DAT 9/23/2010 9:20 AM  DAT Fie r
{0 r‘
It 11
& &
-
1 =
< | i3
r‘ >
File name: [FPLAIN.DAT ~] [Fpramioan |
Open -I Cancel I m Cancel
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Step 2: Import the HEC-RAS channel

Click File / Import HEC-RAS channels...

New Project »

Open .TOP Project...

Open Existing FLO-2D Project...
Save .TOP Project...

Save FLO-2D Fes...

Run FLO-2D...

Run Mapper

Run PROFALES

Run RAIN

Create FPhin.DAT and CadPTS.DAT

Import Image 4
Import Blevation Ponts ’

Import Shape He...
Import Rain Arcinfo ASCII Grid Fle...

Import CAD Graphic Elements...
Import Levees...

Save Elevation Ponts...
Export...

Extt

In the Lesson 8 folder, open the BoiseCrk.prj file.

{2 Select a HECRASfletoopen SE40 A x|
0 ) ~ Example Projects ~ Lesson8 ~ v mISeardessonS 2]
Organze v  New folder : v @

[ Date modified | Type s
test 5/13/20139:92AM  Fie folder
BoseCri.pr; 5/13/20139:91AM  UitraEdit Document (...
‘ j 2
File name: {BoiseCrk.prj ] [HEC-RAS ProjectFiles (pr) v |
Open  + Cancel ]

The GDS will automatically convert the HEC-RAS cross section
data to into a FLO-2D cross section file XSEC DAT. Click Yes and
Save to complete the cross section conversion.

\ould you like to save aross sections from
C:'Users'\Public\Documents \FLO-2D Basic Documentation'\Example
Projects'Lesson 8\test\BoseCrk.pr] as a FLO-2D XSEC file?

R e T
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The left bank line of the HEC-RAS channel and the cross lines will
be loaded in the GDS. These are reference lines to be used to cre-
ate the channel features. They do not represent FLO-2D channel
data. That data will be created in the remainder of the lesson.

Step 3: Convert the HEC-RAS channel to a FLO-2D channel

On the Tools menu click Convert HEC-RAS Channels to FLO-2D Chan-
nel Segments.

Options. »
Measure Distance along Line

Compute Average Point Rainfal Depth
WVMW

Levee Express Editor
Floating Varables Express Editor

Create Channel Segment with a Polylne
Create a Cross Section

Assign a HEC-RAS Cross Section to a Channel Element:
Auto Assign HEC-RAS Cross Sections to Channel Eements
Convert HEC-RAS Xsec to FLO-2D

L s e 4 a4

Click Yes to create a grid layer and OK to close the dialog box.

FLO_2D Grid Deyeloper = A . | w x|
i i ired. It has not been created. Would you like to create i? This new channel segment has grid elements with no data.
et it s ¥ e it the channel seqment to add datato &,
e =]
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Step 4: Load aerial image

Click File / Import Image / Individual Image... In the Lesson 8 folder
open the * bmp image.

Select images to import S "“‘; o 21x|
Look in .”;LessonB "I \ @C‘fg'

>4 project_area.bmp

File name: r

Files of type: lStandavd image formats
T~ Open as read-only

nn
i

Step 5: Realign the channel segment
Zoom in on the channel.

R/
R
ot
..".!-—!4 . ?
- - * '
-
L 1 et
W
F5e i
[ s
» Wi

i B
s e

The image below shows that the channel segment does not always align
to the left bank (Green Line). It is necessary to realign the channel seg-
ment to the left bank. Left click anywhere along the channel and click
Realign Channel.
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Reslign Channel
Apply.

Realign the remaining channel elements using the background image and
Green Line to help determine the left bank.

The align channel tools are shown below. After using pan or zoom out,
start editing again by clicking the Edit Channel button. Click the insert
channel node button to add a channel element.

Edit Channel
Pan Node
Note: To remove a ‘channel node, 100% View Q‘ le’ 5 ' ‘;’l .l lr:ssrlChannel
drag it into a neighboring node. v | ode
Previous Activate
View Zoom

To realign the channel, click and drag the blue dots to the desired grid el-
ements. Once the channel alignment is finished, click the App/y button.

Realign Channel
Apply l Cancel

The following dialog box will appear as a reminder to add new channel
element data such as channel (e.g. width and depth for rectangular geom-
etry or cross section data for natural channels) and to recalculate the right
banks. Click OK.

FLO_2D Grid Developer s SO x|

> After realignment, channel segment may have new elements, Please add data to new elements.
;l/ For N type elements, interpolation of cross sections may need to be performed.

You also need to recalculate the right banks,

Exl]
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The interpolation and the right bank assignment will be completed later
in this lesson.

Step 6: Assign the cross section data to the channel

Save the FLO-2D data files by clicking File/Save FLO-2D Files. Click
View/Cross Section Numbers.

View Al

Zoom Out Previous View
Zoom Out 10%

Pan

Layers Lst...

DTHM Paint Blevations Rendering...
Track Bevation Points

Gnd Element Numbers

Gnid Element Elevation Values

Gnd Element Manning's n-vValues

Gnd Element Curve Numbers

Gnd...

Components 4
v Hevation Points

Manning’s n-Values Renderng

Gnd Bement Bevation Rendenng

Highight Grid Element Number....

Cels Without Cross Section Numbers

Redraw

From the Tools menu, select Auto Assign HEC-RAS cross sections to
Channel Elements and click OK.

Options Ly
mmostancealuﬁu»e {
Gompute Average Point Rainfal Depth

Interpolate Variable Ranfal

Levee Express Edtor . |
Floating Variables Express Edtor ; ‘
Create Channel Segment wih a Polylne !
Create a Cross Section

Assign 3 HEC-RAS Cross Section to a

Ao A HEC RAS ¢

Channel Element
o Bements

WS Cross Sectans to Chans
Convert HEC-RAS Xsec to FLO-2D

ARTEEGR R Qe 0 RO 2D S e

FLO_2D Grid Developer A x|

15 HEC-RAS crass sections were assigned to channel elements

Once all HEC-RAS cross sections have been assigned click a channel el-
ement and click Edit Channel Segment Parameters.
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Modify Channel Segment
Delete Channel Segment
Invert Channel Segment Direction
Realign Channel

Realign Extensions

Plot Cross Section

Assign Cross Section Number

Plot 30 Channel

Clear Problematic Right Banks

Review the list of cross sections for mistakes such as assigning the same
cross section twice. Fix any potential cross section problems by chang-
ing the Cross section number. Click OK and Yes to Validate the table.

Segment control
Roughness ady Compute scour/deposition with
Maxmum Froude number [0 coefficient [0 ;nm transport routine: o
Initial flow depth
Initial flows depth for all channel elements: ‘g
™ Intial Flow :
' 3 wir ‘r | 3 I T
Channel geometry = el e
Edt_| Element | LB Elev. |RB Elev.| Width | Depth |/X Sect [\eftSlope|[Ra]
Number of channel PO 13 9817 1 _
elements in segment: 14 9767 0
15| 9703 0
Interpolate Cross Sections | ‘,l :g g
Calculate Right Banks I 1 3 g: g
. p—— 200 9346 3 <
xamine anks ~ = @
—-—-——I L | _'l—|

Assign this Shape Total channel
to Selection: r segment length: “4‘“ 073

=
| f | F f

‘ , | | F— |

— § F r §

Right Bark Cell [5

OK I Ea;\cel I

Step 7: Interpolate the cross sections

Only 15 channel elements have cross sections assigned so far. It is nec-
essary to interpolate these cross sections to the intermediate channel ele-
ments without cross sections to complete the channel geometry. Left
click anywhere on the channel and click Edit Channel Segment Parame-
ters.
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Modify Channel Segment

Delete Channel Segment

Invert Channel Segment Direction
Realign Channel

Realign Extensions

Plot Cross Section

Assign Cross Section Number

Plot 30 Channel

Clear Problematic Right Banks

Click the Interpolate Cross Sections button on the Channel Segment dia-
log box.

Intespolate Cross Sections I

A series of message boxes will appear. Click OK through all of them.

HLO_2D Grid Developer TR i

Do not interpolate the cross section slope and geometrbashanmal slamans -
all cross sections have been prepared in XSEC,DAT a (R RURPADERaT EpTZ0 (172113
have been assigned to channel elements in the GDS Ct

WARNING: there are 1 channel segments without outflow element.

E It is recommended that afl channel segments have outflow conditions.
R 0 20 Grid Oeveioper
‘i/ Interpolation was performed.
Channel segment dialog will be loaded again to update the values.
.
Imm:;egr::;; Ir:;(rgt;; ;;c:; ﬁ _! / Press OK to continue

[ ] cwen |

Now each channel element has an assigned or interpolated cross section
and the XSEC.DAT file has been updated. Note that the original cross
section names are now preceded by X- in the XSEC.DAT file.

Once all the cross sections have been interpolated, a cross section plot
for each channel element can be viewed. Left click the channel and click
Plot Cross Section. On the cross section plot, the Previous and Next but-
ton options can be used to move upstream and downstream through the
channel elements.

Edit Channel Segment Parameters
Modify Channel Segment

Delete Channel Segment

Invert Channel Segment Direction
Realign Channel

Realign Bxtensions

Plct Cross Section

Assign Cross Section Number
Plot 3D Channel

Clear Problematic Right Banks
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Step 8: Calculate the right bank elements

Click the Calculate Right Banks button on the Channel Segment dialog
box. Click Save and Recalculate.

Calculate Right Banks |

Recalculate Right Banks

‘When recalculating the right banks FLO2D files may need
to be saved Would you ke to save the files?

Cancel ]

Click OK through the series of dialog message boxes. Note the last col-
umn of channel right banks in the Channel Segment dialog box is now
filled.

Step 9: Fill in missing right bank elements and realign right banks

It may now be necessary to manually adjust the right bank elements. In
some cases, the right bank element is not calculated an must be input
manually.

HLO 2D Grid Developer e x|

0 WARNING: the folowing channel grid elements have D right bank.
5142

Lo 7]

Zoom in on a missing right bank. Choose a right bank element that fol-
lows the general line of the right bank. Write down the grid element
number of the desired right bank element.
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Left click the channel and select Edit Channel Segment Parameters.

Modify Channel Segment
Delete Channel Segment
Invert Channel Segment Direction
Realign Channel

Realign Extensions

Plot Cross Section

Assign Cross Section Number

Plot 30 Channel

Clear Problematic Right Banks

On the channel geometry dialog box, click the £dif button.

Chennel geometry

Edit | Element | Depth | XSect | LeftSlope |Right Slope] Right Bank RN
Number of channel 48 5613, 48
elements in 49 5495 43

50 5377 50

51 5259 51
Interpolate Cross Sections I 52 5142, 50
53 5143 53
Calculate Right Banks 54 5144 54
55 5026 55
Examine Right Banks I 4 56 5027, 56

<

Assign this Shape Total channel
I to Selection M segmentlength: [1485685
SR S . A TNl NIRRT ST N At TN A\ s et

Select the missing right bank element by clicking on the cell with a zero
init. Enter the desired right bank element in the Assign this Value to Se-
lection dialog entry and click the button. When finished, click OK to
close the Channel Geometry dialog box and OK to close the Channel
Segment dialog box and Yes to Validate the Channel Variables.
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Channel Geometry

Element |Shepe|RB Elev] Width | Depth | XSect |Left Slops [Right Slope| Right Benk
47 5732 N| 47
48 5613 N 48
49 5435 N 49
50 5377] N 50
51 5259 N 51
52 5142 N 52
53 5143 N 53
54 5144 N 54
55 5026] N 55
56 5027 N 56
57 4303 N| 57
L‘J & @l N ]

Cut and Paste ==

Assign this Yalue to
: = CopyCurentRow|  Besteo Seleded]

Rows

Zoom in on the upstream section of the channel and pan downstream un-
til a right bank adjustment is desired. Click on the channel and click Re-

align Extensions.

Edit Channel Segment Parameters
Modify Channel Segment

Delete Channel Segment

Invert Channel Segment Direction
Realign Channel

Plot Cross Section

Assign Cross Section Number
Plot 30 Channel

Clear Problematic Right Banks

Once the right bank elements are aligned save the FLO-2D files.

Step 10: Create a channel inflow and outflow node

Inflow Node

Right click on the first channel element and click /n/Out Condition for

Element ****,
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In/Out Condition for Element 9819
Resesvoir Water Elevation for Element 9819

Fill out the /n/Out Condition dialog box as shown below and click Read.

In/Out Condition for Gnd Element 7382 S

@ Inflow element with hydrograph

. QK l

" Outflow element {no hydrogreph)
€ Outflow element with hydrogreph (diversion)
€ Qutlow element with stage-ime relationship

Qutfiow element with stage-time and free
floodplain and channel

@ Floodplain {

€ Chennel outfiow element (with stage-discherge)

¢ Noinflow/outilow condition

Hydrograph (F20_TO_GDS_ 1 HYD)
™ Mud hydrograph

Time

I Read |

View Graph l I |2

Inial time Finaltime

Cencel I

Select the HYD file and click OK.

.
Select hydrograph file type
C HEC file
 TAFE21 file

@ HyOfile
¢ AsClifle

0K l Cencel ’

Load the file F2D_TO _GDS 1.HYD. Click the View Graph button.

Hydrograph (F2D_TO_GOIS_1 HYD)

™ Mud hydrogreph

[TBesd |

SM'

Edt

View Graph I '

Inftial ime: Finel ime
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Hydrograph (F2D_T0_GDS_ 1.HYD)

Dizeharye

20

Tize

[vewtme | [

Intial Time Final Time

P

Interval

Click OK to close the plot and then click OK to accept the inflow hydro-
graph.

Outflow Node

Right click on the last channel element and click /n/Out Condition for

Element ****,
Reservolr Water Elevation for Element 3881 l

Fill out the /n/Out Condition dialog box as shown below and click OK.
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In/Out Condition for Grid Element 4350

 Inflow element with hydrogreph

[ @ Guiftow siement o hysiogreph)

C Outflow element with hydrograph (diversion)
¢ Qutllow element with stage-time relationship

Outflow element with stage-time and free

floodplein end channel
Floodplain and
Chennel

 Channel outfiow element (with stage-discherge)

€ Floodplain  Channel

¢ Noinflow/outlow condition

Head
TR
it

JEEC )

oK Cancel l

In this case, the outflow node is higher than one of its neighboring grid

elements.

F10_20 Grid Developer

WARNING: The outfiow element 4350 should have a lower elevation than the

upstream contiguous non-cutfiow elements.
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The outflow cannot be calculated correctly unless there is a negative
slope. Create a negative slope by lowering the grid element elevation at
the outflow node to just less than the lowest neighboring grid element.
In this case the lowest elevation is 793.65. Double click the outflow grid
element near the red oval to activate the Attributes of Grid Element
Number ****_ Lower the elevation and select OK.

Floodplein elevation (feet)
Manning coefficient IU'“27
Limtting Froude Iu,u

|20
Element size (feef) g::::: l—z-o—

Reduction Factors I Multiple Channel I
Levee e, I

5

g
EN Hhy

Infiltration r zn :ID( th?rs discharge with
e

19581 ‘ 0 MODFLO-2D l

i

Inflow and outflow parameters are defined and the model is ready to run.

Step 11: Save and Run

Click File/Run FLO-2D... Make sure the FLO-2D Control Variables di-
alog box is filled in like the one below. Click Run FLO-2D (Save Files).

Summary

This GDS lesson demonstrates the steps required to create a natural
channel from a HEC-RAS channel. The HEC-RAS data used in this les-
son was edited to fit FLO-2D top-of-bank stations. All cross sections
were trimmed to the bank stations and the channel was trimmed to just
15 cross sections. The lesson also illustrates the channel editing tools
available in the Basic GDS.
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Review Questions

1.

Identify three types of channels that can be used in FLO-2D?

True or False It is necessary to have a Geo-referenced HEC-RAS project to import
channel into the GDS?

Which bank is the channel segment assigned to?
[[] Right bank looking downstream

D Left bank looking downstream

[]  Channel thalweg

Which tool is used to convert HEC-RAS cross section data when the project is not geo-
referenced?

True or False It is recommended to align the left bank prior to entering the channel seg-
ment attribute data?

Which program is used to view and edit channel bed slope and cross section data?

. The right bank assignment in the following image is incorrect. Explain how to fix it.

If a channel outflow node is assigned to the last channel element of a segment and the
slope is negative the model will terminate with an error. Explain how to fix this problem.

Channel help documentation is found in which locations? Check all that apply.

[] License Documentation [] PowerPoint Presentation
[] Data Input Manual [] Pocket Guide
[] Reference Manual [] Workshop Lesson Book
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LESSON 9 - HYDRAULIC STRUCTURES

Overview

Discharge is controlled by hydraulic structures using either rating curves
or rating table data in FLO-2D. A rating curve or table can be made for
bridges, weirs, culverts and other hydraulic structures using HEC-RAS,
weir equations, culvert equations/tables or various hydraulic structure
software programs. Hydraulic structure data is entered using the GDS.
This lesson details the process of creating hydraulic structure data files.

Required Data

The FLO-2D grid system files and a hydraulic structure rating table data
file are needed for this lesson.

File Content Location*
6 * DAT files  FLO-2D data files \Example Projects\Lesson 9
Rating table...  Rating table data \Example Projects\Lesson 9

*Typically these folders are in installed under C:\Users\Public\Documents\FLO-2D Basic Documentation

Step-by-Step Procedure

To create a FLO-2D channel from HEC-RAS data using the GDS, follow
these steps:

Open the GDS program and load Lesson 9;

Load aerial image;

Locate and create all hydraulic structures;

Enter rating table data for the detention basin outlet works;
Save the project;

Manually enter the rating table data;

Reload project in GDS and run the model.
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Step 1: Open the Grid Developer System and load Lesson 9

¥*¥*ANOTE*** Using an Explorer window, make a new folder in the Les-
son 9 folder named “TEST”. Copy all the lesson 9 files to this folder and
perform the lesson in the TEST folder. ***NOTE***
P l
e
Bl

From the GDS File menu click Open Existing FLO-2D Project...

Double click the GDS Basic icon from the desktop.

New Project »

Open .TOP Project...

Save ,TOP Project...
Save FLO-20 Files...

Locate the folder Lesson 9/TEST and open the FPLAIN.DAT file. Click
Open and OK to load the project.

€& Sclect a FPLAIN.DAT file to open - x|
/. /| ~FLO-2D v Example Projects ¥ Lesson 9 v test ~ ¢ [ search test "y
:
Organze v  New folder = v o
FLO-2D VZD_:J Name ] Date modified l Type The following components will be loaded
Lbraries ¥ FPLAIN.DAT 2/14/2011 8:45 PM DAT Fie ¥ Chennels % infitration
Documents
v Reduct
FLO-2D [¥ Reduction factors i
4 Music [V Streets ]
Pictures
B videos [V Outflow elements 3
4% Homegroup [¥ Inflow elements R
& Computer [ Levees
L. HP(C) - -
FACTORV_D_'J < I I _.]
r
File name: | JRENETE | [pLanoaT; ~
Open 'l Cance! | [TAaR ] Cencel

Step 2: Importing aerial images (see Lesson 1 - Step 4)
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Step 3: Locate and create all five hydraulic structures

Use the following image to locate and enter 5 hydraulic structures.
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The first hydraulic structure is the outlet works for a detention basin.
Click Tools/ Hydraulic Structures/Create New Inlet and Outlet Grid El-
ement.

Options »
Measure Distance along Line
Compute Average Point Rainfal Depth

Levee Express Editor
Foating Variables Express Edttor

Create Channel Segment with a Polyine
Create a Cross Section

Assign a HEC-RAS Cross Section to a Channel Bement
Auto Assign HEC-RAS Cross Sections to Channel Bements
Convert HEC-RAS Xsec to FLO-2D

Convert HEC-RAS Channels to FLO-2D Channel Segments

Delete HEC RAS Channels
Delete HEC RAS Crass Sections

Create Street Segment
Create Street Segment with a Polyine

Create Levee Segment wkh a Polyline
Create Detention Basin

Mud and Sediment Transport
Evaporation

MODFLO-2D Smulation

I S] i 5rctes Doy
Rain
Breach Select Existing Hydraulc Structure
NOFLOCS »

Find Watershed
Create Foodplain Cross Sections

Levee Profie
Street Profie

Click OK then click the two grid elements in the order shown in the fol-
lowing image:

FLO_ 2D Grid Developer

 Detenion Bsin |
A Nty
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Once the outlet element is clicked, the Hydraulic Structures dialog box
will appear. The Change button in the Hydraulic System Structures
group allows the user to enter the data as shown in the Add Hydraulic
Structure dialog box. All structures are presented in the following im-
age. Use it for reference.

Hydraulic Structures L R

Hydraulic System Stuctures

& EPh:"J Rating r!’nlm Outlet | Tail I Eg.' I Culy. I guv

tiucture Name in | Table ode Node | Water Len iam.

1 DetBasin  FP/C T 1423 1428 0 4703 0 0 -;Aﬂ-J
2 WCulvert c T 2241 2276 0 0 0 0

3] ECulvert C T 4% 2537 0 0 0 0 _Change |
4 Hesow C T 4559 4558 0 0 0 0
5 H260E C T 4665 4664 0 0 0 0 Delete

=

o]
Warning: Do not enter spaces in the | Lk
Name field. ¢

R
Hint: The rating table data is found gz |
in the Rating Table Data.xls file in Ty ey ; :
the Lesson 9 folder. S| Diachge e Tl —

0 0 0

g : ‘ :
Do |

ok | Cancel |

The Change button in the Structure Rating Table group is used to enter
the rating table data using the Rating Table dialog box. Enter a rating ta-
ble of 0,0 and 1,1 for all structures. Data will be filled in for all tables at

once later.
Add Hydraulic Structure 5y
Shucture Name:  [DetBasin
Flood Structure
q : ~ Pt P [Roting Table
Hint: The Headwater Depth is only o * Chamel
used when the structure doesn’t turn iS0eee et I
X - ¥ 5 E Discharge: 10
on until the water surface elevation e S e
must reach a specified value. '
InletNode: [428 S
Outlet Node: [1428
Tai Waler Effect [Rating Table 8
eff levati
H ’amhsad:t;‘rm' |4703 Depth: |1
Culvert or Condutt Length: Iu Discharge: Iﬂ
Culvert or Conduat Width: |0 ’
0K I Close I 0K I Close J
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Zoom in on the second group of hydraulic structures and assign the inlet
and outlet node for each structure. Click 7ools/ Hydraulic Struc-
tures/Create New Inlet and Qutlet Grid Element. Enter the Hydraulic
Structure control data and 0,0 1,1 rating table data. The rating table data
will be filled for all structures in Step 5.

o |
i’k

- . 2 x>
N7 ik, b .:’_— -! - o

Add Hydraulic Structure

Add Hydraulic Structure s

Structure Name:  {wCulver]

Structure Name:  [ECulver{
Flood Structure Flood Structure

r IS Floodplain to c ~ Floodplain to
Floodplan Channel Chaeed | Floodplam Channel Chennel

Structure Rating
¢ Stucture Rating Curve (& Structure Rating Table

InletNode: [2241

Outlet Node: {2276

Tail Water Effect ™
Referenice Elevation above

Headwater Depth |U
Culvert or Conduit Length: ID
Culvert or Condut Width 10

o« | cose |

Structure Rating
¢ StuctuieRating Curve & Structure Rating Table

Inlet Node: 12439
OulletNode [2537

Tail Water Effect T
Reference Elevation above
H;

eadwater Depth !U
Culvert or Condut Length: 10
Culvert or Condut Width: [0

Zoom in on the final group of hydraulic structures and assign the inlet
and outlet node for each. Click Tools/ Hydraulic Structures/Create New
Inlet and Qutlet Grid Element. Enter the Hydraulic Structure control da-
ta but do not enter the rating table data.

eow N 2GR H260E
1 3" "' 2 §
—y 'l!" 2 =y & {
> e (8
% | .
- 1
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Add Hydraulic Structure T Add Hydraulic Structure o
Structure Name:  [H260W Structure Name:  fH260E
Flood Structure - - - Flood Structure )
i Floodplain to ‘@ - q Floodplainto
{ Floodplain  (+ Channel ¢ Chancel Floodplam (¢ Channel ¢ . ]
« Structure Rating - = i~ Structure Rating
 Structure Rating Curve {5 Stucture Rating Table " Stucture Rating Cuive (& Structure Rating Table
InletNode: {4553 InletNode: [4665
Outlet Node. {4558 Outlet Node |4684
Tail Water Effect [~ Tail Water Effect T
Reference Elevation above Reference Eleyation above

Headwater Depth IU Headwater Depth ’0

Culvert or Conduit Length ‘0 Culvert or Conduit Length ‘D

Culvert or Conduit Width iU Culvert or Condutt Width IU

ok | cese | oram | e

Step 4: Save the FLO-2D data files.

Click File/Save the FLO-2D Data Files to the Lesson 9 Test folder.

Click OK to select an inflow hydrograph for the graphic display. Click

Save NOFLOC:s List.

NOH OCs

The following channel elements are potential NOFLOCs
(contiguous channel elements thet perhaps should not
share discharge) Remove any a pair of NOFLOCs that
constitute the connected channel flow path

4558 4612

4559 4613

@Es}nrg FLOCs Lis

Inflow element number whose 'i’
hydrograph is to be plotted

> Seve Do Not Save

oK I Cancel I NOFLOC list l NOFLOCS list

Cancsl

Step 5: Fill out the hydraulic structure rating table data

Open the HYSTRUC.DAT file in the Lesson 9/Test folder using Word-

Pad®, UltraEdit®, TextPad® or NotePad®.
S e MR ¥

8 HYSTRUC.DAT - Hotepad & =loixi
Fle Edt Format View Hebp
[F petBasin 2 1 1429 1428 0 4703 0 0 =1
T 0 0
T 1 1
S WCulvert 1 1 2241 2276 0 0 0 0
T 0 0
T 1 1
S ECulvert 1 1 2498 2537 0 0 0 0
T 0 0
T 1 1
S H260W 1 1 4559 4558 0 0 0 0
T 0 0
T 1 1
S H260E 1 1 4665 4664 0 0 0 0
T 0 o
T 1 1
Ly o
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Cut and paste from the Excel file to complete the HYSTRUC.DAT file.
It may be necessary to replace tabs with spaces if using NotePad or
WordPad.

Ml HYSTRUC.DAT - Notepad R s v < =10l x|
Fle Edt Format View Heb
DetBasin 2 1 1429 1428 0 4703 0 0

0 20 Note: Use the same data for High-
e I I Sl way 260 W and E.

33 322 Hint: Replace all Tabs with Spaces

g% 859 when copying data from Excel.

s |
ECulvert 1 h | 2498 2537 0 0 0 0
00 0

63 10
18 30
87 70
25 100

H260W 1 1 4559 4558 0 0 0 0

e e e e 2 e e e e e e e R e e e e R 7 e e e e R
NNNFREHEO HFONNUWNNEREREROO NOOUMEBENNNEOO HOOOOOO
< R O
wt
-
S
N
~

.36 87
v
_'_l‘-"

-

Step 6: Reload the project in GDS and run the model

The project data files were edited outside the GDS. Reload the project
by clicking File/Open Existing FLO-2D Project...

173 | Lesson 10



LO-

-
)

)|

) Model Lessons

New Project ’
Open .TOP Project...

Save TOP Project...

Save FLO-2D Fles...
Run FLO-2D...

Run Mapper

Run PROFILES
Run RAIN

Create FPlain.DAT and CadPTS.DAT
Create LEVEECRESTS.DAT

e e peal

9~ . ¥ FLO-2D v Example Projects ¥ Lesson 9 v test

Organze v  New folder

FLO2D0v20 4] Name - | pate modfied [ Type

Libraries
Documents
FLO-2D

« Music
+ Pictures
8 videos

+% Homegroup

& Computer
)
FACTORY_' | ¢ | | o
File name: [FPLAIN dat ~] [Foram.0an =l
Open v Cancel l

Click File/Run FLO-2D and fill out the Control Variables dialog box as
shown below. Click Run (Save Files).

Time Control and Plot Variables Globel Date Modification
Simuletion Time (hrs) Is l S Floodplain
freuendlisment:Jo Limiting Froude  {0.85
Flow Depth for Depth
Outputintervel (es) 01 Do Aragb | ShelowFow -
 TextS n-velue '
Graphics Displey- ext screen Bulking Concentration ID
@ Detalled Grephics l——-—-——
i [~ BasklinFie Area Reduction Factor IO
System Component Switches Floodplein Displey Options
I Mein Chernel 7" Avea Reduciion Faciors (ARF) PrintOptions {No Floodplein Output ~i
v Street:
fv Sieate Multiple Chennels [~ Creete Supercritical Output File
[v li5vess (Rill and Gullies)

Channel Display Options
Check "Main Channel” to activate *Channel Print Options™

Physical Processes Swilches

Channel Prnt
™ Rainfall € Muc/Debris Options |No Chennel Output ~]
¥ Infitration € Sediment Transport
¢ Nene Time Lapse Output

I~ Evaporation

™ Time Lepse Output Output Interval (hrs): [0
[~ MODFLO-2D Modelling o g

Graphics Display
Conveyance Structure Switches
Select “Detailed Graphics® in *Time Control and Plot
v Hydraulic Structures Vanables” ieme
™ Floodway Analysis
Updete Time Interval (hrs). {0.1

™ Debns Besin

Numerical Stebility Parameters

Surface Detention 'n 1 Dynemic Wave Stability Coefficient {-0.25
Percent Change in Flow Depth 'GZ_— CourartNumber (range 0110 10) |06

[ Animate Flow within GDS Run £LO-2D RunFLO20 (Do Seve FLO-2D Close
(Save Files) not Save Files) Input files
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=lalx

Node Spacing (ft) 50.00
Simulation Time 1.90
Current/Ave Timestep 2 1.05
Volume Conservation
acre-ft % of inflow
0.000000 0.000005

T% INFLOW HYDROGRAPH/RAINFALL =

ograpn (C1s

|
|

Depth Legend
<DEPTH < 10
<DEPTH <95
<DEPTH <90
<DEPTH <8.5
<DEPTH <8.0
<DEPTH <75
<DEPTH <7.0
<DEPTH <8.5
<DEPTH <6.0
<DEPTH <55
<DEPTH <50
<DEPTH <4.5
< DEPTH <4.0
<DEPTH <35
< DEPTH <3.0
<DEPTH <25
<DEPTH <2.0
<DEPTH <15

5 <DEPTH < 1.0

TOL < DEPTH <05

DEPTH < TOL

O=4“NNWWALNNOONNDOOO
couowocuvwonmouvwowowowow

|
|

— T o= T o

Review Questions

1. Name 3 sources of rating table data?

2. True or False? A hydraulic structure can transfer flow from a channel to the floodplain?
True or False? A hydraulic structure can transfer flow both upstream and downstream?

4. How many cross sections are needed to create a hydraulic structure rating table in HEC-
RAS?

5. True or False? A channel hydraulic structure cannot have any channel elements in be-
tween the upstream and downstream nodes?

Which output file reports hydraulic structure flow data?

Name 5 different hydraulic structures that can be modeled with a rating table:
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8. Briefly explain how the head reference elevation works for a hydraulic structure:

9. Hydraulic structure help documentation is found in which locations? Check all that ap-

ply:

[] License Documentation [[] PowerPoint Presentation
[]  Data Input Manual [1 Pocket Guide

[] Reference Manual [] Workshop Lesson Book
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LESSON 10 - LEVEES, WALLS ano BERMS

Overview

This lesson outlines the procedure for creating and editing levee data us-
ing the GDS. The FLO-2D levee component can be used to simulate any
embankment feature including berms, roadway and railroad embank-
ments, floodwalls, sound walls, and privacy walls.

Required Data
The FLO-2D grid system files are needed for this lesson.

File Content Location*

6 * DAT files FLO-2D data files \Example Projects\Lesson 10
Levee Points.xyz Levee Polyline Data \Example Projects\Lesson 10
LeveePolyGoat.xyz Levee Polyline Data \Example Projects\Lesson 10

*Typically these folders are in installed under C:\Users\Public\Documents\FLO-2D Basic Documentation

Step-by-Step Procedure

To create a embankment structure using the FLO-2D levee component in
the GDS, follow these steps:

e Open the GDS program and load Lesson 10;

e Load aerial image;

Create berm around detention basin;

Build a levee along channel using the polyline tool;
Create a sound wall with a polyline;

Create a levee from an imported 3-D polyline;
Import levee along levee crest points;

Save and run.

177 | Lesson 10




FLO-2D Model Lessons

Step 1: Open the Grid Developer System and load Lesson 10

**¥ENOTE*** Using an Explorer window, make a new folder in the Les-
son 10 folder named “TEST”. Copy all the Lesson 10 files to this folder
and perform the lesson in the TEST folder. ***NOTE***

4

From the GDS File menu click Open Existing FLO-2D Project...

Double click the GDS Basic icon from the desktop.

New Project »

Open ,TOP Project. .,

Save ,TOP Project...
Save FLO-2D Files...

Locate the folder Lesson 10/TEST and open the FPLAIN.DAT file.
Click Open and OK to load the project.

£ Sclect a FPLAIN.DAT fike to open - x|
‘3._ ¥ FLO-2D v Exampie Projects ¥ Lesson 10 ¥ Test v 23 | Search Test |
Organze v  New folder B w 12
FLO20v20A]  Name | pate modied [ Type
iisries » FPLAIN.DAT 2/23/2011 12:46 PM  DAT Fle
Documents
FLO-2D
{ Music
~ Pictures
& videos
@}y Homegroup
& computer
L HP(C)
FACTORY I o | | | 2l
File name: [FOLAIN.DAT | [iepLamoan =~
Open 'I Cancel l

Step 2: Importing aerial images (see Lesson 1 - Step 4)
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Step 3: Create a berm around the detention basin.

Zoom in on the detention basin. This detention basin was created by low-
ering the grid element elevations. The berm (using the levee component)
will increase the detention basin storage.

The elevation of* each cell within the detention basin was lowered to
4702 ft. Click View/Grid Element Elevation Rendering.

View Al

Zoom Qut Previous View
Zoom Cut 10%

Pan

Layers List...
DTH Paint Blevations Rendenng...
Track Elevation Points

Gnd Element Numbers

Gnd Element Blevation Values
Gnd Blement Manning's n-Values
Gnd Bement Curve Numbers

Gnd...

Components 4
v Elevation Points

Non-Interpolated Grid Bements

Manning's n-Vaiues Rendering

Hghight Grid Blement Number....

Cross Section Numbers
Cels Without Cross Section Numbers

Redraw

Use the Select Element by Element i‘ button to select the grid elements
surrounding the detention basin.
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Turn off the elevation rendering by clicking View/Grid Element Eleva-
tion Rendering. Click Grid/Assign Parameters to Selection/Levee.

Create Grid

Select >
T ¢ otors

3 G Manning Coefficents

Interpolate from Muliple Eevation les. Are 20 Width Beilicton Factors

Green-Ampt Parameters »  Multiple Channels

Conpins .. Inflow/Outflow Condition

Compute SCS Curve Number No D ge Excha

Compute Width and Area Reduction Factors Tme-\ S Cron lnge Head

Compute Limting Froude Numbers... Rigid Bed

Define Boundary Grid Elements »  Umiting Froude Number

Setup Computational Area 4

Create Gnd Layer

Assign a levee crest elevation of 47/3.00 ft to the north cutoff direction
and click OK.

Levee deta

[ Minimum Floodplein elevation (feef) (of selected gnd elements)

Flow direction cutoff and levee crest elevation

™ Nohwest ¥ Noh ™ NorthEest
471300
t
[ Wes [f70z0 I Eost
™ Southwest [ South ™ SouthEast
Assign levee crest elevation Selectdirections
Assign to all I l—_ Selectall
Assign to selected ’ Unselectall

[~ Levee failure for this direction (North)

TTHTT

oK I : Qancel4l
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Hide the hydraulic structures by clicking View/Components/Hydraulic
Structures.

View Al
Zoom Out Previous View
Zoom Out 10%
Pan
Layers List...
DTM Point Elevations Rendenng...
Track Bevation Ponts
Grid Bement Numbers
Gnd Element Elevation Values
Gnd Blement Manning's n-Values
Grid Element Curve Numbers
Gnd...
T o
v Elevation Points v Reduction Factors
Non-Interpolated Grid Elements v Streets
Outfiow Elements
Mags 1 gaes Rerdermy s e
Gnd &mert Elevation Rendering it
Highight Gnd Element Number... v Detention Basins
Cross Section Numbers : Infration 15
Cels Wehout Gross Section NUmbers. |, v change Channel Hoodplan| Blements
Redraw v Foodplain Cross Sections
v No Exchange Channel Elements
v Reservar Water Eevations
Watersheds
Watercourse Directions

Click the Levee Express Editor _Q_] button and build a levee around the
detention basin. Double click an element with a levee in it to activate the
levee express editor.

Levee Data
I Gnd element elevations in colored boxes
Max Pt Elev
[s G t
Current Grid Element | 1373 Ave Highi(0) Pts '—
470857 [anzm [arzon
1~ NotthWest ¥ North ™ NorthEast

4713

ey || (W [a702 I Eost 02

™ Southwyest [~ South ™ SouthEast

[a70774 4702 [4702
Assign levee crestelevation Selectdirections
l { Selectall '
Assignto all Assign o selected
directions directions Unselectall l
Assignto Elemen(s)‘ Close I

Grid elements that do not have a levee assigned can also be edited with
the Levee Express Editor. Select the element and click the Activate but-

Qe a2lx | [+ =|x|[e] &

181 I Lesson 10




FLO-2D Model Lessons

The following images represent the before and after pictures for creating
the detention basin berm. Note that the levee does not go through the

channel. Some grid elements do have both channel and levee compo-
nents which is acceptable.

There is no natural inflow feature into this detention basin so it is acts
more like a water tank. Opening a gap in the levee on the upstream side
would create a proper detention basin. Deleting the levee in between the
blue lines in the image on the right would open the detention basin to
natural inflow. The blue lines are not part of the GDS. Save the FLO-
2D Files. A lateral weir along the channel using a hydraulic structure
could be used for detention basin inflow.

Step 4: Build a levee along the channel using a polyline.

When building a levee with a polyline, the cutoff direction of the levee is
set by the proximity of the polyline to the side of the grid element. Test
this process.

Polyline drawn near the right |1 1 | ' . ‘ - i
side of the grid elements. | f i ‘ ' | Polyline drawn near the top of
o T T [ the grid elements.

NN NN NN Y

|

| L N

| | 1 | | | | l \ ‘ (
! 5 1 1 )| | | |

|
!
i

L

; SUa eenans nc N r Polyline drawn near the

Polyline near the bottom of the | ’ ; ! right side of the grid ele-
grid elements. ments.
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Zoom in on the central lateral section of channel north of the small de-
velopment. Click Tools/Create Levee with a Polyline. Click along verti-
ces to draw a polyline matching the red arrow in the following image.
Double click the last vertex to finish the polyline. Keep the polyline near
the bottom of the grid elements to block the south portion of the grid el-
ement.

Options »
Measure Distance along Line

Compute Average Paoint Rainfal Depth

Interpolate Variable Rainfall

Levee Express Edtor

Floating Vanables Express Editor

Create Channe! Segment with a Polytne

Create a Cross Section

Assign 3 HEC-RAS Cross Section to a Channel Element
Auto Assign HEC-RAS Cross Sections to Channel Elements
Convert HEC-RAS Xsec to FLO-2D

Convert HEC-RAS Channets to FLO-2D Channel Segments

Delete HEC RAS Channels
Delete HEC RAS Cross Sections

Create Street Segment
Create Street Segment with a Polyine

Create Detention Basn

Mud and Sediment Transport

Evaporation

MODFLO-2D Simulation

Hydraulc Structures 4
Ran

Breach

NOFLOCS 12
Rnd Watershed

Create Foodplan Cross Sections

Levee Profie
Street Profie

AFanEr S
.
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Fill out the Levee Elevation dialog box as shown below.

Elevation Algonithm

 Uniform

|4595 Elevetion 1
[47nu Elevation 2

@ Interpolate

€ Use DTM points

Ok ] Cancel |

Click Tools/Levee Profile and note that the levee profile follows the
slope of the topographic relief at a height of approximately 8 feet. De-
tails can be added to the levee manually by using the Levee Express Edi-
tor. Save the FLO-2D Files.

Options »
Measure Distance along Line

Compute Average Point Rainfal Depth

Interpolate Variable Rainfal

Levee Express Editor

Floating Variables Express Editor

Create Channel Segment with a Polyine
Create a Cross Section

Assign a HEC-RAS Cross Section to a Channel Element:

Auto Assign HEC-RAS Cross Sections to Channel Bements

Convert HEC-RAS Xsec to FLO-2D
Convert HEC-RAS Channels to FLO-2D Channel Segments

Delete HEC RAS Channels

Delete HEC RAS Cross Sections
Create Street Segment

Create Street Segment with a Polyine

Create Levee Segment with a Polyline
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Step 5: Create a sound wall with a polyline.

Zoom in on the housing development south of the highway. Use the
Tools/Create Levee with a Polyline tool to draw the levee from South to

North and East to West.

Interpolate the levee crest elevation from 4670 ft to 4675 ft.

Levee Flevation

Elevation Algorithr

€ Uniform
@ Interpolate

 UseDTM points

I4570 Elevation 1
|4B75[ Elevation 2

ok | cancel |

Use the Levee Express Editor to adjust the levee placement to better
match the wall. Save the FLO-2D Files. Use the Levee Express Editor
to finalize the levee placement.

- G
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Step 6: Import a levee from a polyline.

The GDS can create a levee from a 3-D polyline. The polyline is repre-
sented by a set of data points that represent the x- and y-coordinate and
crest elevation of the levee. These files can be set up manually or with a
GIS tool that captures the point elevation data from LiDAR data. The
format is x y z and can be space or comma delimited. The following fig-
ure shows an example of two data files. The top figure contains two pol-
ylines with the end points and elevation data. The bottom file is a pol-
yline with numerous vertices.

The GDS uses the point data and elevation to create a levee with an in-
terpolated crest elevation for each grid element boundary. GDS also
takes into account the position of the crest elevation points within the
grid element so that the levee placement will align with the actual em-
bankment feature.

LeveePolyGoat.xyz Levee Points.xyz  x

"@T yr"
Ly it 20000, 30 S0, 60, i/ 80,
: E - -
z 1 20,5050
4 363190,1186215,5900

5 369471,2125319,5050

366922.15
366370.75
367022.62
36797

12
367173,

367222.12
367262.09
367320.84
367370.1
367419.56
367470.43
367522.24¢ 1l

60, 78,

25050.50 4725
£5042.287 4725
25042.27 4724.5
£5042.87 4724.5
47.37 4724.5
49.62 4724
25049.62 4724
25050.50 4724
25251.25 4723.5
£25042.87 4723.5
250921.50 4723.5
25099.75 4723
01.37 4723
99.75 4723
45.37 4722.5
42.37 9722.5

Click File/Import Levee and import the text file LeveePolyGoat.xyz. The
GDS will automatically assign a levee to the grid element boundaries.
Save the FLO-2D Data files.
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New Project »

Open .TOP Project....

Open Exsting A.O-2D Project...

Save .TOP Project...

Save FLO-2D Hes...

Run FLO-2D...

Run Mapper

Run PROFILES

Run RAIN

Create FPlan.DAT and CadPTS.DAT
Import Image Y
Import Elevation Points >
Import Shape Fe...

Import Ran Arcinfo ASCII Grid Fe...
Import HEC-RAS Channe...

Import CAD Graphic Elements....

Save Elevation Ponts...
Export...
Ext

£ sclect a Levee file to open = BB |

‘9‘ ) ¥ FLO-2D v Example Projects v Lesson 10 v Test v I Search Test L&)

Organze ¥  New folder =g @

FLo-2pv20 2] Name - | Date modfied | Type

¥ Levee Points.xyz 3/22/2011 9:18 AM XYZ Fe

Ubraries
Decuments
FLO-2D

« Music
+  Pictures
& Videos

@ Homegroup

& Computer
L HP(C)

FACTORY I o | 4| | 2

File name: lLeveeﬂo’yGoat Xyz E‘ ‘fevee Files {*xyz) z!

Open ¥ Cancel ]

Repeat the procedure for the Levee Points.xyz file.

This levee assignment method does not take into account other FLO-2D
components. The levee will cross street elements, channel elements and
buildings and therefore must be edited for those features. The following
image show imported levees that were edited for the street.
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Review Questions

1.

List five features that can be modeled with the levee component.

True or False? A levee can share a grid element with a street or channel?

3. True or False? A levee can cross a street or channel?

The message "Levee crest elevation is lower than adjacent grid element elevation" ap-
pears. Describe how to fix this condition?

5. True or False? Flow overtopping levee is calculated using the weir equation?

Which output file reports if a levee was overtopped?

Name five different methods to input or edit levees.

Explain the output data in the LEVEEDEFICIT.OUT file. (Hint: see Data Input Manual)

Levee help documentation is found in which locations? Check all that apply.

[1 License Documentation [] PowerPoint Presentation
[J  Data Input Manual [] Pocket Guide
[] Reference Manual [] Workshop Lesson Book
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LESSON 11 — STREETS AND BUILDINGS

Overview

This lesson outlines the procedure for creating and editing streets and
buildings in the GDS. It shows the user how to create steets with a pol-
yline and how to define intersections. The automatic computation of
arf/wrf factors using building polygons is also covered.

Required Data

The FLO-2D grid system files are needed for this lesson.

File Content

Location*

6 * DAT files  FLO-2D data files

\Example Projects\Lesson 11

Buildings.shp ~ Building shape file

\Example Projects\Lesson 11

Streets.shp Streets shape file

Honolulu.jpg  Image file

|
|
\Example Projects\Lesson 11
\Example Projects\Lesson 11

* Typically these folders are in installed under C:\Users\Public\Documents\FLO-2D Basic Documentation

Step-by-Step Procedure

To create streets and buildings using the GDS, follow these steps:

Open the GDS program and load Lesson 11;
Load aerial image;

Load shape files;

Edit layer properties;

Review street data;

Build and edit streets;

Compute buildings from shape file;

Review building data;
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e Save and run.

Step 1: Open the Grid Developer System and load Lesson 11

FENOTE*** Using an Explorer window, make a new folder in the Les-
son 11 folder named “TEST”. Copy all the lesson 11 files to this folder
and perform the lesson in the TEST folder. ***NOTE***

:

From the GDS File menu click Open Existing FLO-2D Project...

Double click the GDS Basic icon from the desktop.

New Project »

Open .TOP Project...

Save .TOP Project...
Save FLO-2D Files...

Locate the folder Lesson 11/TEST and select the FPLAIN.DAT file.
Click Open to load the project.

& Sclect 2 FPLAIN.DAT file to open s S x|
‘;., ) ¥ FLO-2D v Example Projects v Lesson 11 v Test v | Search Test (2

Organze v  New folder = v 12}

FLo-20v20. 2] Name - IDatemdned I Type

Ubraries
Documents
FLO-2D

« Music
+  Pictures
& videos

¥.§ Homegroup
& computer

L HP(C)
FACTORY I v «| | |

File name: [FPLAIN.DAT ~] [epamoan -

Open v Cancel

Step 2: Importing aerial images

To import a background aerial photo use /mport Image/Individual Im-
age... in the File menu.
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New Project »

Open .TOP Project....
Open Existing FLO-2D Project....

Save .TOP Project...

Save FLO-2D Fles...
Run FLO-2D...

Run Mapper

Run PROFILES

Run RAIN

Create FPian.DAT and CadPTS.DAT
Create LEVEECRESTS.DAT

Import Elevation Ponts *  Group of Images...
Import Shape Fe...

vyn,go't Ran Arclnfo ASCI Gnd Fe...
e~ TN AN A AN s AN, A,

The image for this example project is located in the subdirectory
C:\ProgramFiles\FLO-2D\Example Projects\Lesson 11. Images can be
selected one by one or several at a time using the Shift-click or Ctri-click
on the files.

6 Select images to import 0P 2 x|
~ FLO-2D v Example Projects ~ Lesson 11  Test v @i [searchtest 2

Organze v  New folder i o

Favortes
¥ Desktop
FLO-2D0
Projects
FLO-2D v2n

Honokka.jpg

Ubraries
Documents
FLO-2D

« Music
+ Pictures
& videos

. Homearoun _'.J

Fnename:lHonolunu.;‘pg LI lstandard image formats _vJ

Open v| Cancel J

Step 3: Importing shape files

To import the building and street shape files use /mport Shape File... in
the File menu.

New Project »
Open .TOP Project...

Open Existing FLO-2D Project...

Save .TOP Project...

Save FLO-2D Fles...

Run FLO-2D...

Run Mapper

Run PROFILES

Run RAIN

Create FPlan.DAT and CadPTS.DAT
Create LEVEECRESTS.DAT

Import Image >
Import Bevation Points

Import HEC-RAS Channes...
AR AN A i

-
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The shape files for this example project are located in the subdirectory
C:\ProgramFiles\FLO-2D\Example Projects\Lesson 11. Shape files must
be loaded one at a time. Click OK to load the shape files.

Shape File Colour and Vakie Seleet)
Shape File Name:
Buildings shp

(?- Sedect a shape file to import
Lot ¥ FLO-2D ¥ Example Projects v Lesson 11 ¥ Test
Organize v  New folder

FLO-2D v20 4]

Numeric Field lﬁg
Mex Value [8345—
Min Value [1_-_———
Number of Colors Ft]—

[ ]

Ubraries
Documents
FLO-2D

4 Music
~ Pictures
B videos

Streets.shp

Cancel l

Ganil o)

Frones

vy Homegroup Gicanie 3 T
A computer
L HP(C)

Hint: The numeric field establishes
the color scheme of the plot.

~| [esrishapefies sty ~]

Open v Cancel I

£ e

FLO_2D Grid Developer <3 x|

Shape fie has no numeric field. No color rendering wil be appled

Shape File Name

Max Value l
Min Value I

Number of Colors

1

The grid system and and imported files are shown in the following im-

age.
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Step 4: Edit layer properties

Click View/Layers List...

View Al
Zoom Out Previous View
Zoom Out 10%
Pan

[ avesis |
DTM Pont Elevations Renderng...
Track Elevation Ponts
Gnd Bement Numbers
Grid Element Elevation Values
Gnd Element Manning's n-Values
Grd Element Curve Numbers

Lkar

B . S SN

The arrow buttons ¥ are used to position the layers. Highlight a

layer to move it up or down in the list. This determines the layer's hei-
rachy.

avers

BUILDINGS.SHP
Honolulujpg

I o
OK I@ Cancel

Make the Honolulu.jpg and Buildings.shp layers invisible by deselecting
the Visible check box for each and click 4pp/y. Double click the
Streets.shp layer to access the Symbol properties dialog box. Select the
Std. Labels tab and click Apply.

Symbol properties for the STREETSSHP Byses

ISTREETS SHF

Leyer name

Shape File Type Iune

Number of Records: FB“”

The Stendard Labels dlessificstion draws text for & specitied field

Single | Unique ] Ciesses f@_dl_gi@:

Advlabel

Textfield
[—ﬁ ¥ Drawfestures

GrzonTal ehgnmen E »:l?w jalzh:uves
Vertical alignment
Font Rotation: 0

i >

[MsSensSert  f 2|
XOffsetfield “YOffset field
l il ] |

Apply Close
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Step 5: Review street data

Position the mouse over any sireet intersection and click the left mouse

button. The following image show the intersection of Ku/io and Sea-
side.

Edit Street Parameters

7

Click the Edit Street Parmeters option. The dialog box shows the
global variables for the street segment. A curb height, n-value and
elevation can be assigned for each street element and that value
superceeds the global value.

Street intersections are defined using the Flow direction from center
and width editor. When you click on an intersection, that location
is loaded in the dialog box. Click Cancel to exit the window.

Street Parameters

Street global parameters
Global nvalue for street fiow ‘0.02 Maximum street Froude number ID 9
Global street width |4O Globel curb height lD 667

[~ Inflow hydrograph will enter strest instead of floodplein element

Streetlocal parameters

Street name IKuhio

Number of elements.
In street:
Edtt Element Curb height
7 3452 0
Flow direction from center of element and street width ] 3529 0
I~ Northwest ™ Norh ™ Northeast 9 3607 0
{1] 3685 0
1 3764 0
[ West F it 22 3844 0
ln— [—— 23 3925 0
2 4 4007 0
5 4089 0
[~ Southwest [ South v Southeast 3 4172 0
IU | Remember to add the street flow directions by checking the direction boxes to the left

It the street width is assigned zero value the global
streetwidth Is used as a default

.
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Step 6: Create street segments

Click Tools/Create Street Segment with a Polyline.
[ Tevee Expres EdRoy ™ Dhrimme M)

Floating Variables Express Editor

Create Channel Segment with a Polyine
Create a Cross Section

Assign 3 HEC-RAS Crass Section to a Channel Element
Auto Assign HEC-RAS Cross Sections to Channe! Bements
Convert HEC-RAS Xsec to FLO-2D

Convert HEC-RAS Channels to FLO-2D Channel Segments

Delete HEC RAS Channels
Delete HEC RAS Cross Sections

Create Street Segment

Create Levee Segment wih a Polyine
Create Detention Basin

Mud and Sediment Transport

b adnin o A s U P g W C S s O

Create a street segment for Lewers, Liliuokalani and Uluniu streets.
Break the streets into segments at the side streets. Identify each
street with a name such as LewersSeaSide, LewersMiddle and Lew-
ersCitySide. The following image shows the 3 street segments that
represent Lewers. These segments are raw data with no intersec-
tions

Edit Street Parameters

Modffy Street
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Edit the street data by clicking the seaside Lewers segment and click-
ing Edit Street Parameters. Enter a Street name. Highlight the /ast
grid element and select the North flow direction to define the inter-
section.

Street Parameters

~ Street global parameters

Global nvalue for street flow: ID,OZ Maximum street Froude number IU,G

Global streetwidth: |40 Globel curb height: |IJ.BB7

™ Inflow hydragreph will enter street instead of floodplain element

. Streetlocal p
Streetneme: lLewersSenSide
Number of elements
in sfreet l -
Edit I Element Cubheight | nwelue | Elevation
1 2326 0 0 0j
Flow direction frof f element and street width: 2 2399 0 0 0
[~ Northwest [~ Northeast 3 2473 0 0 0
4 2547 0 0 0
5 2621 0 0 0 ‘
I~ wes I o I Ee— )

2770
Would you ke to valdate the street variables now?
v Southwest [ South [~ Southeast

ID Rememberto add the streetflor Yes l No Cancel

It the street width 1s assigned zero value the global
streetwidth is used as & default

oK l Cancel I

Click OK and Yes to validate the table.

Finish the intersection by clicking on the Kalakaua street segment
and clicking Edit Segment Parameters. Select the south flow directon
and enter a value of 20 f/i. Click OK and Yes to validate the table.
Repeat this process for the next two segments.

’é\\ Flow direction from center of element end street width:
’é ™ Northwest [ North [~ Northeast
5 %, =
% T I~ West [ Eost
1’—/ 76' /
e e 3 ™ South v South [¥ South
;1; [0 o
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To see an elevation profile of the street click 7ools/Street Profile.
[ DM HECRAS G SR e

Create Street Segment
Create Street Segment with a Polylne

Create Levee Segment with a Polyline

Create Detention Basn

Mud and Sediment Transport

Evaporation

MODFLO-2D Samulation

Rydraulc Structures >

Click the LewersSeaSide street segment.

Street Crast and Ground Zlevations

Warning: Water will not flow freely
down streets with high elevation
spikes.

FElevation

S
B21260,

T T T T T
25 §0 78 100 125 150 175 200 z2zs

Aproximate Street Distance (£t)

Etreet and ground elevations are the same unless user specified street elavations

The street elevation is determined by the grid element elevation
unless an elevation is assigned to each street element. Two meth-
ods are used to edit a street elevation:

1. Edit the floodplain element elevation

2. Enter a street element elevation

The elevation data used for Waikiki in this project was inadequate
representation of the ground data. The street profile does not
reflect the actual street elevations but an average value can be met
by comparing the grid element elevations surrounding the streets
and intersections.
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Click View/Grid Element Elevation Values

View Al

Zoom Out Previous View

Zoom Cut 10%

Pan

Layers Lst...

DTM Paint Bevations Renderng...
Track Elevation Ponts

Gnd Bement Numbers

Gnd Element Manning's n-Values

Gnid Element Curve Numbers

Gnd...

Components >
L EeNION PAA o~ A

The grid elements underlined in red have an elevation that is high-
er than the mean. These elevations can be manually adjusted to
more closely represent an actual elevation condition.

Editing the elevations corresponding to the streets will also make
the street profile more realistic.
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Click the Select Element by Element button *.. Select all the grid
elements whose elevation can be lowered 0.5 ft. Click Grid/Assign
Parameters to Selection/Elevations.

Create Gnd
Select »
it e o i
Interpolate from Multiple Blevation Fles... s
Green-Ampt Parameters »  Mutiple Channels
1 ‘ Inflow,

Manning 2 #Outfiovs Condtion
Compute SCS Curve Number ’ Nocm T
Compute Width and Area Reduction Factors Time-Varant G } Head
Compute le\g Froude Numbers... Rigd Bed Element
Define Boundary Grid Bements »  Umiting Froude Number
Setup Computational Area ’

Create Gnd Layer

Enter the value -0.50 in the Assign Elevation dialog box and select
the Add to Existing Elevation check box.

Floodplain elevation I.g_s S
(fee) (4
1 5.53 R L e 583
{v 'Add'to Existing Elevation
Cencel ' ‘
3 ‘ 5.04 5.96 | 5.77 ‘
Note: Detailed elevation data and
appropriate grid element size selec-
tion can facilitate building streets. .
T N¥ L] 5.74 554

Perform this proceedure for the entire Lewers Street as well as the
Liliuokalani and Uluniu streets to be built. Keep in mind that the
overall objective is to make a realistic street profile by making
small adjustments to the elevation data that better represent the ac-
tual elevation along the streets.

Save the project by clicking File/Save FLO-2D Files...
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Step 7: Compute building data from shape file

Click View/Layers List. Select the buildings layer and check the Vis-
ible check box. Select the Streers shape file and uncheck the Visible

check box. Click 4Apply and OK.

pen o
Layers Wi -

i]!’ [V Misiblel [~ Delete
oy | Goncs |

Click Grid/Compute Width and Area Reduction Factors.

Create Gnd
Select

Assign Parameters to Selection L4

Interpolate Elevation Points
Interpolate from Muliple Elevabion Fes...

Green-Ampt Parameters ’
Compute Manning Coefficents...

Compute SCS Curve Number 4
Compute Limting Froude Numbers...

Define Boundary Gnd Elements 4
Setup Computational Area ’

Create Grd Layer

Use the default setting with no correction factors and click OK and
OK to select the Buildings shape file.

Note: If a correction factor were
used, each ARF or WRF value
computed would be mulitplied by
the correction factor. For exam-
ple, if a correction factor of 0.20
was selected the ARF or WRF
value would be reduced by 20
percent.

ARF Calculation
@ No correction factor for ARF;

(" ARF corection factor intenge |

WRF Calculetion
@& No correction factor for WRF
¢ WRF correction factor in range.

OK I Cancel l

Select Reduction Factors shape file

Reduction Fadtors  [BUILDINGS SHP =
shape file
Feducion Focors (R ~ |
field
oK I Cancel l
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Area R Factor (ARF)
Select . (0% suriace srealoss ARF=07) 100 ]
Interpolate Bevation Ponts Width reduction tactor (WRF)
Interpalate from nlﬂe Eevation Fles... N NE
Green-Ampt Parameters ]Du v”uu -[
Compute Manning Coefficents... o <] e
Compute SCS Curve Number |0 0 vI
Compute Width and Area Reduction Factors SE
Compute Limiing Froude Numbers...
Define Boundary Grd Hements Clear All I
Setup Computational Area i

2 oK ! Cancel l

Create Grd Layer

FLO-2D Model Lessons

If it can be avoided, grid elements should not share components. It

is advised to remove ARF and WRF components from street ele-
ments.

Select the elements along the streets that share an ARF/WRF com-
ponent.

Click Grid/Assign Parameters to Selection/Area and Width Reduc-
tion/Factors. To remove the reduction factors from the selected
grid elements, click the OK button with all values = 0.0.

Area and Width Reduction Factons

[ [Completely Blocked Grid Element

Apply the same technique for the outflow nodes.
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Step 8: Review and validate building data

The GDS computes the building data based on the colocation of
the building polygon and the grid element. For example, if a grid

element is covered by 50 percent of a polygon, the ARF value will
be 50 Percent.

Element Number: |2388
Attributes of Grid Element Number 2398 e r 5@@;?@@’@?&?&'@
Floodplain elevation (feet): l 93
: Area Reduction Factor (ARF]: 063 -
Manning coefficient: W" (70% surface area loss: ARF=07)
Limiting Froude number: |[|
4 ‘Width reduction factor (WRF)
Element size [feet] Detax: 1100 N NE
Deta. [T00 o3 s =]
Reduction Factors | Mutiple Channel | o7 <] ¢
096 ~
Levee. . 1esl Eleres =
| | | =
Infiltration. . I [ X HECIR
MODFLO-2D... | Clear Al ’
I K I Cancel l oK I Cancel ]
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Review Questions

1. List five attributes of the street data.

2. True or False? A street segment name can contain spaces?
True or False? A street segment can cross a levee?

4. Describe how to delete a street segment?

True or False? Streets are represented as rectangular channels?

6. Can a street and a channel share a grid element?

7. Name three types of roadways that would NOT be modeled with a street component and
explain why.

8. Explain how to view and edit street profile elevation. (Hint: see Data Input Manual)

9. Can two street segments share a grid element?
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