


• 

• 

• 



• 

• 



Contact Information 
General 

FL0-2D 
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Resources 

Manuals 

New FL0-2D Models come with a hard copy of the manuals as 
well as an electronic copy on the CD. Updates and Annual Sub
scriptions include only the electronic version of the manual. The 
available manuals include: 

FL0-2D Reference Manual 

The Reference Manual provides an overview of 2-di
mensioal flood routing. Modeling theory and the FL0-
2D system are discussed. There are some instructional 
comments and modeling parameter data including sedi
ment transport, roughness and infiltration. 

D ata Input Manual 

The data input manual contains descriptions of all mod
eling input variable parameters. There are instructions 
for installation and getting started as well as for using 
the pre-processor and post-processor programs. The 
manual also contians information about data limitations, 
output files and a trouble shooting. 

CDS Manual 

This manual contains a description of the GDS compo
nents and all the graphic tool commands. It also has a 
getting started section to help set up a grid system for an 
overland Bow model and a detailed description of creat-
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ing a rainfall simulation. 

Mapper Manual 

This manual contains a description of the MAPPER 
components and tools. It has detailed instruction on 
creating hazard maps. 

Mapper_ et Manual 

This manual contains a description of the Mapper_Net 
components and tools. 

Lessons and Tutorials 

The FL0-2D Software package comes with workshop lessons 
and tutorials to help the user utilize the many components and 
features. These include: 

Workshop L essons 

Tutorials 

Lesson 1: Getting Started GDS 
Lesson 2: D etailed Grid System ttributes GDS 
Lesson 3: Channel GD 
Lesson 4: HEC-RAS Cross Section Conversion 
Lesson 5: PROFILES 
Lesson 6: MAPPER 

1. FLOENVIR Rainfall Tutorial 
2. FLOEN\TIR Street Tutorial 
3. GDS Create a D etention Basin Tutorial 
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Power Point Presentations 

All Power Point presentations that are used in FL0-2D short 
courses are available on the model CD. These Power Point pre
sentations cover ahnost every feature of the FL0-2D modeling 
system 

Website - www.flo-2d.com 

The FL0-2D website contains extensive information about flood 
modeling. You can also purchase models, updates and subscrip
tion services. 

Updates to the FL0-2D programs are posted at the website fre
quently (at least once a month). We recommend that you check 
for new updates to the FL0-2D model and its processor pro
grams prior to starting a new project. 

FL0-2D License 

The FL0-2D model license can be reviewed in the FL0-2D 
subdirectory. Basically it states that the FL0-2D model can be 
loaded on any computer in the office of purchase. The license 
permits the use of the software by the licensee or its employees 
on any and all computers located at the office of purchase. The 
license does not include the right to copy or distribute the FL0-
2D Licensed Software outside the office of purchase. The license 
does not permit the use of the FL0-2D model on a laptop or 
portable computer outside of the office of purchase . 
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ESRI MapObjects" GIS 

The GDS and Mapper programs have ESRl MapObjects® GIS 
controls embedded in the programs. One ESRl MapObjects® 
user license is granted with each purchase of the FL0-2D model. 
The GDS or J\1apper programs with the MapObjects® tools can 
only used on one computer at a time. For most offices this use 
limitation should not restrict application of the GDS or Map
per processor programs as these programs are only required 
when creating and editing the grid system attributes or viewing 
the FL0-2D model results. If you anticipate that you will have 
multiple computers with the GDS and Mapper in use at the same 
time, you can purchase additional MapObjects® licenses at the 
FL0-2D website. 

ESRI Runtime Engine" for Mapper.NET 

Mapper_NET_2009 will create high resolution flood hazard con
tour maps. It is integrated with Arc GIS Engine and has unique 
mapping features and tools including break-lines to control con
tour generation. The Mapper_NET installation requires having a 
license for both ArcGIS® desktop and ArcGIS® 3D Analyst. Arc
GIS Engine Runtime 9.2 must also be obtained from ESRl and 
installed. To install the ArcGIS Engine Runtime 9.2, the .NET 
Framework 2.0 must already available on the computer. If it is 
necessary to install Arc GIS Engine Runtime 9.2 on your com
puter, see the document Mapper_NET Installation.doc. 
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FL0-2D Suite ofPrograms 
FL0-2D 

GDS 

Two dimensional floodrouting model for river and un
confined flooding. 

Graphical interface program for creating FL0-2D grid 
systems and for graphically editing model data. 

MAPPER 
Mapping software to display FL0-2D results. 

• RiverFL0-2D 

• 

A high resolution, finite element flood routing model for 
in-channel2-D flows. 

MAPPER_NET 

DFIRM 

FreqP!ot 

Programs 

Integrated GIS mapping program with higher resolution 
map controls. 

This software generates FEMA submittal-ready D FIRM 
maps directly from the FL0-2D results. 

Flood peak discharge and rainfall frequency analysis 
software that allows comparison of different frequency 
distributions. 
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Set-up 
Computational Requirements 

FL0-2D is compatible with the MS-Windows™ operat
ing systems including the newer versions of Windows 
Vista®. Recommended minimum computer require
ments are 4 gb RAM and 500MB of available hard disk 
space. Projects with a large grid system(> 100,000 cells) 
can put a significant demand on computer resources. 

I nstaffation 

Un-instaff 

To install the FL0-2D software package onto the com
puter hard drive, load the CD or copy the installation 
files to your computer and wait for the installation to 
begin. If the installation wizard does not automati
cally start, locate the SETUP.EXE file \x.rith an explorer 
program and double click on it. The default installa
tion subdirectory for the model files is C:\Program Fifes\ 
FL0-2D. The FL0-2D model, the manuals, tutorials, 
workshops, powerpoint presentations and all the proces
sor programs are loaded into the FL0-2D subdirectory. 
The final step of installation is software activation. If 
you did not receive an activation key, email us at activa
tion@flo-2d.com. 

You can remove the FL0-2D program and all of its at
tendant software from your computer using the standard 
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Set-up 

Windows Rernove Program procedure. From the con
trol panel, run the Remove Programs utility and remove 
FL0-2D. The FL0-2D folder including example proj
ects and flo_help will still be in the Progra1n Files folder. 
To complete the un-install process, delete the FL0-2D 
subdirectory from the Program Files Folder . 
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General Overview 

The Basics 

FL0-2D was written in Fortran 9 5 computer language. There are 
other coding languages embedded in the model. Depending on 
your computer speed, project application and flood duration, the 
flood simulation might have a runtime ranging from 5 minutes to 
more than a day. The code has been optimized for both 32-bit 
and 64-bit multiple processor computers. Virtually any Windows 
computer will suffice, but faster and bigger is better. 

There are several processor programs that can be used to graphi
cally create or edit spatial variability in the data base. To generate 
the basic data files and graphically edit the data, the grid developer 
system (GDS) program should be used. The FLOENVIR and 
PROFILES programs are also use for data editing. The graphical 
user interface (GUI) was developed to simplify the SCII text 
data input and access the FL0-2D system. 

New Features and Enhancements 

New model components and features are added to the FL0-2D 
model system with each new release approximately every 15 to 
18 months. Between new releases, updates, minor enhancements 
and bug fixes are posted to the website, typically on a monthly 
basis. New features may include new components such as MOD
FLOW groundwater modeling, dam or levee breach erosion, or 
optimization for multiple processors. See the website for the new 
features in the next version. 
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Porting From Version 2007 to Version 2009 

There are very few changes to convert Version 2007 data files to 
the Version 2009. Except for initialization of the groundwater 
model MOD FLOW s\vitch in CONT.DAT and the new CHAN
BANI<.DAT file, all the changes involve optional data or compo
nents. The optional data file revisions do not require any 2007 
data files modifications for the FL0-2D model to run. 

CONTDAT 

Surface water/ groundwater interaction can now be simu
lated at runtime through the integration with the MOD
FLOW groundwater model. The new switch parameter 
to initiate the groundwater model is IMODFLOW at the 
end of line 3 after the ISED parameter. For the "no 
groundwater" default set IMODFLOW = 0. 

For surface water/ groundwater modeling, review the 
required MODFLOW parameters in the MODFLOW 
DAT file in the Data Input Manual. 

CHAN.DAT 

The most important model revision is the elimination of 
the I Q D IR channel direction from the CHAN.DAT file. 
The data input change was automated in the GDS and 
FLOENVIR. The required data revision is as follows: 

Delete IQDIR from Line 2. This can be done manually, 
but it is only necessary to open and save the CHAN . 
DAT in the GDS or FLOENVIR and the IQDIR vari-

9 
Overview 



• 

• 

able will be eliminated. new data file CHANBANI<. 
D Tis generated to replace the IQDIR parameter. This 
file contains the left and right bank channel elements 
and it is automatically generated when the channel is 
saved in the GDS and FLOENVIR. After the CH N
B NI<.D T is generated, it may be necessary to make 
some minor adjustments to the automated selection of 
the right banks. gain this can be done graphically in 
the GDS or FLOENVIR. 

Optional Data File Revisions 

Levee fragility curves can be assigned in the BRE CH. 
D T file and the global and individual fragility curve as
signlnent to the levee ele1nents is accomplished in the 
L VEE.D T file. The new levee fragility curve data is 
appended to the each file. Refer to the respective data 
file descriptions to input the fragility curve parameters. 

Additional Output Files 

Three new output files are now generated: 

FPI FILTRATION.OUT - Total cumulative infiltra
tion by grid element. 

VELTIMEC.OUT and VELTIMEFP.OUT- Maximum 
velocity and time of occurrence in descending order for 
the channel and floodplain respectively . 
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Porting data files from earlier versions of the FL0-2D model 

Data files from model version 2004 and earlier requires 
that the data files first be updated to Version 2006 format 
to be able to make the simple changes to Version 2009. 
For data files versions prior to 2006, it is suggested that 
the data files be edited directly by referring to the Ver
sion 2009 Data Input Manual and using an ASCII text 

editor. There is a program available from the website 
www.flo-2d.com to convert data files fro1n Version 2004 
to Version 2006. As a final check, it recommended that 
the data files be compared with the Version 2009 Data 
Input Manual. 
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Getting Started 

What data is required? 

DTM Data 

To start a FL0-2D model outline the project area and 
compile available mapping, imagery and digital terrain 
model (DTM) data. The imagery and DTM points must 
have the same coordinate system. If aerial imagery or 
digital topo maps are not provided with the project, you 
may be able to purchased then through the internet. The 
most common formats for digital imagery are *.tif, *.sid 
and *.jpg files and these must have corresponding world 
files (e.g. *.tfw, *.sdw and *.jgw). If photogrametric or 
LiDAR data are not available, DEM data can be used. 
Elevation data formats that are accepted by the GDS are 
ASCII x y z data sets and elevation shape files. 

Hydrologic data 

Hydrologic data for flood simulation can include both 
rainfall and discharge hydrographs. These data bases 
can usually be obtained from the local, state or federal 
agencies. It is suggested that the hydrologic data be 
carefully reviewed because the flood volume will deter
mine the area of inundation. The user must also decide 
whether infiltration losses will be simulated. 

• Floodplain and channel detail 

12 
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If river cross sections, bridges, culverts, buildings and 
streets are to be simulated, the user must be able to lo
cate these features with respect to individual grid ele
ments. erial imagery is invaluable for this purpose. 
Component data may be required for these components. 
Bridges and culverts will need rating curves or tables. 
Streets will need width and curb height data. River cross 
sections may have to be surveyed. 

Before you start 

Review the following pages in this section completely. 
Review the FL0-2D License greement on page iii of the 
FL0-2D Users Manual to understand your options for in
stalling the program on multiple computers. 
Work through the tutorials and workshop lessons that per
tain to your project. 

Updates 

When starting a new FL0-2D project, the first step is 
to visit the website www.flo-2d.com and download any 
model, processor program, manual or document up
dates. New features are added to the programs through
out the year. Programming bugs are fixed as they are 
identified. Do not hesitate to notify us of any bugs that 
you encounter and we address as soon as possible. Pro
gram revisions and bug fixes are listed on the web site in 
the FL0-2D Model Revisions.document by date. 
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Tutorials 

The tutorials and lessons located in the FL0-2D help 
folder (FL0-2D \flo_help) will assist you to develop 
detailed flood components. Please check the website to 
download any newly posted tutorials/lessons. 

Estimate the project area 

One of the keys to setting up an efficient model is to determine 
the project area and estimate a desired grid element size. The proj
ect area should be located so that it is not affected by either inflow 
or outflow conditions. The inflow and outflow nodes should be 
considered a non-essential nodes (sources and sinks) and these 
should be located outside the project area. 

Selecting the grid element size 

Once the overall project area has been identified, estimate the grid 
system size (as a rough rectangle) and determine the approximate 
number of grid elements that would be required for different size 
grid elements such as 50 ft, 100 ft, 200 ft, etc. The grid elements 
are square and estimating the maximum number of grid elements 
is relatively easy. 

Selecting the grid element size will control how fast your FL0-
2D flood simulation will run. FL0-2D users often choose a grid 
element that is smaller than necessary. A small grid element com
bined with a high flood discharge can result in long flood simula-
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tions times. 

To help with the grid element size selection, the following criteria 
are suggested: The estimated peak discharge Qpeak divided by the 
surface area of the grid element A £should be in the range: 

SUI 

. . 
or 1n mettle: 

The closer Q reak / A mf is to 0.1 cfs/ft2 (0.03 cms/m2
), the faster 

the model will run. If the Q k/ A £is greater than 1.0 cfs/ ft2 or 
pea sur 

0.3 cms/m2
, the model should be expected to run more slowly. 

After the grid element size has been selected, proceed with estab
lishing the grid system using the GDS. There are GDS workshop 
lessons to assist you in getting started on a new project. 

GRJD SYSTEM SIZE 

Number of Grid Elements Model Simulation Speed 

1,000- 15,000 Very Fast (minutes) 

15,000 - 30,000 Fast (~hour) 

30,000 - 60,000 Moderate 01ours) 

60,000 - 150,000 Slow (up to one day) 

> 150,000 Very Slow (a day or more) 

15 
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Start simple, then add detail 

The first flood simulation for any project will be a simple overland 
flow model upon which a more detailed flood simulation will be 
gradually built. A suggested order of component construction is 
as follows: 

Rainfall/Infiltration 
Channels 
Levees 
Streets 
Buildings 
Hydraulic Structures (culverts, weirs and bridges) 
Multiple Channel (rills and gullies) 
Mud and debris flows/ sediment transport 
Evaporation 
Floodways 

As new components are added to a model and tested, other com
ponents switches can be turned off in the CONT.DAT file. 

FL0-2D routes flows in eight direc-
tions as shown in the following fig
ure. The four compass directions are 
numbered 1 to 4 and the four diago
nal directions are numbered 5 to 8. 
Some components such as levees are 
placed on boundaries of the grid ele
ment. The grid element boundaries 
create an octagon in this case. 
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Saving data 

When you are creating or editing the data files, it is suggested that 
you save the data files frequently and use one folder for testing 
your project and one for editing your project . 

17 
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Building a Project 
Create a Prqject Folder 

Start by creating a subdirectory for the project data files 
and import the DTM data base files, map images and 
aerial photos. 

Build the Project Files 

Use the GDS to build a grid system. Most data files can 
be graphically created in the GDS. You can follow the 
GDS "Getting Started" lesson to initiate a project. For 
easy access, put the GDS icon on the desktop. 

• Run the FL0-2D model 

• 

Once the six required basic data files have been created 
(CADPTS.DAT, FPLAIN.DAT, CONT.DAT, TOLER. 
DAT, INFLOWDAT and OUTFLOWD T), an over
land flood can be simulated. You can run a FL0-2D 
simulation by: 

1. GUI - click on the "Execute" pull down menu. 

2. GDS - click on "Run FL0-2D~~ command in the 
File menu. 

3. Double click on "FLO.EXE' in the project subdirec
tory. Put "FLO.EXE' in the project folder first . 

18 
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Some General Guidelines 

Data Input 

When the data format seems confusing, review the ex
ample project data files provided in the Example Proj 
ects subdirectory of the FL0-2D folder. 

File Management 

The output files in the project folder will be overwritten 
during subsequent 1nodel runs. To save any output files 
that might be overwritten, rename the file or create a 
new folder, copy all the *.DAT files into it and then run 
the new flood simulation in that folder . 

Graphics Mode 

To view a graphical flood progression over your project 
flow domain, follow these steps: 

1. Click the GUI (FL0-2D icon) to turn 'on' the graph
ics switch (LGPLOT = 2) in the CONT.DAT file 
form. Set Graphics Display to 'Detail Graphics.' 

2. Assign an update screen refresh time (GRAPHTIM) 
in the lower left hand corner of the CONT.DAT file 
form to 0.05 or 0.1 0. 

S imu fating Channel Flow 

To add a main channel to an overland flood routing rou
tine, follow this procedure: 

1. Review workshop lesson 4 and 5 . 
2. If surveyed cross section data is available, create 
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the XSEC.DAT file first. Then generate the CHAN. 
DAT file in the GDS. 

3. Interpolate the cross section data in the GDS or in 
PROFILES. 

4. Set the 'Main Channel' check box switch (ICHAN
NEL = 1) in the CONT.DAT file. 

5. Prepare any channel inflow hydrographs for the IN
FLOWDAT file. 

6. Select a channel inflow hydrograph to be plotted 
(IDEPLT) in INFLOWDAT file. 

7. Assign channel outflow node(s) in OUTFLOW 
DAT. 

8. Review the "Channel Hints and Guidelines" sec
tion. 

Mud and Debris Flow Si11zulation 

Simulating mud and debris flows requ1tes additional 
data: 
1. 'Turn On' the MUD switch option check box in 

CONT.DAT file. 
2. Turn off the XCONC and ISED (sediment trans

port) switches in the CONT.DAT file form. 
3. Create theM-line (Line 1) in the SED.DAT file. 
4. Assign sediment concentrations or volumes to the 

inflow hydrographs in the INFLOWDAT file. 
5. Review the document, "Simulating Mudflow Guide

lines" in the FL0-2D / flo_help folder. 

20 
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Modeling Sediment Transport 

Mobile bed simulation is complicated and should be at
tempted only after a rigid bed model is fully functional: 

1. Turn 'on' sediment transport switch (I SED = 1) in 
the CONT.DAT file form. 

2. Turn off the mudflow switch (MUD = 0) and set 
XCONC = 0.00 in the CONT.DAT file form. 

3. Assign the SED.DAT file sediment parameters. 
4. For channel sediment transport, set ISEDN = 1 for 

each channel segment in CHAN.DAT. 
5. Read the 'Sediment Transport- Total Load' section 

in the FL0-2D U sets Manual. 

• The following units are used in the FL0-2D model. These are 
the units that are entered in *.DAT input files. 

English Metric Conversion 

Variable English Metric 

discharge cfs m3/s (ems) 

length (depth) ft m 

hydraulic conductivity (infil) inches/hr mm\ hr 

rainfall and abstraction inches mm 

soil suction inches mm 

velocity fp s mps 

volume acre-ft m3 (em) 

• viscosity poise (dynes-s/ cml pmse 

yield stress dynes/ cm2 dynes/ cm2 
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Channel Hints and Guidelines 

Overview 

Review the CHAN.DAT file description in the Data Input Man
ual. It includes a list and explanation of all channel variables and 
instructions on how to apply them. 

The most important aspect of simulating channel flow is to cor
rectly balance the slope, flow area and roughness to replicate field 
conditions. In the FL0-2D model, river flooding using the chan
nel component is simulated as one-dimensional, depth averaged 
flow. Each channel element is represented by either rectangular, 
trapezoidal or surveyed cross section. Simulating river flow re
quires the following data: 

Location of the channel with respect to the grid system; 
Channel roughness; 
Length of channel within the grid element; 
Channel cross section data. 

Channel slope is computed as the mean bed elevation difference 
between the channel elements. Channel elements must be con
tiguous to be able to share channel discharge. 

Creating the Channel Data File 

The procedure for creating a river channel simulation is as follows 
(see Channel and PROFILE Lessons): 

22 
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Select Channel Cross Sections 

River cross section survey data is organized in the XSEC. 
DAT file with a station and bed elevation format. Each 
cross section may represents one or more channel ele
ments. Each channel element is assigned a cross section 
in the CHAN.DAT. For channel design projects, a rect
angular or trapezoidal cross section may be selected. 

Locate the Channel E lement with Respect to the Grid System 

Use the GDS processor programs to identify the left 
bank channel element (see the GDS Channel Lesson 4) . 
For flow to occur through a river reach, the channel ele
ments must be neighbors . 

Asszgn the Preliminary Channel Data 

The GDS will list the selected channel elements in a dia
log box. Preliminary channel data such as shape, channel 
element number, channel extension direction, roughness 
n -value, channel length and cross section number can be 
assigned in the channel editor dialog box. 

Define the Right Bank E lement 

The channel width can be larger than the grid element. 
For example, a channel may be 1000 ft wide while the 
grid element is only 200ft wide. The left and right bank 
elements can be separated by several grid elements. The 
channel component interacts with the right and left bank 
elements to share discharge with the floodplain. Each 
bank element can have a unique top-of-bank elevation. 
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Asszgn the Cross Section Number 

Assign the surveyed cross section number in XSEC. 
D T to the corresponding channel element in CH N. 
D T. ssign a zero (0) value to the rest of the channel 
element cross section numbers. Typically, there are only 
a limited number of cross sections and many channel 
elements. Before interpolation, therefore, the channel 
profile will look like a staircase. After you click on the 
GDS 'Interpolation' button each channel element will 
have a unique cross section and bed elevation and the 
cross sections numbers in XSEC.D T and CHAN.DAT 
will correspond and will be renumbered from top to 
bottom starting with cross section number 1. Both the 
slope and cross section shape for each channel element 
will be interpolated between those channel elements 
with assigned cross sections. 

Asszgn the Channel length Within the Grid E lement 

The channel length (XLEN) within a grid element is es
timated. The GDS calculates the XLEN automatically. 
The channel lengths are then summed and reported by 
GDS for each segment. The river center-line distance 
can be estimated with the GDS Measure Distance along 
a Line tool. The individual XLEN values can then be 
adjusted so that the reach length is exact. 

Adjust the Channel BedS lope and Interpolate the Cross Sections 

The cross section geometry and slope can be re-inter-
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polated between any two channel elements in the PRO
FILES program. The result of this interpolation is an 
adjusted cross section shape and bed slope. The assigned 
surveyed cross sections retain their original shape and el
evations. The bed slope for rectangular and trapezoidal 
can also be adjusted. 

A sszgn the Manning~ n-value. 

Initially a uniform Manning's n-value can be assigned 
to all the channel elements. Using the limiting Froude 
number (FROUDC) in Line 1 of the CHAN.D T file, 
spatially variable n-values can be adjusted. The n-value 
should represent a composite flow resistance for the 
entire channel including bed irregularities, obstructions, 
vegetation, variation in channel geometry, channel ex
pansion and contraction, potential rapidly varying flow 
and variable river planform. Poor selection of n-values 
(particularly underestimating n-values) or failure to pro
vide spatial variation in roughness can result in numeri

cal surging. 

Additional Channel Data Instructions 

The user can select several options when setting up the channel 
data file including grouping the channel elements into segments, 
specifying initial flow depths, identifying contiguous channel ele
ments that do not share discharge (NOFLOC's), identifying chan
nel elements that don't share discharge with the floodplain (NO
EXCHANGE), assigning limiting Froude numbers and specifying 
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depth variable n-value adjustments. These options are discussed 
in more detail in the CHAN.DAT file description in the Data In-
put Manual. few instructional comments follow: 

Dividing the channel into segments by cross section geom
etry may facilitate organizing and reviewing the results. For 
example, a segment may represent a tributary or a concrete 
section of the main channel. Organize the channel segments 
and elements from upstream to downstream with the chan
nel inflow element being the first element in the file. 

The key to accurate channel routing is to balance the rela
tionship between the slope, flow area and roughness. Chan
nel routing is usually more stable if the natural cross section 
routing routine is used. Use at least 10 stations to define a 
cross sectlon. 

Channel elements that are contiguous but do not share dis
charge (e.g. parallel channels) must be identified with the 
NOFLOC variables. List each pair of non-sharing contigu
ous channel elements only once. Revie\v the CONFLU
ENCE.OUT file to make sure that you have identified all 
the appropriate NO FLOC's. If you miss some OFLOC's, 
volume conservation may not be observed. 

If you have channel elements that will not share flow with 
the floodplain (either overbank or return flow), set the NO
EXCHANGE parameter for the channel element. For 
example, closed concrete culverts which should receive no 
floodplain inflow to the channel. 

26 
Channel Hints 



• 

• 

To improve the timing of the floodwave progression through 
the system, a depth variable roughness ROUGHADJ can be 
assigned on a reach basis. The channel roughness should 
be assigned for the bankfull discharge condition. ssign
ing ROUGHADJ will result in an increase inn-value with a 
decrease in Bow depth during the flood simulation. 

Channel D ata D ependencies 

It is important to pay attention to variable dependency 
when simulating channel Bow. To simulate channel Bow, 
complete the CHAN.D T and XSEC.D T files and 
set ICHANNEL = 1 in CONT.D T. If you turn the 
ICH NNEL switch on in CONT.D T you must con
sider revising other variables including: 

CON T.DAT: 

Assign NOPRTC = 0, 1 or 2 for addition channel out
put data. 

I LOWDAT: 

Set IDEPLT = grid element with a channel inflow hy
drograph to plot a channel inflow hydrograph on the 
screen at runtime. Assign IFC = "C" for channel inflow 
hydrographs. 

OUIFLOW DAT: 

ssign I<OUT for channel outBo\v nodes and add the 
variables in Line 2 in OUTFLOWDAT 

27 
Channel Hints 



• 

• 

Channel Output 

Channel output can be reviewed in several ways. The 
channel output data is written to a series of ASCII 
output files including: BASE.OUT, HYCHAN.OUT, 
CHAN~"X.OUT, DEPCH.OUT and others. The 
HYDROG program will display a plot of the hydro
graph for each channel element. It also has a routine 
to review average hydraulic conditions (Bow area, bed 
shear stress, hydraulic radius, velocity, etc.) in a channel 
reach covering several channel elements that user can 
select in the HYDROG program. The PROFILES pro
gram can be applied to review the water surface profile, 
spatial variation in peak discharge, mobile bed profiles, 
water surface in each cross section, or the cross section 
geometry changes associated with scour and deposi
tion. Finally MAXPLOT and MAPPER will graphically 
define the relationship between channel and floodplain 
volumes by mapping the inundated areas . 
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Modeling Guidelines 

Some Basic Data File Checks 

Grid System 

The grid system should begin with grid element #1 and 
have no missing element numbers. 

There should be no dangling grid elements connected only 
by a diagonal. 

If you add elements to the grid system after the model has 
been built, the FPLAIN.D T and CADPTS.D T files will 
have to be edited . 

Channel Flow 

The channel should be organized from upstream to down
stream in CHAN.D T and should be continuous. 
At a channel confluence, the downstream main channel grid 
element must be lower in elevation than the confluence ele
ment. 
Eliminate channel elements with a channel length (XLEN) 
less than 50°/o of the grid element side width. Connect the 
channel elements across the diagonal instead. 
Create a positive bed slope at channel inflow and outflow 
nodes. 

Inflow/ Outflow Nodes 

Inflow and outflow nodes should not have other compo
nents such as hydraulic structures, streets, ARF's, etc. 
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Outflow nodes should not be doubled up. Outflow nodes 
should have upstream floodplain elements as neighbors. 
Use only one line of outflow nodes. 

Create separate input hydrograph file for clear water or 
mudflow simulations. The sediment concentration assigned 
to the discretized hydrograph has to be removed for a water 
flood simulation. Create one file INFLOWWDAT for water 
and INFLOWM.DAT mudflow, then copy the appropriate 
file to INFLOWDAT before running the model. 

Data Errors 

Data input errors may result in the automatic termination of a 
simulation run along with an error message. The error message 
will report a 'Unit' number that is associated with the data input 
file that contains an error. Referring to these numbers may help 
you to debug input data errors . 
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Unit Unit 
0. File arne 0. File arne 

9 

10 

30 

31 

32 

33 

34 

36 

37 

38 

TOLER.D T 39 SED.DAT 

CADPTS.DAT 50 OUTFLOWDAT 

CO T.D T 52 TREET.D T 

FPL I .DAT 57 LEVE .D T 

RAIN.D T 68 HYDROSTRUC.D T 

INFIL.D T 85 XSEC.D T 

I FLOWDAT 89 RAIN CELL.DAT 

CHA .D T 119 CHANE K .. D T 

RF.D T 120 FPXSEC.D T 

MULT.DAT 180 WSTIME.D T 

A more complete list of file unit numbers can be found in the 
Data Input Manual. 

Troubleshooting: Is the flood simulation running 
OK? 

There are several indicators to help you identify modeling prob
lems. The most important one is volume conservation. The FL0-
2D results should be reviewed for the follo,ving: volume conser
vation, surging, timestep decrements, and roughness adjustments 
,vith limiting Froude numbers. 

V olume Conservation 

Any hydraulics model that does not report on volume 
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Surging 

conservation should be suspected of generating or los
ing volume. A review of the SUMMARYOUT file will 
identify any volume conservation problems. This file 
will display the time when the volume conservation er
ror began to appear during the simulation. Typically a 
volume conservation error greater 0.001 percent is an 
indication that the model could be improved. The file 
CHVOLUME.OUT will indicate if the volume conser
vation error occurred in the channel routing instead of 
the overland flow component. Components should be 
switched 'off' and the model simulation run again un
til the volume conservation problem disappears. This 
will identify which component is causing the difficulty . 
Some volume conservation problems may be eliminated 
by slowing the model down (decreasing the timesteps) 
using the stability criteria. Most volume conservation 
problems are an indication of data errors. 

It is possible for volume to be conserved during a flood 
simulation and still have numerical surging. Numerical 
surging is the result of a mismatch between flow area, 
slope and roughness. It can cause an over-steepening 
of the floodwave identified by spikes in the output hy
drographs. Channel surging can be identified by dis
charge spikes in the CHANMAX.OUT file or in the 
HYD ROG program plotted hydro graphs. Predicted 
high maximum velocities indicate surging. To identify 
floodplain surging, reVle\v the maximum velocities in 
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the MAXPLOT or Mapper post-processor program. 
You can also review the VELTIMC.OUT (channel) or 
VELTIMFP.OUT (floodplain) files for unreasonable 
maximu1n velocities. Surging can be reduced or elimi
nated by adjusting Oowering) the stability criteria (DEP
TOLFP or WAVEMAX in TOLER.D T) thus decreas
ing the timesteps. If the decreasing the timesteps fails 
to eliminate the surging, then individual grid element 
topography, slope or roughness should be adjusted. This 
can be accomplished in the GDS for floodplain flow. 

or channel flow, the PROFILES program can be used 
to make adjustments. Increasing the flow roughness will 
generally reduce or eliminate flow surging. For channel 
surging, abrupt transitions in flow areas between con
tiguous channel elements should be avoided. Setting a 
lower limiting Froude number for a channel reach may 
also help to identify the problem. 

S tick:Jl Grid E lements 

When the flood simulation is running slowly, the TIME. 
OUT file can be reviewed to determine the grid elements 
('sticky') that are causing the most timestep decreases. 
TIME.OUT lists the top twenty floodplain, channel or 
street elements that caused the model to slow down. The 
file also lists whether the timestep decreases occur with 
the percent change in depth, Courant criteria or dynamic 
wave stability criteria. djustments can be made in the 
stability criteria to more equably distribute the timestep 
decreases. The model is designed to advance and decre-
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ment timesteps, so there have to be grid elements listed 
in the TIME. OUT file. If one or two grid elements have 
significantly more timestep decreases than the other ele-
1nents listed in the file, the attributes of the 'sticky' grid 
elements such as topography, slope or roughness should 
be adjusted. The goal is to make the model run as fast as 
possible while still avoiding numerical surging. 

If a floodplain ele1nent is causing most of the timestep 
decreases, check the SURF REA. 0 UT file to determine 
how much surface area is left in the floodplain element 
for flood storage. If the floodplain element contains a 
channel bank, there may be very little surface area left 
for flood storage. This will cause the model run slowly 
with exchanges the flow between the channel and flood
plain. To fix this problem: 

Remove other components from the channel bank 
element including streets or ARF values. 

Shorten the channel length (XLEN in CHAN. 
D T). This will increase the surface area in the 
channel bank floodplain elements. 

Decrease the channel cross section width in the 
PROFILES program. 

L imiting Froude Numbers 

There is a unique relationship between floodwave celer
ity and average flow velocity described by the Froude 
number that should not be violated during the numeri-
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cal routing. This physical relationship between the kine
matic and gravitation forces involves the slope, flo\.v area 
and flow resistance. To use the limiting Froude number, 
estimate a reasonable maximum Froude number for your 
flood sunulation and assign the value to either FROUDL 
(floodplain), FROUDC (channels) or STRFNO (streets) 
variables. When the computed Froude number exceeds 
the limiting Froude number, the n-value is increased 
by a small value ("" 0.001) for the next timestep. This 
change in grid element n-value helps to create a better 
match between the slope, flow area and n-value during 
the simulation. When the limiting Froude number is no 
longer exceeded, the n-value is gradually decreased to 
the original value. The changes in the n-values during 
the simulation are reported in the ROUGH.OUT file. 
For the next FL0-2D simulation, the n-value adjust
ments can be made to grid element using the maximum 
n-values reported in ROUGH.OUT. The maximum n
values are also reported in FPLAIN.RGH, CHAN.RGH 
and STREET.RGH files that are created at the end of 
a simulation. These (*.RGH) files can then be renamed 
to FL0-2D data input files (*.DAT) for the next flood 
simulation (e.g. FPLAIN.RGH = FPLAIN.DAT). 

Reviewing and interpreting the resu Its 

FL0-2D results include the maximum area of inunda
tion (maximum flow depth), temporal and spatial hy
draulic results, channel or floodplain cross section hy
drographs, peak discharge and other hydraulic output. 
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Either the MAXPLOT or the MAPPER programs can 
used to graphically review the model output. The Bow 
depth results can be plotted as either line contours or 
shaded contours in MAPPER. 

The FL0-2D flood simulation can be tenninated at any 
time during the run by clicking on Exit on the window 
menu bar or by clicking the close button in the upper 
right hand corner of the window. The simulation will 
terminate after the current timestep is completed and 
the output files will be generated and saved. This en
ables the user to recognize if the flood simulation is 
running poorly (e.g. too slow or not conserving volume) 
and stop the simulation without losing the opportunity 
to review the output data. It is also possible to restart 
the flood simulation from the point that the model was 
terminated. 

Make some adjustments 

The following adjustments to the data files may improve the simu
lation and speed up the model: 

Spatial Variation of n-values 

The most common cause of numerical surging is un
derestimated n-values. Typical n-values represent steady, 
uniform Bow. The spatial variation of n-values will af
fect the Boodwave progression (travel time) and reduce 
surging, but may not significantly impact the area of 
inundation (especially for longer flood durations). Con-
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centrate on the project area when adjusting n-values and 
review TIME. OUT and ROUGH. OUT to complete the 
n-value revisions. 

Overland Flow Manning's n Roughness Values 

Surface n-value 

D en e turf 0.17- 0.80 

Bermuda and dense grass, dense vegetation 0.17 - 0.48 

Shrubs and forest litter, pasture 0.30- 0.40 

verage grass cover 0.20- 0.40 

Poor grass cover on rough surface 0.20- 0.30 

Short prairie grass 0.10-0.20 

Sparse vegetation 0.05- 0.13 

Sparse rangeland with debris 
0% cover 0.09- 0.34 
20 % cover 0.05- 0.25 

Plowed or tilled fields 
Fallow - no residue 0.008 - 0.012 
Conventional tillage 0.06 - 0.22 
Chisel plow 0.06- 0.16 
Fall disking 0.30- 0.50 

o till - no residue 0.04 - 0.10 
o till (20 - 40% residue cover) 0.07 - 0.17 
o till ( 60 - 100% residue cover) 0.17-0.47 

Open ground with debris 0.10- 0.20 

Shallow Flow on asphalt or concrete (0.25" to 1.0") 0.10-0.15 

Fallow fields 0.08- 0.12 

Open ground, no debris 0.04- 0.10 

Asphalt or concrete 0.02- 0.05 
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Edit Topography 

The interpolation of DTM points to assign elevations to 
grid elements is not perfect even when the GDS filters 
are applied. It may be necessary to adjust some flood
plain grid element elevations when you review the re
sults. MAXPLOT and Mapper can be used to quickly 
locate grid elements with unreasonable flow depths that 
may constitute inappropriate depressions. Floodplain 
depressions can sometimes occur along a river channel 
if too many DTM points located in the channel topog
raphy. 

Floodplain S uiface Area Reduction 

The distribution of flood storage on the grid system 
can be influenced by assigning area reduction factors 
(ARF's). For large flood events, the assignment of in
dividual grid element ARF values will usually have mi
nor impact on the area of inundation. For local flooding 
detail, individual grid element ARF assignment may be 
justified. 

Channel Cross Section Aqjustments 

Typically a surveyed cross section will represent five to 
ten channel elements. Selecting a cross section to repre
sent transitions between wide and narrow cross sections 
requires engineering judgment. Use the PROFILES 
program to interpolate the transition between surveyed 
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cross sections. 

ChannelS lope A cfjustments 

Adverse channel slopes can be simulated by FL0-2D. 
Smoothing out an irregular slope condition over sev
eral channel elements to represent reach average slope 
conditions may speed up the simulation. Cross sections 
with scour holes can result in local adverse slopes that 
misrepresent the average reach conditions. Review the 
channel slope in PRO FILES. 

Street Flow 

Streets generally convey only a small portion of the flood 
volume, but may be important for flood distribution to 
remote areas of the grid system. Streets are important 
to flood delineation in urban areas. High street veloci
ties may cause numerical surging and slow the simulation 
down. Assign reasonable limiting street Froude num
bers to adjust the street n-values. 

A few important things to consider 

Some modeling tips for working with unconfined water flood 
simulations are presented. 

Rainfall and Infiltration on A lluvial Fans 

Alluvial fan surfaces can be as large as the upstream wa
tershed. Fan rainfall can contribute a volume of water 
on the same order of magnitude as the inflow flood 
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hydrograph at the fan apex. Infiltration losses can also 
significantly effect floodwave attenuation. Infiltration 
losses should be calibrated to the watershed percent loss 
by adjusting the hydraulic conductivity. Spatial variability 
of the hydraulic conductivity can be assigned with the 
GDS program. 

Sediment Bulking of Flood Hydro graphs 

For a mudflow alluvial fan simulation, sediment concen
tration can be adjusted in the INFLOWDAT file. For 
desert alluvial fans, sediment concentrations in flood 
events can reach 15°/o by volume. For concentrations 
less than 20°/o by volume, the flow will behave like a wa
ter flood. The primary effect of increasing the sediment 
concentration is to bulk the flow volume. Do not invoke 
the mudflow component (MUD = 1 in CONT.DAT) 
unless sediment concentrations greater than 20°/o by 
volume are expected. Use the XCONC factor (CONT. 
DA T) to bulk desert alluvial fan flows by 1 0°/o to 15 °/o by 
volume. Do not set both the MUD and ISED switches 
to "on" in the CONT.DAT file in the same simulation. 

Model Calibration and Replication of Flood Event 

Estimating flood hydrology (both rainfall and flood hy
drographs) can represent a significant departure from 
reality when replicating historical floods. When attempt
ing to match measured flood stages, high water marks or 
channel discharges, focus first on obtaining a reasonable 
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estimate of the flood volutne, then concentrate on the 
model details such as n-values, RF's and street flow 
Remember that flood volume is more important than 
peak discharge for a flood routing simulation. 

How can I improve model speed and stability? 

The FL0-2D model uses dynamic wave stability criteria (WAVE
MAX) as one option to control the magnitude of the computa
tional timestep. The W VE.MAX coefficient is applied to the 
o erland, street and channel components. The dynamic wave sta
bility criteria is essentially an extension of the Courant criteria 
used for diffusive wave flood routing and includes a slope term 
and specific discharge in place of the velocity and wave celerity. 
The purpose of WAVE.MAX is to provide more strict control of 
the timestep when analyzing complex and rapidly varying flow in 
channels such as channel transitions, confluences and split flow 
reaches. Several changes can be made to the application of the 
dynamic wave stability criteria to increase model speed. 

For most overland flow applications including those involving 
overbank river flooding, the Courant stability criteria is sufficient. 
This numerical stability criteria is hard-wired in the model using a 
Courant coefficient= 1.0. The dynamic wave stability criteria for 
more complex flows relates the discretized time and space system 
to the movement of the floodwave in terms of slope and specific 
discharge for individual grid elements: 
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~t < ~ So fuc2 / qo 

where: ~t = limiting computation timestep 
~=dynamic wave stability coefficient C'f/ VEMAX) 
So = bed slope 
Llx = grid element width 
qo = specific discharge 

For a floodplain, channel or street grid element, the W VE~'{ 
value increments and decrements based on whether the computed 
timestep is exceeded. 

How does WA MAX speed up the FL0-2D model? 

There are three options for applying the overland flow 
dynamic wave stability criteria: 

1. Dynamic wave stability criteria varies the model 
timestep when W VEMAX is set within the range 
0.10 to 1.00 (typical value = 0.25). This approach 
makes the model run slower, but is more numerically 
stable. 

2. The floodplain Manning's n-values are incremented 
when the dynamic wave stability criteria is exceeded, 
but the timestep is not decreased. Assign WAVE
MAX as a negative number using same range of 
values -0.10 to -1.00 (typical value = -0.25). The 
runtime chang s in the n-value \vill be written to the 
ROUGH.OUT file. The variation of the n-values 
occur according to the following relationships: 
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i. n = n + 0.0006616 eC-10
·
9 n) when the limiting 

times tep is exceeded. 

ii. n = n- 0.00005 \vhen the limiting timestep 
is not exceeded. 

This approach uses WAVEMAX to identify prob
lem elements, but then also uses increased n-values 
to resolve the mismatches between the discharge, 
slope, roughness and Bow area instead of reducing 
the time step . 

3. The dynamic wave numerical stability criteria are 
turned off when W VEMAX is assigned a value of 
100 or more. ssign WAVEMAX = W :\TEMAX + 
100. The timesteps are varied only by the change in 
depth (DEPTOL variable) or the Courant stability 
criteria. 

The guidelines for applying these options are as fol
lows: 

Run the model with W VEMAX = -0.25 and 
an appropriate limiting Froude number (e.g. 
FROUDL = 0.9 subcritical flow on an alluvial 
surface) . This will calibrate the model n-values 
for reasonable Froude numbers and for the 
movement of the floodwave using the dynamic 
wave stability criteria. 
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Review the maximum velocities in MAXPLOT 
or MAPPER to determine the location of any 
inappropriate high velocities related to numeri
cal surging and increase then-values of all the 
grid elements in the vicinity. 
Review the n-values in ROUGH.OUT. Make 
n-value adjustments in FPLAIN.RGH for any 
high n-values in ROUGH.OUT. Also make 
roughness adjustments for any observed high 
maximum velocities, then replace FPLAIN. 
DAT with FPLAIN.RGH. 
Run the simulation and continue to replace 
FPLAIN.D T until ROUGH.OUT is es
sentially empty. fe\.v incremental n-values 
changes in ROUGH.OUT will not affect the 
simulation. You can also make adjustments to 
W VEMAX and FROUDL to decrease the 
number of required n-value adjustments. 
Set WAVEMAX = WAVEMAX + 100 and 
run the model again. The model will run faster. 
Check the maximum velocities for any inappro
priate high velocities and make n-value adjust
ments. If the model has numerical surging, set 
WAVEMAX = 0.25 and run the model. The 
model will run slower, but should elinunate the 
numerical surging. 

What are the results of app!Jing different options? 

You should notice an increase in model speed when se-
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leering option 2 or 3 above. Choosing option 2 has the 
effect of improving the spatial distribution of reason
able n-values and reducing the number of choke points 
associated with numerical instability. Varying n-values 
will help to control the grid element discharge flux to ac
commodate the movement of the flood\vave. Choosing 
option 3 essentially results in the overland flow timestep 
being controlled only by the Courant criteria and the 
model runs much faster. Option 3 should be applied to 
the final production simulations. The result of follow
ing this procedure will be: 

A calibrated model for overland roughness values 
in which the discretized numerical system in both 
time and space will better simulate the movement 
of the floodwave. 

The floodwave speed will be bound by a reasonable 
limiting Froude number. 

The model will run fast without numerical surging 
or oversteepening of the floodwave . 
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Making Flood Maps 
Mapper and Mapper_NET create a diverse array of high resolu
tion graphical plots including flood hazard maps including: 

Ground surface elevation 
Maximum water surface elevation 
Maximum depth (area of inundation) 
Maximum velocity 
Final depth 
Final velocity 
Specific Energy 
Impact Pressure 
Static Pressure 
Time-to-Peak Discharge (dam and levee break) 
Time-to-One Foot (dam and levee break) 
Time-to-Two Foot (dam and levee break) 
Temporally variable depth and velocity 
Flow depth over DTM points 
Flood hazard maps 
Shape files 
DFIRM's 

Some of the maps can be generated for floodplain, channel and 
street flow. Combined channel and floodplain maximum depth 
plots can also be generated. Most of the maps can be displayed as 
either grid element plots, line contour maps, and shaded contour 
maps. Shape files for importing results to GIS are automatically 
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generated for most of the Mapper plots. Some guidelines to con
sider when developing flood maps are: 

The flood hazard map resolution is only as good as that of 
the topographic data base; 

Use background aerial images to enhance the maps; 

Contour line width and shaded contour splash over flood
plain features can affect resolution appearance; 

Computing and plotting flow depths over the DTM points 
improves the inundation map resolution; 

Map resolution controls include contour intervals, deleting 
the lowest contour, and contour smoothing; 

Mapper_NET has advanced mapping features to improve 
map resolution including breaklines. 

All CADD and GIS programs have to accommodate topographic 
data base resolution and contour splash (e.g. flood contours that 
cover levees, buildings, bluffs or other features). Map resolution 
is a function of the point density (grid element spacing), contour 
line width and plotting algorithm. Mapper and Mapper_NET 
have options to address these resolution issues including: 

Maximum flood depth computation over DTM points. 

By importing the DTM ground elevation points into 
Mapper and subtracting the ground elevation from the 
FL0-2D predicted maximum grid element water surface 
elevation, flow depths are computed for every DTM 
point. Plotting the DTM point flo\v depth shaded con-
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tours instead grid element shaded contours will greatly 
enhance the map resolution. A file (FL02DGIS.OUT) 
of these DTM point flow depths can also be created for 
importing to GIS. 

Shape file generation. 

Mapper and Mapper_NET automatically create shape 
files in the project folder that can be imported to GIS or 
CADD programs for further editing. 

Breaklines and other map controls. 

Mapper_NET is integrated with ArcGIS Runtime En
gine Controls. It has a number of contour enhance
ments including a vast array of color combinations. 
More importantly, there are breakline options to limit 
contours from crossing topographic features. 

Creating high resolution flood maps may require several rounds 
of review and adjustment of your mapping controls. The final 
map product, however, will only be as good as the topographic 
data base from which it was prepared . 
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FL0-2D Porting Document (Version 2009) 

This document will describe d1e data file changes necessary to update older model data files to 
version 2009. Porting de criptions are listed from version 2004 to version 2006, version 2006 to 2007, and 
version 2007 to 2009. 

Porting from Version 2007 to Version 2009 
There are very few data input changes to convert Version 2007 data files to Version 2009. Except 

for adding groundwater model MODFLO\'(/ switch in CO T.DAT and the new HA. B K. D T file all 
the changes involve optional data or components. The optional data file revisions do not require any 2007 
data flies modifications for the FL0-2D model to run. To convert v2007 data flies to v2009 simply open d1e 
v2007 data files i.n the GD and save d1em. odling else is necessary. Anod1er approach is to simply review 
the data files with d1e Data Input Manual description and make any necessa1y changes. 

CONT.DAT 

urface water - groundwater interaction can now be simulated d1rough the integration at runtime 
wid1 d1e ifODFL W model. The new switch parameter to initia te the groundwater model is 
IMODFL0\\1 at d1e end of line 3 after the I ED parameter. For a default of no groundwater 
simulation set I fOD FLOW = 0. 

CHAN.DAT 

The critical m del revision that must be addressed i d1e elimination of d1e IQDIR channel extension 
direction from ilie CHAN.DAT file. The data input change is automated in the GDS and 
FLOENVIR. The required data revision is as follows: 

D elete IQDIR from Line 2. This can be done manually. It is only necessary, however, to open and 
save d1e CH.A .DAT in d1e GD or FLOE R and save d1e fil e and the IQDIR variable will be 
deleted and a n w data file CHANBA K.DA Twill be generated. This new file c ntains dle left and 
right bank channel elements and it is automatically generated when the channel i saved in d1e GD S 
and FLO VIR. After d1e CHA B K.Dr\ T i generated, it may be n ces u y to make some 
minor adjustments to d1e automated selection of the right banks . .Aga.ll1 this can be done graplucally 
in d1e GDS or FL E R. 

OptioNal Data Ft!e Revisio11S 

The Courant umber can now be assigned .ll1 TOL "' R.DAT as line 2. ee d1e PD. handout en tided 
"Courant umber Instructions". 

Levee fragility curves can be a signed in the BRE.t\ CH.DAT file and d1e global and inclividuallevee 
curve assignment to the levee element is accomplished in d1e LE "' E.DAT file. The new levee 
fragility cmve data is appended to d1e each file. Refer to d1e re pective data file descriptions to input 
d1e fragility curve parameters. 

For surface water/groundwater .ll1teraction at runtime, review d1e required MODFLOW param eters 
in the MODFLOW.DAT file in dle Data Input Manual. 

Additional 0Htput Files 

Three new output files are now generated: 

FPINFILTRATION.O T conrain the total cumulative infiltration by grid element. 

VELTIMC.OUT and VELTIMFP.OUT li sts maximum velocity and rime of occurrence in descending order for the 
channel and floodplain respectively. 
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Porting from Version 2006 to Version 2007 
Convert Version 2006 FL0-2D data files to the Version 2007. These data file revisions were made 

to simplify the data input and to accommodate new variables. o conversion program was created to 
perform the data file revision because they are so simple. Edit the data files as follows: 

CONT.DAT 

Delete I PLOT. This variable is now assigned automatically. 

CHAN.DAT 

Delete ICHDEP from Line 1. This variable i now assigned automatically. Please note that more 
than one line 1 may appear in the file . 

LEVEE.DAT 

Add ILEVF AIL to Line 1. This is new switch to identify the levee failure mode. Set ILEVFAIL = 
0 for no levee failure. Set ILEVF IL = I for prescribed level failure rates of breach opening. Set 
IL -< VFr\IL = 2 for initiating the levee or dam breach failure routin . 

The following data files changes are optional and are not required to make a Version 2006 data set 
model run with the Version 2007 model . 

CONT.DAT 

Revised r\l'viA to accept -99 to turn the depth variable n-values for the floodplain. 

INFLOW.DAT 

Line 4 has been added to enable automatic assignment of water surface elevation for resetvoirs or 
ponded areas. Line 4 includes the character 'R', a grid element within the reservoir area IRESGRID 
and the water surface elevation RESERVOIREL of the FL0-2D sin1wation. See I FLO\XI.DA T 
file description in the Data Input ManuaL 

TOLER.DAT 

Revised 'i r\ \TEMr\X values to include a negative number d1at will turn off the dynamic wave 
stability criteria. See d1e TOLER.DAT file description for a complete discussion of the new stability 
criteria options. 

TheSeS curve number routine for infiltration has been added to d1e FL0-2D, but will not be 
functional until Jwy 1, 2007. 

INFIL.DAT 

Add I FMETHOD in line 1. I FM -< THOD is a new switch to identify d1e infiltration equation. 
Set I FMETHOD = 1 to simulate infiltration wid1 d1e Green-Ampt med1od. Set I FMETHOD = 
2 to simulate infiltration wid1 d1e SeS cmve number method. If you set I FMETHOD = 1, no 
further changes are necessary to d1e version 2006 INFIL data file. If you use rl1e SeS med1od, you 
will have add a new line 4 with d1e sese r\LL and new line 5 with I riLCHAR = 'S', 
I FGRID ), SCSC ); d1e individual grid element SCS values . 

2 



• 

• 

• 

Porting from Version 2004 to Version 2006 
A program called CO ~ RT.EXE can be downloaded from the website www.flo-2d.com to 

au tomatically port from version 2004 to version 2006. Simply download the progran.1 and copy it into a 
folder that contains the 2004 FL0-2D data files (*DA 1). D ouble click CO NVERT.EXE to run the 
program and it will find and convert the data files i.n the folder. Once the data files have been updated to 
Version 2006, the preceding porting instructions can be used to update the data files to Version 2009. 

Porting from Model Earlier than Version 2004 

ny FL0-2D version data files prior to Version 2004 have to be updated manually by reviewing the 
data file descriptions in the data inpu t manual. Open the old version data files in \X!ordPadte> o r any SCII 
editor and adjust the data parameter format. For large or comple;-~: models, it may be cost effective to have 
d1e FL0-2D staff convert the data flies to 2009 for an hourly fee. For more information, email us at 
con tact@flo-2d.com . 

3 
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FL0-2D Limiting Froude Number Application Guidelines 

Us ing the Froude number in fl ood routing models is an important to the both the 
understanding of the floodwave movement and the numerical stab ility of the model. It is even 
more important when considering mobile bed channe ls such as alluvial fans or high bed load 
nvers. The dimensionl ess Froude number Fr is given by: 

where V =depth averaged flow ve loc ity d =depth of flow above the thalweg, and a= kinetic 
energy correction factor (i nvo lving the fluid density and spec ifi c weight). Typ ica ll y a is 
as urned to be I. The Froude number helps to define the influence of grav ity on the fl ow pattern . 
A low wave wi ll propagate in free surface flow (open channe l) depending only on the 
grav itatio nal acceleration and the flow depth. The movement (speed) of the shallow wave, 
known as the wave ce lerity c = ..Jgd, is related to average flow velocity through the Froude 
number. By accepting reasonab le limitations of the overland (or channel) flow ve loc ity and 
floodwave movement, the Froude number can be used to further define the relationship between 
the veloc ity and flow depth. 

For essentially steady and uniform flow. the Manning' s n va lue is defined wo uld be 
defined by: 

n = (0.262/Fr) d0
·
17 S0°·5 

indicating that the flow roughness is in versely proportional the Fro ude number. By assuming a 
reasonab le lim iting Froude number, then value can be estimated fro m the normal depth and 
slope for a given flow discharge. 

In the FL0-2D model, the suggested n-value is based on either bankfull discharge fo r 
channel flow or I meter (3 ft) flow depth for overland flow (roughness is fully submerged). 
Suggested typical limiting Froude numbers are: 

Flat or Mild Slope Steep Slope 
(large rivers and (alluvial fans and 

floodplains) watersheds) 
Channels 0.4-0.6 0.7-1 .05 

Overland flow 0.5-0.8 0.7-0.95 

Streets 0.9-1 .2 1.1- 1.5 

Similar va lues are also reported in the CVFED FL0-2D Application Guide. If the limiting 
Froude number is exceeded, the gr id element n-va lue increases by 0.00 I for the next timestep. 
When limiting Fr is no longer exceeded, then-va lue decreases by 0.0005 if it ' s greater than the 
original n-va lue. The changes inn-va lue reported in ROUGH .OUT, FPLAIN.RGH, CHAN. RGH 
and STREET.RGH files. The use of limiting Froude number in the FL0-2D model is 
documented in the FL0-20 Pocket Guide, the FL0-20 Reference Manual, and the CVFEO 
FL0-20 Application Guide . 
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Additional considerati ons: 

1. The max imum n-values for discretized models wi ll be greater than typ ica l n-va lues for 
HEC-RAS cross sections (both channel and overbank areas). This is because of the 
unsteady and non-uniform flow contribution between elements and the flow not being 
parallel to the cross section. 

2. For fl ows over mobile bed conditions (supply unlimited), critica l flows are approached 
asym ptotical ly (G rant, 1997). A relatively steep slope is req uired for flow with sediment 
transport to achieve cr iti ca l flow because the flow hydraulics oscillate. For Fr > I, flow 
in tability leads to rapid energy dissipation and bed eros ion. Flow is fo rced to stay 
around critica l by incipient motion thresholds. The equilibrium sa nd bed morphology 
tends to minimize the Froude number (Ji a, 1990). 

3. The limiting Fro ude number for mobile bed conditions can be approx imated by (Grant, 
1997): 

Fr= 3.85 S033 gravel bed (1.cr = 0.03) 
- 0. 11 • -Fr - 5.18 S sa nd bed (1 cr - 0.06) 

4. Roughness n-values include many facto rs: n = n 1 + n2 + n3 + n4 + .. . such as friction drag, 
vegetat ion, expans ion/contraction, bed fo rms, flow in bends. unsteady and non-uniform 
flow 

References: 

Grant, G.E. , 1997. ''Critica l fl ow constrains flow hyd rau lics in mobile bed streams: A new 
hypothesis,'' Water Resources Resea rch, V. 33 , No.2, pp. 349-358. 

Ji a, Y. , 1990.' Minimum Froude number and the equilibrium of alluvial sand ri vers," Ea rth 
Surface, Processes, and Landforms, 15 , pp. 199-209 . 
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A .few comments on modeling free wface flows ... 

With faster computers and higher resolution digital terrain models, flood routing models are 
becoming very detail ed. When adding detail to a two-dimen ional fl ood routing model, a number of 
factors should be considered including fl ood hydrology accuracy, topographi c model resolution, spacing 
of the channel eros secti on , and li mited calibration data. A fl ood model become more detailed. the 
user should try to find a balance between model re olution, computer resources and budget. 

Reliable fl ood hazard delineati on requires a criti ca l review of model appli cabili ty , modeling 
assumptions, and the avail abl e data bases. While finite difference models have become more versatile 
with increa ing computer resources, inadequate hydrographic data bases stil l limit the accuracy of fl ood 
hazard del ineation. Digital terrain models are becoming the foundati on of high resolution mapping, but 
post-fl ood event urveys of high water mark and aerial photography of the area of inundation are either 
unavailable or perhaps were collected long after the fl ood waters have receded. Correlating the area of 
inundation w ith fl ood peak discharge can lead to the harsh realization that our best di scharge 
measurement or gaging data have limited accuracy at high flows. Our modeling and mapping results 
may be only a good a the model calibration to post-flood data. 

As fl ood inundation mapping advance with hyd rograph routi ng, extensive topographic data 
bases, high re olution graphic , and unconfined hydraulic modeling, it may appear that fl ood modeling 
complexity is becomi ng overwhelming. Please take heart in the comments of Cunge et al. (1980): 

"The modeler must resist the temp tation to go back to one-dimen ional chematization 
because of lack of data othen vi e necesscuy for an accurate two-dimen ional model 
calibration. I.f the.flow pattern is truly two-dimen iona!, a one-dimen iona! chematization 
will be u e!ess a a predictive tool. .. " "It i bel/er to have a two-dimensional model 
partially calibrated in such situation than a one-dimensional one which is unable to predict 
unobserved events. Indeed, the faller i of very lillie use while the .former is an 
approximation which may alway be improved by complimentary urvey. "4 

A s a final word, please remember that all software programs has an occas ional glitch. M odel ing 
bugs are inherent par1 of the process of adding new routines and attempting to make the model run faster. 
Even when a model engine is fine tuned, adding components may introduce confli cts with older 

subroutines or perhap may uncover bugs that were previously undetected. FL0-2 0 is no exception . 
Version 2007 will run fa te r than previous models and when comparing re ults with prev iou versions, 
you may note some minor differences associated with the larger computati onal time teps. Generally, the 
Version 2007 FL0-20 re ul t should be more accurate, but we will immediately address all questions 
concerns over model application, accuracy or problem . On occasion there i a proj ect application that 
pushes the model to new limit . uch proj ect can lead to new developments that benefi t all users. The 
modeler is encouraged to hare interesting proj ect w ith us. We aspire to make the FL0 -20 model a 
comprehensive and flex ible tool. 

i 
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BRIEF OVERVIEW 

FL0-20 is a volume conservation flood routing model. It is a valuable tool for delineating flood 
hazards, regulating floodplain zoning or designing flood mitigation. The model will simulate river 
overbank flows but it canal o be used on unconventional flooding problems such as unconfined flows 
over complex alluvial fan topography and roughness, split channel fl ows, mud/debris flows and urban 
flooding. FL0-20 is on FEMA 's li st of approved hydraulic models for both riverine and unconfined 
alluvial fan flood tudie . 

The FL0-20 software package includes a grid developer system (GDS), a Mapper program that 
automates flood hazard delineation, and the FREQPLOT program to analyze flood frequency. The GO 
will filter OTM points, interpolate the OTM data and assign elevations to grid elements. The MAPPER 
program automates flood hazard delineation. MAPPER will generate very detailed flood inundation co lor 
contour maps and shape fil es. It will also replay flood animations and generate flood damage and risk 
maps. A graphical user interface (GUI) has been developed to assist the user in preparing and editing the 
data fil es. 

The FL0-20 Reference Manual is devoted to a model description, theory and components. The 
user is encouraged to read this manual to become familiar with the overall model attributes and equations. 
The Data Input Manual is subdivided into a seri es of data fil es with variable descriptions and comments. 

The user shou ld consult this manual when constructing data files. Separate manuals are devoted to the 
application of the GO and Mapper. 

The user can keep current on FL0-20 model and processor updates, training and other modeling 
news at the website: W \¥\¥. fl o-2d.com. 

FL0-2D Software, Inc. 
P.O. Box 66 
Nutrioso, AZ 85932 

Phone and FAX: (928) 339-1935 
Email: contactus@flo-2d.com 
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I. INTRODUCTION 

This Reference Manual discu ses the physical processes of flooding. It is de igned to acquaint 
the user with the model theory, finite difference algorithm , model components modeling a sumptions 
and limi tation , and potential flood scenario . A reference li t i provided for further reading. 

1.1 Evolution of the FL0-2D Model 

The first version of the FL0-2D model was ca ll ed MUDFLOW. It was initiated in 1988 to 
conduct a Federal mergency Management Agency (FEMA) flood insurance tudy (FIS) of an urbanized 
alluvial fan in Colorado. FEMA had requested the investigation of flood routing model that might be 
suitable for simulating mudflows. The Diffusive Hydrodynamic Model (OHM) created by Hromadka and 
Yen (I 987) distributed by the U G was con idered to be a simple finite difference model that might 
erve a a template to develop a more sophisticated hydraulic model for mudflows. The election of the 

OHM model as a template for the MUDFLOW model was based on its availabi li ty in the public domain, 
its simple numerical approach and a finite difference scheme that permitted modification of the grid 
element attributes. 

The original MUDFLOW model was on ly a few hundred lines of Fortran code and was limited to 
250 grid elements. A six hour hydrograph took over 12 hours to run on an XT computer. After 21 years 
of development, the program code has grown to be in excess of 40,000 lines of code, 60 subroutines and a 
number of processor programs. Virtually none of the original simplistic OHM concept remains in the 
current FL0-2D model. FL0-20 computes overland flow in 8-directions, reports on mass con ervation, 
utilizes a variable timestep incrementing and decrementing scheme, incorporate efficient numerical 
tability criteria, has unlimited array allocation (unlimited grid elements), includes graphical editing, and 

ha output display processor programs. 

FL0-2D is a phy ical process model that routes rainfall-runoff and flood hydrographs over 
unconfined flow urface or in channels using the dynamic wave approximation to the momentum 
equation. It has a number of components to simu late street flow, buildings and ob truction , sediment 
transport, patially variab le rainfall and infiltration, floodways and many other flooding details. Predicted 
flow depth and velocity between the grid element represent average hydraulic flow cond itions computed 
for a small time tep (on the order of seconds). Typical applications have grid elements that range from 25 
ft to 500ft on a ide and the number of grid elements i unlimited . 
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1.2 Modeling the Hydrologic System with FL0-2D 

The FL0 -20 system con ists of processor programs to fac ili tate graphi cal ed iting and mapping 
and components that simulation channel and fl oodpl ain detail. The Grid Developer System (G O ) 
generates a grid system that represents the topography as a series of small tiles. The FL0-20 model has 
components fo r rainfa ll , channel flow, overland flow, treet fl ow, infiltration, levees and other phys ical 
features. The GDS and the FLOEN VJR processor programs are used to spatially edi t the grid system 
attributes. The PROFILES program edits channel slope and cross section shape. Flood routing results 
can be viewed graphi ca ll y in the MAXPLOT, MAPPER and HYDROG (plot hydrograph) programs. 

FL0-20 is an effective too l fo r delineating flood hazards or designing fl ood mitigation . The 
model utili ty is di scovered through its applicati on to di verse fl ooding problems. Starting with a bas ic 
overland fl ood scenario, detail s can added to the simulation by turning on or off switches fo r the various 
components hown in Figure I. Multipl e fl ood hydrographs can be introduced to the ystem either as a 
fl oodplain or channel infl ow. As the fl oodwave move over the fl oodplain or down channel or streets, 
fl ow over adverse slopes, fl oodwave attenuat ion, ponding and backwater effects can be simulated. In 
urban areas, buildings and flow obstructions can be simulated to account fo r the loss of torage and 
redirection of th e fl ow path. The levee component can be u ed to test miti gati on alternati ves. 

Channel fl ow is one-dimensional with the channel geometry represented by either by natural, 
rectangul ar or trapezoidal cross sections. Street fl ow is modeled as a rectangul ar channel. Overland fl ow 
is modeled two-dimensionall y as either sheet fl ow or fl ow in multiple channels (rill and gulli es). 
Channel overbank flow is computed when the channel capaci ty is exceeded. An interface routine 
calcul ates the channel to fl oodplain fl ow exchange including return fl ow to the channel. Simil arly, the 
interface routine also ca lculates fl ow exchange between the streets and overland areas within a grid 
element (Figure 2). Once the fl ow overtops the channel, it will disperse to other overland grid elements 
based on topography, roughness and obstructions. For flood projects with pecific requirements, there are 
several unique components such as mud and debris fl ow routing, sediment transport a floodway option, 
open water surface evaporation and others. 

The user is encouraged to apply these components whil e understanding the contri bution of each 
component to th e overall fl ood di stri bution. It is important to assess the level of detail required on a 
given project. FL0-20 users have a tendency to put more detail into their models than is necessary for a 
large fl ood event. Preparation of channel fl ow, street fl ow, buildings and fl ow obstructions data fil es can 
be time con uming and should be tailored to meet the project needs. The des ired accuracy of predicted 
water surface elevation should be consistent with the resolution of the mapping, survey and hydrologic 
data bases. imulating large floods requires less detail than shallow fl ood or mitigation des ign model 
Gri d element sizes ranging from 25 ft (8 m) to 500 ft ( 150 m) is practica ll y for most fl ood inundation 
projects . 
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1.3 Getting Started on a Project- A Brief Overview 

There are two important steps to starting a fl ood imulation, obtaining the topographic data base 
and developing the flood hydro logy. For the first step, a digital terrain model (DTM) ha to be overlaid 
with a grid system. The Grid Developer System (G DS) processor program will overl ay the grid system 
on a DTM data base and assign elevations to the grid elements. Ae rial photography, detailed topographic 
maps, orthographic photos and digitized mapping can be u ed to locate important features with respect to 
the grid sy tem such a streets, buildings, bridges, culverts or other flood conveyance or contai nment 
structures. Figure 3 is a flow chart that outlines how the various components interface with each other. 

Each fl ood si mul ati on requi res either an inflow flood hydrograph or a rain storm. The discharge 
inflow points mi ght include the alluvia l fa n apex or a known discharge location in a river system. FL0-
2D can be used to generate the fl ood hydrograph at a specific location by modeling the rainfa ll-runoff in 
the upstream watershed. Another approach is to use an external hydrologic model to generate an inflow 
hydrograph for the FL0-2D model. Rainfa ll can also be simulated on the water surface as the fl ood 
progres es over the grid ystem. The model inflow flood volume is the primary facto r that determines an 
area of flood inundation. For that reason it is suggested that an appropriate effort be spent on the 
hydrology ana lys is to support the accuracy of the fl ood routing simulation . 

Results from a FL0-20 fl ood simulation may include: outflow hyd rographs from the grid 
system; hydrographs and flow hydraulics for each channel element; flood hydrograph and hyd raulics for 
designated floodpl ain cross secti ons; maximum flow depths and ve lociti es for all grid elements; changes 
in bed elevati on; and a summary of the inflow, outflow, storage and vo lume losses in the system. The 
user can specify the temporal and spat ial output detail including the outfl ow hyd rograph locat ions, the 
output time intervals and the graphical di splay of the fl ood progress ion over the grid system. Starting 
with the preliminary FL0-20 runs, the user should test the output option to determine req uired level of 
output detai I. 
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II. FL0-2D MODEL THEORY 

FL0-20 i a simple vo lume conservation model. It moves the fl ood volume around on a series of 
tiles for overland flow or through stream segments for channel routing. Floodwave progression over the 
flow domain i controlled by topography and resi tance to fl ow. Flood routing in two dimen ions is 
accompli shed through a numerical integration of the equations of motion and the con ervation of fluid 
volume for either a water flood or a hyperconcentrated ediment fl ow. A presentation of the governing 
equations i followed by a discussion on mud and debri flo w modeling. 

2.1 Governing Equations 

The general con titutive fluid equations include the continui ty equation, and the eq uation of 
motion (dynamic wave momentum equation): 

ah oh v -+-- = at ax 

ah v a v v a v 1 a v 
Sr =So--- - -- - ---ax g ax g ax g at 

where hi s the fl ow depth and Vis the depth-averaged velocity in one of the eight flow directions x. The 
excess rainfall inten ity (i) may be nonzero on the flow urface. The friction lope component r is based 
on Manning' equation. The other terms include the bed slope So, pressure gradi en t and convective and 
loca l acceleration terms. Thi equation represent the one-dimensional depth averaged channel flow. For 
the floodplain , while FL0-20 is multi-directi on flow model , the equat ions of motion in FL0-20 are 
app lied by computing the average flow ve locity acros a grid element boundary one direction at time. 
There are eight potent ial flow directions, the four compas direction (north, east, south and west) and the 
fo ur diagonal direction (northea t, southeast, southwest and northwest). Each ve locity computation is 
e senti ally one-dimensional in nature and is solved independentl y of the other seven directions. The 
stabili ty of this explicit numerica l scheme isba ed on trict criteria to control the size of the vari able 
computational timestep. The equation representing hyperconcentrated sediment flow are discussed later 
in the manual. 

The relati ve magnitude of the acceleration components to the bed slope and pre ure terms is 
important. Henderson ( 1966) computed the relati ve magnitude of momentum eq uation terms for a 
moderate ly steep alluvia l channel and a fa t ri ing hydrograph as fo llows: 

Bed Pre sure Convective Local 
Slope Gradient Acceleration Acceleration 

Momentum Equation Term: So 8h/8x V8V/g8x 8V/g8t 

Magnitude (ft/m i) 26 0.5 0.1 2 - 0.25 0.05 

This illustrates that the application of the kinematic wave (So= Sr) on moderately steep slope with 
relati vely steady, uniform flow i suffi cient to model fl oodwave progress ion and the contribution of the 
pre ure gradient and the acceleration term can be neglected. The addition of the pressure grad ient term 
to create the diffusive wave eq uation will enhance overland fl ow simulation with complex topography. 
The di ffus ive wave eq uati on with the pressure gradi ent i req uired fo r floodwave attenuati on and change 
in storage on the floodplain. The local and convective accelerat ion term s are important to the flood 
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routing fo r fl at or adver e lopes or very steep slopes or unsteady fl ow conditions. Only the full dynamic 
wave equation i appli ed in FL0-20 model. 

2.2 Solution Algo rithm- How the Model Works 

The di ffe rential fo rm of the continui ty and momentum equations in the FL0-20 model is sol ved 
with a central, fini te difference numerica l scheme. Thi exp li cit algorithm solves the momentum equat ion 
fo r the fl ow velocity aero s the grid element boundary one element at a time. The olution of the 
di ffe rential form of the momentum equation re ult from a di crete representati on of the eq uation when 
applied at a single poi nt. Explicit cheme are simple to fo rmulate but usually are limited to small 
timestep by trict numeri cal stabili ty criteri a. Fini te di ffe rence schemes can require lengthy computer 
runs to simulate teep ri sing or very slow ri sing fl oodwaves, channels with highly variabl e cross sections, 
abrupt change in slope, plit fl ow and ponded fl ow areas. 

The solution domain in the FL0 -20 model is di creti zed into uni fo rm , square grid elements. The 
computati onal proced ure fo r overland fl ow involves calculating the di scharge across each of the 
boundaries in the eight potential fl ow directions (Figure 4) and begin with a linear e timate of the flow 
depth at the grid element boundary. The estimated boundary flow depth is an average of the fl ow depths 
in the two grid elements that will be sharing di charge in one of the eight direction . Non-linear est imate 
of the boundary depth were attempted in previou version of the model. but they di d not ignificantly 
improve the re ul ts. Other hydraulic parameters are also averaged between the two grid elements to 
compute the fl ow velocity including flow resistance (Manning's n-va lue), fl ow area, slope, water surface 
elevati on and wetted perimeter. The fl ow velocity (dependent variable) across the boundary is computed 
from the so lut ion of the momentum equation (di scus ed below). U ing the average fl ow area between 
two elements, the di charge for each timestep is determined by mu ltiplying the veloc ity tim es fl ow area . 

The ful l dynamic wave eq uation is a econd order, non-linear, partial di fferential equati on. To 
solve the equation for the fl ow velocity at a grid element boundary. initially the fl ow velocity is 
ca lculated v ith the diffu ive wave eq uati on u ing the average water surface slope (bed slope plus pre ure 
head grad ient). This ve locity is then u ed as a first e timate (or a seed) in the econd order ewton
Raphson tangent method to determ ine the roots of the full dynamic wave equati on (James, et. al. , 1977). 
Mann ing' equation i applied to compute the fri cti on slope. If the ewton-Raph on olution fa il to 

converge after 3 iteration , the algorithm defaults to the diffu ive wave solution. 

In the full dynami c wave momentum equat ion, the local accelerati on term is the diffe rence in the 
velocity for the given fl ow di rection over the previous timestep. The convecti ve acceleration term is 
eva luated as the di fference in the flow velocity aero the grid element from the previous time tep. For 
example, the local acceleration term ( 1/g* oV/&t) fo r grid element 251 in the east (2) direction converts to: 

6.(V,- V,., )2s /(g * t) 

where V, is the veloci ty in the east direction fo r grid element 25 1 at tim e t. V,.1 is the ve locity at the 
previous timestep (t- 1) in the ea t direction, t i the time tep in seconds, and g i the acceleration due to 
gravi ty. A similar con truct for the convecti ve accelerati on term (Vxfg* c3V/c3x) can be made where V2 is 
the veloci ty in the east directi on and V4 is the velocity in the west direction fo r grid element 25 1: 

Y2 * (V2- V4)2s,/(g * 6.x) 

The di scharge across the grid element boundary is computed by mu ltipl ying the velocity times 
the cross ectional flow area. After the discharge i computed fo r all eight directi ons, the net change in 
di charge (sum of the discharge in the eight fl ow direction ) in or out of the grid element is multiplied by 
the timestep to determine the net change in the grid element water vo lume (see Figure 4). This net change 
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in vol ume is then divided by the available surface area (A surf = storage area) on the grid element to obtain 
the increase or decrease in flow depth .6h for the timestep. The channel routing integration is performed 
essenti ally the ame way except that the flow depth is a function of the channel cross section geometry 
and there are u ually only one upstream and one downstream channel grid element for sharing discharge. 

I '+/ 
rl = Q +Q + Q +Q +Q +Q +Q +Q =A,,.r h/ t ~x 11 e s w 11e se sw " " ' 

where: Ox= discharge acros one boundary 
A surf = surface area of one grid element 

h/ t = change in flow depth in a grid element during one timestep 

To summarize, the olution algorithm incorporates the fo llowing steps: 

I. The average flow geometry, roughness and slope between two grid elements are computed. 

2. The flow depth d, for computing the velocity aero a grid boundary for the next time tep (i+ l) is 
estimated from the previou timestep i using a linear estimate (the average depth between hvo 
elements). 

i+ J - ; i 
d x - d x + d .<+l 

3. The first est imate of the elocity is computed u ing the diffusive wave equation . The on! unknown 
var iable in the diffusive wave equation is the velocity for overland, channel or treet flow. 

4. The predicted diffu ive wave velocity for the current timestep is used a a seed in the Newton
Raphson so lution to solve the full dynamic wave equation for the olution velocity . It hould be 
noted that for hyperconcentrated sed iment flows such a mud and debris flows, the velocity 
calcu lations include the additional viscous and yield tress terms. 

5. The di charge Q across the boundary is computed by multiplying the ve locity by the cross sectional 
flow area. For overland flow, the flow v idth is adjusted by the width reduction factors (WRFs). 

6. The incremental di charge for the timestep aero the eight boundaries (or up tream and downstream 
channel elements) are ummed, 

Q·+t _Q +n +Q +Q +Q +Q +Q +Q 
x - n ~ s w ne se sw nw 

and the change in volume (net discharge x time tep) is distributed over the available torage area 
within the grid or channel element to determine an incremental increase in the flow depth . 
where .6Qx i the net change in di charge in the eight floodplain directions for the grid element for the 

A i + / A Qi+/ /'A 
0 d x = 0 x { ; , swj 

timestep .6t between time i and i + I. 

7. The numerical stabi li ty criteria is then checked for the new grid element flow depth. If any of the 
tability criteria are exceeded, the simulation time is reset to the previous si mulation time, the 

timestep increment is red uced, all the previou timestep computations are discarded and the ve locity 
computat ion begin again . 

8. The simu lat ion progresses with increasing timesteps until the stabi li ty criteria are exceeded . 

In this computation equence, the grid system inflow discharge and rainfall i computed first, then 
the channel flow is computed. ext, if streets are being simulated, the treet discharge is computed and 
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finally, ove rl and flow in 8-directions is determined (F igure 5). After all the flow routing fo r these 
components has been completed, the numerical stability criteri a are tested for every floodplain grid , 
channel or street element. If stability criteri a of any element i exceeded, the timestep i reduced by 
various funct ion depending on the previous hi story of stab ili ty succe and the computation sequence is 
restarted. lf all the numerical stabili ty criteria are uccessfully met, the timestep is inc rea ed for the next 
grid ystem computationa l sweep. During a sweep of the grid system for a timestep. di charge flux i 
added to the inflow elements, flow velocity and di charge between grid element are computed and the 
change in torage volume in each grid element for both water and sediment are determined. All the 
inflow volume, outflow volume, change in storage or loss from the grid ystem area are summed at the 
end of each time step and the vo lum e conservation is computed. Results are written to the output tiles or 
to the creen at u er pecitied output time interva ls. 

The FL0-20 flood routing scheme proceed on the basis that the timestep i uftic iently small to 
insure numerical stabi lity (i.e. no numeri cal surging). The key to effic ient finite difference flood routing 
is that numerical tability criteri a limits the time tep to avo id surgi ng and yet allow large enough 
timesteps to complete the simulation in a reasonable time. FL0-20 ha a vari ab le timestep that vari es 
depending on whether the numerical stabili ty criteria are not exceeded or not. The numerical stabi lity 
criteri a are checked for the every grid element on every timestep to ensure that the oluti on is table. If 
the numerical stabi li ty cr iteria are exceeded, the time tep i decreased and al l the previous hydraulic 
computations for that timestep are di carded. Most explicit chemes are subject to the Courant-Fri ed rich
Lewy (CFL) condition for numerical stabili ty (Jin and Fread, 1997). The CFL condition relate the 
floodwave celerity to the model time and patial increment . The physical interpretation of the CFL 
cond iti on is that a particle of fluid should not travel more than one spatial increment 11x in one timestep 
11t (F letcher, 1990). FL0-20 u es the CFL conditi on for the floodplain , channel and street routing. The 
timestep 11t i limited by: 

where: 
11t = C 11x I CPV + c) 

Cis the Courant number (C ~ 1.0) 
11x is the square grid element width 
V i the computed average cross section velocity 
~ is a coefficient (5/3 for a wide channel) 
c is the computed wave celer ity 

While the coefficient C can vary from 0.3 to 1.0 depending on the type of exp li cit routing algorithm a 
va lue of 1.0 is employed in the FL0-20 model to allow the model to have the largest ti mestep. When C 
is set to 1.0, artificial or numerical diffusivity is theoretica lly zero for a I in ear convective equation 
(F letcher, 1990). 

For nonlinear equations, it is not possible to completely avoid the a1titicial diffus ivity or 
numerical dispersion by etting C equal to 1.0 (Fletcher, J 990). For fu ll dynamic wave routing, another 
set of the numeri cal stabili ty cri teria is app li ed that was developed by Ponce and Theurer ( 1982). This 
criteria is a function of bed slope, specific discharge and grid element size. It is expres ed as: 

11t < 

where q0 is the unit di charge, So i the bed slope and 1;. is an empirical coefficient. The coefficient 1;. wa 
created as a vari ab le unique to the grid element and is adjusted by the model during runtime within a 
minimum and maximum range set by the u er. Similar to the CFS criteria, when thi numerical stabi li ty 
is exceeded, the hydraulic computations for that time tep are dumped and the time tep is decrea ed . 
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Before the CFL and the full dynamic wave equation numerical stability criteri a are evaluated 
during a FL0-2D simulati on, the percent change in depth from the previous timestep for a given grid 
element is checked. Thi percent change in depth is used to preclude the need fo r any additional 
numeri ca l stabi lity analysis. If the percent change in depth is greater than that pecified by the user, the 
timestep is decreased and all the hydraulic computati ons fo r that timestep are vo ided. 

Time teps generally range from 0. 1 econd to 30 econds. The model start wi th the a minimum 
ti mestep equal to I econd and increases it until one of the th ree numerical stabili ty condition is exceeded, 
then the timestep i decrea ed. If the stability criteria continue to be exceeded, the timestep is decrea ed 
until a minimum timestep is reached. If the minimum timestep is not small enough to conserve volume or 
maintain numerical tabili ty , then the minimum timestep can be reduced, the numerical tability 
coefficients can be adj u ted or the input data can be mod ified. The timesteps are a function of the 
di scharge flu x for a given grid element and its size. mall grid elements with a steep ri sing hydrograph 
and large peak discharge require small timestep . Accuracy is not compromi ed if mall timestep are 
used, but the computati onal time can be long if the grid y tem is large. 

2.3 The Importance of Volume Conser·vation 

A review of a model flood simulati on results begins with volume con ervati on. Volume 
conservati on is an indicati on numerica l stabili ty and accuracy. The inflow volume. outflow vo lume, 
change in storage and infil trat ion and evaporati on lo e from the grid system are summed at the end of 
each time step. The difference between the total inflow volume and the outfl ow volume plus the storage 
and losses is a mea ure of the vo lume conservati on. Volume conservation result are written to the output 
fil es or to the screen at u er specified output tim e interva ls. Data errors, numerical in tabili ty , or poorly 
integrated components may cause a loss of vo lume conservation. Any imulation not conserving volume 
should be revi ed. It should be noted that vo lume conservation in any fl ood simulation i not exact. 
While some numeri cal error is introd uced by round ing numbers, approximat ion or interpolati ons (such 
a with rating table ), vo lume houl d be con erved within a fraction of a percent ofthe inflow volume. 
The user must decide on an acceptable level of error in the vo lume conservation. Most simulation are 
accurate fo r vo lume conservati on within a few mi II ionths of a percent. Generally, vo lume con ervati on 
within 0.00 I percent or less can be con iderate a a ucces fu l flood simulation . 
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III. FL0-2D MODEL SYSTEM 

3.1 Assum ptions 

Conceptualization 

FL0-20 flood routing is ana lyzed using a vo lume and momentum con ervation numerica l 
scheme. The model moves around blocks of fluids on a di cretized fl ow domain con i ting of a sy tem of 
tiles. FL0-20 numerica ll y di tri bute the vo lume in fi ni te flui d blocks to mimic the floodwave 
progression and ti ming over the discreti zed surface. Conceptually FL0 -20 is not a Lagrangian pa1t icle 
dynamics model but ra ther a vo lume con ervation model that moves bl ocks of vo lume around on the grid 
ystem in eight directions while contro lled by numerica l stabili ty criteri a. 

Spatial Resolution 

The spatial and temporal resolution of the FL0-20 model is dependent on the size of the grid 
elements and rate of ri e in the hydrograph (di scharge flux). The rate of change in fl ood di scharge results 
in an incremental change in the fl ow depth when di tributed over the ava ilable grid element surface area 
fo r a given timestep. Smaller grid elements may improve the resolution of the fl ood distri bution at the 
cost of increased computati onal time. more extensive data fil es and boundary condition . A balance must 
be struck between the number of grid element and an acceptable computational time. A grid size of 50ft 
(15 m) to 500ft ( 150 m) i u ually appropri ate for mo t imulations. Small er grid elements will not only 
signifi cantly increa e the number of grid elements (the number of grid elements i quad rupl ed each time 
the grid element size i divided by two), but the rate of discharge flux per unit area of the grid element 
increases . 

FL0-20 was developed to imulate large fl ood events on unconfined surfaces. The di creti zati on 
of the fl oodplain topography into a system of square grid elements to accommodate large di scharges can 
obscure some topographi c fea tures such as mounds and depress ions. This topographic variabili ty will not 
affect the water surface when the entire va lley is fl ooded. When simulating shallow fl ow due to steep 
slopes or small di charge, smaller grid elements hould be used. Map re olution and accuracy should be 
con idered when selecting the gri d element size. Topographi c contour reso lution of plus or minus I ft 
(0.3 m) may not suppo1t grid elements less than 50 ft ( I 5 m). 

For one-dimen ional channel fl ow, the spatial representation and variation in channel geometry i 
usually limited by the number of cross section survey . Generally one cross section repre ents 5 to I 0 
grid elements. The relati onship between fl ow area, slope and roughness can be di torted by hav ing an 
in ufficient number of cross secti on surveys. Thi s can result in numerical surges which commonly occur 
in cases of abrupt channel transiti ons. The obj ecti ve i to eliminate any di scharge urges without 
substantially reducing the timestep so that the model runs as fast as possible. Thi can be accompli shed 
by hav ing gradual transiti ons between wide and narrow reache . 

Floodwave Attenuation and Discontinuitie 

Flood wave attenuation in the FL0-20 model occurs in respon e to flood torage (both channel 
and overbank). It i the most important feature of the FL0-2D model. Infiltration and evaporation losses 
can also contribute to flood wave attenuation. Flood wave attenuation represents the interaction of the 
friction and bed slope terms with the di ffusive pressure gradient. While the applicati on of the dynamic 
wave equation can reduce instabiliti e in the flood routing computation , rapidly va rying fl ow is till 
limited by the grid element size. The model doe not have the abili ty to simulate shock waves. rapidly 
varying fl ow or hydraulic j umps, and these discontinuities in the fl ow profil e are moothed out in the 
model' s calculations. Subcritical and supercriti ca l fl ow transitions are a simil ated into the average 
hydraulic conditi on (fl ow depth and ve loci ty) between two grid elements. 
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Simulating Ponded Water Conditions 

Ponded water conditions may require special considerati on. FL0-20 u e Manning's equation to 
as ess hydrau li c roughness. Manning's equation is based on uni fo rm , fu lly developed turbulent fl ow. In 
a ponded water condi tion, the ve locity profile may not represent uniform fl ow. Flow near the bed could 
be in one-directi on and fl ow near the surface in another direction. A deep ponded water surface might 
have a very mild or fla t slope, but using Manning·s equation, high average ve locitie could still be 
computed because the ve locity is a power functi on of the depth. It is poss ibl e to compute rea onable or 
accurate water surface elevations in a ponded water condition wi th FL0-20 , but very mall time teps 
mu t be applied. The simple t approach to fo rcing small time teps is to set OEPTOL in the TOLER.OAT 
fil e to 0. I 0 or les . 

Basic Assumption 

The inherent a umptions in a FL0-20 imulati on are: 

• Steady fl ow for the duration of the time tep; 
• Hydrostatic pressure distribution; 
• Hydraulic roughness i based on steady. uni fo rm turbulent fl ow res i tance; 
• A channel element is represented by uni fo rm channel geometry and roughness. 

These assumption are self-ex planatory but they remind u that the fl ow conditions between grid elements 
are being averaged. 

Rigid Bed versu Mobile Bed 

When edirnent transport is not simulated, a rigid bed is presumed for the fl ood simulation. Rigid 
boundary conditions are appropriate for fl ow over teep slopes. urban fl ooding and mudflow events. The 
area of inundation as ociated with extreme fl ood events are generally unaffected by bed changes. 
Channel bed changes generally deviate about a mean conditi on, and the portion of the fl ood volume 
stored in the channel can be small relati ve the vo lume on the fl oodplain . It is as umed in rigid bed 
simulation that the average fl ow hydraulics and water surface are not appreciably affected by the scour 
and depo ition that might occur in an individual grid element. Simulating a mobile bed can be more 
important for smaller fl ood , fo r alluvial fan fl ows and where channel avulsion or sed iment depo iti on 
might change the fl ow path . 
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3.2 Parameter Va riability 

Roughness Adjustments 

For overland flow, there are two flow conditions that warrant special attention. Shallow overland 
flow where the flow depth is on the order of the roughness elements (>0.2 ft or 0.06 m) can be more 
effectively modeled by a signing the SHA LLOWN parameter in the CO T.DA T file. uggested n
values for the HALLOWN parameter range from 0.10 to 0.20. For hallow overland flow le s than 0.5 
ft (0. 15 m) but greater than 0.2 ft (0.06 m), 50% of the HALLOWN n-value a igned. This roughness 
adjustment accounts fo r higher flow resistance a ociated with shallow flows through vegetation. 

Depth variable n-value can be computed for both the channel and floodplain to control the 
floodwave timing. Roughness n-values to be increased for shallow flows based on the a ignment of 
bankfull n-value for the channel and flow 3 ft ( I m) and higher for overland flooding. The 
ROUGHADJ variable in the CHAN.DAT file wi ll enable the depth variable n-value adjustment for 
channel flow. The depth variable n-value is the default condition for floodplain flow and the AMA 
variable in the CO T.DAT file will 'turn off' this adj ustment. Thebaic equation for the roughness nd 
as function of flow depth i 

nd = nb rc e·(r2 depth ldmax) 

where: 

nb= bankfull di charge roughness 
depth = flow depth 
dmax = bankfull flow depth 
r2 = roughne s adjustment coefficient (fixed for overland flow) 
rc = I Je-r2 

Ponded Water Condition 

For ponded water conditions with water surface slopes less than 0.00 I, Manning's open channel 
flow equation representing the friction lope has limited applicabi lity. In this case, it may nece ary to 
low the model down by reducing the tability criteria in the TOLER.DAT fi le. It is recommended that 

you review the maxim um velocities in MAX PLOT for any surging. lfyou have unreasonable velocities, 
reduce the stab il ity criteria and/or increase n-values. The selected n-value shou ld be in a range that 
represents actual flow resi tance ( ee Table 2). 

Flow Contraction and Expan ion 

Flow contraction and expansion between two channel elements is addres ed by increa ing the 
head loss as function of the ratio of the flow area . The head loss coefficient i 0.0 for a ratio of 0.95 or 
higher. For a contraction of up to 60%, the head loss coefficient varies from 0.0 to 0.6. For flow 
expansion where the ratio of flows is 60% or less, the head loss coefficient varies from 0.0 to 1.0. The 
head loss is given by the velocity head V2/2g times the head loss coefficient and i expressed as slope 
between the two channel elements. The head los reduces the available energy gradient between the 
channel elements. Variabi I ity of the contraction and expansion coefficient is automatically computed by 
the channel routing routine. 

Limiting Froude Numbers 

Limiting Froude number can be specified for overland flow, channel flow and street flow. As an 
introduction, limiting Froude numbers can be u ed to adju t the relation hip between the flow area, slope 
and n-values. When the computed Froude number exceeds the limiting Froude number, then-value is 
increased for that grid element by a small incremental value for the next time tep. In thi manner. the 
flow can be forced to be subcritical if in reality , critical or supercritical flow is not possible. For example, 
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in steep-slope sand bed channels, high energy fl ows may entrain more sedim ent to susta in subcritical 
fl ow. In this case, the limi ting Froude number might be set to 0.9. For fl ow down steep streets, a 
maximum Froude number of 1.2 to 1.5 may be specified to limit the supercritical flow . Since FL0-20 
does not simulate hydraulic jumps, the limiting Froude number should represent average fl ow conditi ons 
in a channel reach . During the fa lling limb of the hydrograph when the Froude decreases to a va lue less 
than 0.5, the fl ow resistance n-va lue decreases by a small incremental value until the original n-value is 
reached. The limiting Froude number will be discussed in more detail in Section 4.6. 

Flood Parameter Variab ility 

FL0-20 can simulate the many components of the hydrologic system including rainfa ll , 
infiltration, street fl ow, and fl ow through hydraulic structures. Thi s level of detail requires a large 
number of vari ables. In terms of the channel and fl oodpl ain fl ood routing, the parameters hav ing the 
greatest effect on the area of inundation or outflow hydrographs are as follows: 

• Inflow hydrograph discharge and vo lume directl y affect the area of inundati on. 

• The overland fl ow path is primari ly a functi on of the topography. 

• The fl oodplain roughness n-values range from 0.03 to 0.5 and control the overland fl oodwave 
speed. 

• River channel n-values generally range from 0.020 to 0.085. Roughness adjustment will usuall y 
result in only minor vari ation of the water surface(- 0.2 ft or 0.06 m). 

• The relationship ben.veen the channel cro s section fl ow area, bed slope and roughness controls 
the flood wave routing, attenuati on and numeri ca l stabil ity. Flow area has the most important 
affect on channel routing stab ili ty . Changes in the cross section fl ow area between channel 
elements should be I im ited to 25% or less. More cross section survey may be necessary to 
simulated rap idly changi ng fl ow geometry. Constructed rapid transitions in channel geometry 
can be modeled, but will req uire small er timesteps and more channel detail. 

• Floodplain storage loss (A RF values) due to build ings, trees or topography can be globall y 
ass igned for the entire grid system using the XAR.F parameter in the CONT.DAT fil e. Typi ca ll y, 
an XA R.F value of 5% to 1 0% can be used to represent a small loss of storage over the entire grid 
y tem. 

• Most watershed and alluvial fan fl ooding should be bulked fo r sediment loading. lf the sediment 
loading will be relatively minor, the XCONC fac tor in the CONT. OAT fil e can be used to 
uniformly bulk all the infl ow hydrograph vo lum es. Typica ll y, watershed flooding that will not 
generate mudflows can be conservati vely bul ked using an XCONC va lue of I 0% to 15% by 
vo lume. River fl ood sediment concentration wi ll rare ly exceed 5% by volume and setting 
XCONC = 5% will conservati ve ly bulk the inflow hydrograph vo lum e by 1.05. Mudfl ow should 
be simulated by assigning concentrations by vo lume to the inflow hydrographs and the XCONC 
factor should not be used . 
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3.3 Inflow and Outflow Control 

A discreti zed flood hydrograph from an upstream basi n can be inflow either to the flood plain, 
channel or both . More than one grid element can have an inflow hydrograph . Hydrographs can be 
ass igned as either direct inflow or outfl ow (d iversions) from a channel. Th is could be a simple constant 
di ver ion of I 00 cfs or a vari able hyd rograph over the course of the simulation. If mudflows are being 
simulating then a vo lumetric sediment concentration or sediment vo lume must be a signed to each water 
discharge increment. 

For fl ow out of the grid system, outflow grid elements must be specified fo r either the fl oodplain 
or channel or both . The discharge from outflow elements is equal to sum of the infl ows and a fl ow depth 
is then assigned to the outfl ow element based on a weighted average of the upstream fl ow depths. In thi s 
manner, normal fl ow is approximated at the outflow element. The outflow discharge is tota lly removed 
from the system and is accounted to the outflow volume. It is poss ible to specify outflow from elements 
that are not on the boundary of the grid system, but outflow elements should be treated as sinks (a ll the 
inflow to them is lost from the fl ow system). Outflow elements should not be modified with A R.F' s or 
WR.F 's, levees, streets, etc. Channel outflow can also be establi shed by a stage-discharge. Thi s option 
can be u ed when channel outfl ow occurs at a hydraulic structure or when a known discharge relationship 
is ava ilabl e. 

Stage-time relationships can be specified fo r either the fl oodpl ain or channel. These relationships 
can be ass igned for outfl ow elements or for any elements in the system. When a stage-time re lationship is 
specifi ed, vo lume conservati on is accounted fo r when the discharge enters or leaves the stage-time 
designed grid element. Stage-time relati onships provide opportuni ty to simulate coastal fl ooding related 
to ocean storm urge, hurricane surges or tsunami s (F igure 6). In addition, the backwater effects of tidal 
vari ation on ri ver and e tuary fl ooding can be model. 

Figure 6. Overland Tsunami Wave Progress ion in an Urban Area (Waiki ki Beach, Hawaii) 

3.4 Floodplain Cross Section s 

A fl oodplain cross secti on analys is can be conducted by specify ing grid elements in a cross 
ection in the FPXSEC. DAT fil e. The grid elements must be contiguous and in a straight line to 

constitute a cross section across a fl oodp lain or alluvial fa n. By designating one or more cross secti ons, 
the user can track fl oodwave attenuation across unconfined surfaces . Both the fl ood hydrograph and fl ow 
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hydraulics can be analyzed at cross ections. The average cross ecti on hydraulic as we ll as the 
individual grid element hydraulics in the cross section are summarized in cross secti on output tiles. 

3.5 Graphical User Interface 

A graphical user interface (GU I) fac ilitates the data input. The GUI creates the ASCII text fil es 
used by the FL0-2D model. Specific instructions fo r the GUI are presented in the Data Jnput Manual. 
The GUI is series offorms that represent the individual FL0-2D data fil es. Each form consists of data 
dialog boxes, radio switch buttons or grid entry tab les. After the data i entered in the GUI dialog boxes, 
the resulting ASCII text fil e can be viewed from the GUI or from any other ASCII edi to r such as MS 
WordPad . You can run the model or any of the proces or programs from the GUI. but the model doesn' t 
need the GUJ to run a simulation. 

3.6 Grid Developer System (GDS) 

The Grid Developer System (GDS) create and edit the FL0-2D grid system and data fil es and 
provides a platform fo r running the other pre- and post-proces or programs. The GDS is a pre-processor 
program that will overlay the grid system on the DTM points, interpolate and ass ign elevati ons to the grid 
elements. The GDS will then automatically prepare the bas ic input fil es fo r the FL0-2D model. Gee
referenced aerial photos, shape fil e im ages or maps can be imported as background images to support the 
graphical editing. 

Jn additi on to developing the FL0-2D grid system, the GDS also provide important editori al 
fea tures inc! uding the a signment of spatially variable grid element attributes such channels. levees, 
treets, infiltration, area and width reduction factors, fl oodplai n elevation and roughness, infl ow and 

outfl ow node and rill and gully geometry. It allows selection of individual elements or large groups of 
node using the mouse. Rainfa ll can also be spatially varied. Detailed instructi ons are presented in the 
GDS Manual. 

3.7 Graphical Output Options 

A graphical display of the fl ow depths can be viewed on the screen during a FL0-2D simulati on 
to visua li ze the progression of the fl oodwave over the potent ia l fl ow surface. In additi on to the predi cted 
fl ow depths, an inflow hydrograph will be plotted. For rainfa ll imulati on, the cumulati ve prec ipitation 
can also be plotted. The grid element results fo r fl oodplain, channel and street flow can be reviewed in a 
post-processor program MAXPLOT or flood contours can be generated in MAPPER. 

Graphical displays are prov ided in the HYDROG, PROF ILES and MAPPER post-processor 
programs. HYDROG will plot the hydrograph for every channel element. HYDROG can also be u ed to 
evaluate the average channel hydrauli cs in a given reach. The user can select the upstream and 
downstream channel elements and the program will compute the average of the hydrauli cs for all the 
channel elements in the reach including: ve locity, depth, di scharge, fl ow area, hydraulic radius, wetted 
perimeter, top width, width to depth ratio, energy slope, and bed shear stress. The PROFl LES program 
plots channel water surface and bed slopes. 

MAPPPER is the primary program for displ ay ing the FL0-2D results. It can create hi gh 
resoluti on color conto ur pl ots. Several map combinations can be created: grid element or DTM point 
plots, line contour maps and haded contour maps. Maps can be created for ground surface elevati ons, 
maximum water surface elevations, maximum fl oodplain fl ow depths, maximum velocities, maximum 
static and dynamic pressure, specifi c energy, and floodway delineation. One of the most important 
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features of MAPPER is its capabi I ity to create fl ood depth pl ots using the DTM topographic points. 
When the user acti vates the feature, MAPPER will subtract each DTM ground point elevati on from the 
grid element fl oodplain water surface elevation. The re ultant DTM point fl ow depths can then be 
interpolated and plotted a co lor contours. Some of the MAPPER fea tures include: 

• Multi ple geo-referenced aeri al photos in various graphic fo rmats can be impotted such as 
TIFF, BMP, JPG , etc. 

• Mul ti ple layer capabili ty including control of layer propett ies is ava ilab le. 

• Cut and view fl ow depth and topography profi les. 

• Fl ood damage a sessment component to compute the fl ood damage a function of the 
FL0-2D predi cted maximum depths, building shape fil es and building va lue ta bl es (dbf 
fil e). 

• Flood anim at ion. The fl oodwave progression over the grid ystem can be viewed. 

• Flood maximum depos ition and scour can be plotted. 

• Maximum fl ow velocity vectors can be viewed. 

• Hazard maps based on fl ood intensity and frequency can be created. 

• G I shape fi les (* .shp) are automatically created with any plotted results. This GIS shape 
fil es can be then be imported into Arc View or other Gl S programs. 

• FEMA Digital Fl ood Insurance Rate Map (DFJRM) optional too l. 

The MAPP ER features and functi ons are de cribed in its own manual. 

3.8 Data Output Options 

The FL0-2D model has a number of output fil es to help the user organize the results. Floodpl ain, 
channel and street hydraulics are written to fil e. Hydraulic data include water surface elevation fl ow 
depth and ve lociti es in the eight fl ow directions. Di scharge fo r specified output intervals (hydrographs) 
are written to variou fil es. A mass conservation summary tab le comparing the inflow, outflow and 
storage in the system is presented in the SUMMARY.O UT fil e. A complete de cription of all the output 
fil es are presented in the Data Input Manual. 
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IV. MODEL COMPONENTS 

4.1 Model Features 

The primary feature of the FL0-20 model are: 

• 
• 
• 

• 
• 

• 
• 
• 
• 
• 
• 

• 
• 

Floodwave attenuation can be analyzed with hydrograph routing . 

Overland flow on unconfined surfaces is modeled in eight direction 

Floodplain flow can be simulated over compl ex topography and roughnes including split flow, 
shallow fl ow and fl ow in multiple channel . 

Channel, treet and overland fl ow and the fl ow exchange between them can be imulated . 

Channel fl ow is routed with either a rectangular or trapezoidal geometry or natural cross section 
data. 

Streets are modeled a hallow rectangular channels . 

The fl ow regime can vary between subcritical and supercriti ca l. 

Flow over adverse slopes and backwater effect can be simulated . 

Rainfa ll , infi ltrati on lo ses and runoff on the alluvial fan or fl oodplain can be modeled . 

Vi scous mudflow can be simulated . 

The effects of fl ow obstructions such as bu ild ings, wall s and levees that limi t torage or modi fy 
fl ow paths can be modeled. 

The outfl ow from bridge and culverts is estimated by user defined rating curves . 

The number of grid and channel elements and most array component i unlimited . 

Data fil e preparati on and computer run time va1y accord ing to the number and ize of the grid 
element , the inflow discharge flux and the duration of the inflow fl ood hydrograph being simulated. 
Most flood si mulations can be accurately perfo rmed with square grid elements ranging from I 00 ft (30m) 
to 500 ft ( 150 m). Projects have been unde1taken with grid elements as mall as I 0 ft (3 m), although 
models with grid element thi mall tend to be slow. It i impo1tant to balance the project detail and the 
number of model components applied with the mapping resolution and anticipated level of accuracy in 
the result . It i often more va luable from a project perspecti ve to have a model that runs quickly 
enabling many simulation scenarios to be performed from whi ch the user can learn about how the project 
responds to fl ooding. Model component selection should focus on those phys ica l feat ures that will 
significantly effect the volume di stributi on and area of inundation. A bri ef descripti on of the FL0-20 
component follows. 

4.2 Overland Flow 

The simple t FL0-20 model is overland fl ow on an alluvial fa n or floodplain. The floodpl ain 
element attributes can be modifi ed to add detail to the predi cted area of inundation. The surface storage 
area or flow path on grid elements can be adjusted fo r buildings or other obstructions. Using the area 
reduction factors (ARFs), a grid element can be completely removed from receiving any infl ow. Any of 
the eight fl ow directions can be partially or completely blocked to represent fl ow obstructi on. The area of 
inundation can also be affected by levees, channel breakout flow , flow constriction at bridges and 
cul verts, or street fl ow in urban areas. Rainfa ll and infiltration losses can add or ubtract from the flow 
vo lume on the fl oodplain urface. These overland fl ow components are hown in a computati onal fl o\ 
chart in Figure 7 . 
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Overland flow ve locities and depths vary with topography and the grid element roughness. 
Spatial variation in floodp lain roughness can be ass igned through the GOS or FLOENYIR processor. 
The ass ignment of overland flow roughness must account for vegetat ion, surface irregul ari ty , non
uniform and unsteady flow. It is also a fu nction of flow depth. Typica l roughness values (Manni ng's n 
coefficients) for overland flow are shown in Table I. 

Table 1. Overland Flow Manning's n Roughness Va lues' 

Surface n-value 

Dense turf 0. 17 -0.80 

Bermuda and dense grass, dense vegetation 0. 17- 0.48 

Shrubs and forest litter, pasture 0.30 - 0.40 

Average grass cover 0.20-0.40 

Poor grass cover on rough surface 0.20- 0.30 

Short prai rie g rass 0. 10-0.20 

Sparse vegetation 0.05-0.13 

parse rangeland with debri s 
Oo/ocover 0.09-0.34 
20 % cover 0.05-0.25 

Plowed or tilled fields 
Fallow- no residue 0.008 - 0.0 12 
Con entional till age 0.06-0.22 
Chisel plow 0.06-0. 16 
Fall disking 0.30-0.50 

o till - no residue 0.04-0.10 
o till (20- 40% res idue cover) 0.07- 0. 17 

No till (60- I 00% residue cover) 0.17- 0.47 

Open grou nd with debris 0.10 - 0.20 

Shallow glow on asphalt or concrete (0.25" to 1.0") 0. 10-0.15 

Fall ow fields 0.08-0. 12 

Open ground, no debris 0.04-0.10 

Asphalt or concrete 0.02 - 0.05 
1 Adapted from COE, HEC-1 Manual, 1990 and the COE. Technica l Engineeri ng and Design Guide. No. 
19, 1997 with modifications. 

Some FL0-20 projects have been model grid elements inside of the channel. In this case, the 
channel com ponent is not used and instead the FL0-20 grid system is draped over the channel po1tion of 
the topography. While these projects have been conducted with some success, there are several modeling 
concerns that should be add ressed . The FL0-20 model was developed to be ab le to exchange 1-D 
channel overbank discharge with the floodplain grid elements. For this reason, the model work we ll on 
large flood events and large grid elements. When small grid elements are used in ide of a channel with 
confined flow and large discharges and flow depths, the model may run slow. In addition, there wi ll be 
zero water surface slope between some grid elements. lt should be noted that the application of the 
Manning's equation fo r uni fo rm channel to compute the friction slope is no longer va lid as the ve locity 
approaches ze ro (ponded flow condition). The resulting water surface elevations can be accurately 
predicted but will display some small vari ation across the channel. 
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For overland flow, the pecific energy, impact pressure and static pre sure are computed and 
reported to file on an output interval basis. The pecific energy is computed by adding the flow depth 
velocity head (Y2/2g) to the flow depth. The maximum specific energy is reported to the file 
SPECENERGY.OUT by grid element. You can use MAPP ER to plot the specific energy contours. 

The impact pressure P; for a floodpl ain grid element is reported as a force per unit length (impact 
pressure x flow depth). The user can then multiply the impact pres ure by the structure length within the 
grid element to get a maximum impact force on the structure. Impact force i a function of fluid density, 
structure materials, angle of impact. and a number of other variables. To conservatively e timate the 
impact pressure, the eq uation for water taken from Deng (1996): 

P; = k Pr Y2 

where P; is the impact pre sure, coefficient k is 1.28 for both both Eng! i h and S I units, Pr = water density 
and Vis the maximum velocity regardless of direction . For hyperconcentrated sediment flows such as 
mud flood and mudflow , the fluid density Pr and coefficient k is a function of ediment concentration 
by volume. The coefficient k is based on a regressed relationship as a function of ediment concentration 
from the data presented in Deng ( 1996). This relation hip is given by, 

k = 1.261 ec" 

where Cw =sediment concentration by weight. The impact pressure is reported in the file 
IMPACT.OUT. 

The static pre ure P, for each grid element is also expressed as a force per unit length. It is given by the 
maximum flow depth to the center of gravity h times the specific weight of the fluid . The static pressure 
is then multiplied by the flow depth to compute the static force per unit length of tructure (assumes 
surface area A = I x d). The maximum static pre ure i written to the STATlCPRE .OUT file. 

P, = y 11 
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Figure 7. Overland Flow Routing Subroutine Flow Chart 
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4.3 Channel Flow 

Flow in channels is simulated a one-dimensionall y. Average flow hydraulics of velocity and 
depth define the discharge between channel grid elements. Secondary currents, disper ion and 
superelevati on in channel bends are not modeled with the 1-D channel component. The governing 
equations of continui ty and momentum were pre ent in Section 2. 1. The average fl ow path length 
between two channel elements is on the order of the length of the grid e lement and thi s precludes the 
simulation of hydraulic jumps over a short di stance. The fl ow tran ition between subcritical and 
supercritica l fl ow is based on the average conditi ons between two channel elements. 

Ri ver channel fl ow is simulated with either rectangul ar or trapezoidal or surveyed cross sections 
and is routed with the dynamic wave approximation to the momentum equati on. The channels are 
represented in the CHAN.DAT by a grid element, cross section geometry that defi nes the relationship 
between the thalweg elevation and the bank elevations, average cross secti on roughness, and the length of 
channel wi thin the grid element. Channel slope is computed as the di fference between the channel 
element thalweg elevation di vided by the half the sum of the channel lengths within the channel elements. 
Channel elements must be contiguous to be able to share di scharge. 

The channel width can be larger than the grid el ement and may encompass several elements 
(F igure 9). Jf the channel width is greater than the grid element width , the model extend the channel into 
neighboring grid elements. A channel may be I 000 ft (300m) wide and the grid element only 300ft (1 00 
m) square. The model also makes sure that there is suffi cient fl oodplain surface area after extension. The 
channel interacts with the right and left bank fl oodpl ain elements to share discharge. Each bank can have 
a unique elevation. If the two bank elevati ons are different in the CHA N. DAT fil e, the model 
automatica lly splits the channel into two elements even if the channel would fit into one grid element. 

Channel Extension 

I Flow Direction 

Figure 9. Channel Extension over Several Grid Elements 

There are two options for establishing the bank elevation in relationship to the channel bed 
elevati on (thalweg) and the fl oodplain elevation in the CHA N. OAT fil e: 

I. The channel grid element bed elevation is determined by subtracting the ass igned channel thalweg 
depth from the fl ood plain elevation. 

2. A bank elevation is ass igned in the CHAN.DAT fil e and the channel bed elevati on is computed by 
subtracting the thalweg depth from the lowest bank elevati on. 

When using cross section data for the channel geometry, option 2 should be applied. 
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In ri ver sim ulations, the important components include channel routing, the channel-fl oodplain 
interaction, hydraulic tructures and levees. These components are described in more detail in the 
following sections. The bas ic procedure fo r creating a FL0-20 ri ver simu lati on is as fo ll ows: 

Select Channel Cros Sections. Surveyed river cross sections should be spaced to represent a 
uni fo rm ri ver reach that may encompass a number of channel elements say 5 to 10 elements. Gee
referenced surveyed cross section station and elevation data can be entered directly into the model data 
fil es or the data can be defined by etting the highest bank to an arbitrary elevati on. For channel design 
purposes, a rectangular or trapezo idal cross section may be selected. To use surveyed cross secti on data, 
an X SEC. DA T fi le has to be created with all cross section stat ion and elevati on data. The cross sections 
are then ass igned to a channel element in the CHAN.DAT. The re lation hip between the fl ow depth and 
channel geometry (flow area and wetted perimeter) is based on an interpolation of depth and fl ow area 
between verti ca l slices that constitute a channel geometry rating table fo r each cross secti on. 

Locate the Channel Element with Re pect to the Grid System. Using the GDS and an aeri al 
photo, the channels can be ass igned to a grid element. For channel fl ow to occur through a reach of river, 
the channel elements must be neighbors. 

Adj ust the Channel Bed Slope and lnte1polate the Cross Sections. Each channel element is 
ass igned a cross section in the CHA .DAT fi le. Typica lly, there are only a few cross sections and many 
channel elements, so each cross section will be ass igned to several channel elements. When the cross 
ecti ons have all been ass igned the channel profil e looks like a sta ir case because the channel elements 

with the same cross section have identica l bed elevati ons. The channel slope and cross section shape can 
then be interpolated by using a command in the G D or in the PROF! LES program that adjusts and 
ass igns a cross section with a linear bed slope for each channel element. The interpolated eros ection is 
a weighted flow area adjustment of the cross section to achieve a more uniform rate of change in the fl ow 
area. 

The user has several other opti ons for setting up the channel data fil e including grouping the 
channel elements into segments, specify ing initial fl ow depths, id entify ing contiguous channel elements 
that do not share discharge, ass igning limi ting Froude number and depth var iable n-value adjustments. 

IMPORTANT N OTE: M anning 's equation is an empirical f ormula that was developed 0 11 the basis of 
laborat01y ami field measurement on steady, uniform, fully developed turbulent flow. Its application, 
however has become un.iversal f or all flow conditions. In a FL0-2D flood simulation the flow is 
neither steady n or uniform. Ch annel backwater and ponded flow conditions are two instances when 
M anning 's equation may not be appropriate. The flo w resistance should be represented by a 
composite n-value that includes adjustments to the basic 11 value f or bed irregularities, obstructions, 
vegetation, variation in channel geom.ehy, channel expansion and contraction, potential rapidly 
vmy in.g flow and variable river plan.form. Poor selection of n-values or failu re to provide spatial 
variation in roughness can result in numerical surging. Avoid using n-values f or natural channels 
that represent prismatic channel flow. 

4.4 Channel-Floodplain Inte1·face 

Channel fl ow is exchanged with the floodpl ain grid elements in a separate routine after the 
channel, street and fl oodpl ain fl ow subroutines have been completed. When the channel conveyance 
capacity is exceeded, an overbank discharge is computed . If the channel fl ow is less than bankfull 
discharge and there is no fl ow on the fl oodpl ain, then the channel-fl oodp lain interface routine is not 
accessed. The channel-floodp lain fl ow exchange i limi ted by the availabl e exchange volume in the 
channel or by the avai lable storage volume on the fl oodplain. The interface routine is internal to the 
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model and there are no data requirements for its application. This subroutine also computes the flow 
exchange between the treet and the floodplain. 

The channel-floodp lain exchange is computed for each channel bank element and is based on the 
potential water surface elevation difference between the channel and the floodplain grid element 
containing either channel bank (F igure 2). The computed ve locity of either the outflow from the channel 
or the return flow to the channel is computed u ing the diffusive wave momentum equation. It is a sumed 
that the overbank flow velocity is relatively smal l and thus the acceleration terms are negligible. The 
channel bank elevation is estab lished by the surveyed channel geometry and the channel water surface 
and floodplain water surface is known in relationship to the channel top of bank. For return flow to the 
channel, if the channel water surface is less than the bank elevation, the bank elevation is u ed to compute 
the return flow velocity. Overbank discharge or return flow to the channel is computed using the 
floodplain ass igned roughness. The overland flow can enter a previously dry channel. 

4.5 Limiting Froude Numbers 

The Froude number represents several physical implications; it delineates subcritical and 
supercriti cal flow, it is the ratio of average flow velocity to shallow wave celerity and it relates the 
movement of a translational wave to the stream flow. Ji a ( 1990) suggested that the trend tov ards the 
minimum Froude number is a mechanism that controls the channel adj ustment. An alluvia l channel 
system tends to lower its potenti al energy and atta in higher stability as it evolves. This indicates that the 
greater the bed material movement. the lower the channel stabi li ty. Jt fo llows therefore that a channel 
with low bed material movement and high stabili ty wi ll also have minimum hydraulic values. As alluvial 
channels approach equi librium conditions, the Froude number wi ll seek a minimum va lue to reflect 
minimum bed material motion and maximum channel stability. Si nce the Froude number identifies a 
hydrau lic state, the most stable condition for sand-bed channel eq uili brium may be directly related to a 
minimum Froude number(J ia, 1990). 

Estab lishing a lim iti ng Froude number in a flood routing model can help sustain the numerical 
stabili ty. In alluvial channels, the practical range of Froude numbers at bankfull discharge is 0.4 to 0.6. 
Overland flow on steep alluvia l fans can approach cri ti ca l flow (a Froude number of 1.0). In general, 
supercrit ical flow on alluvia l fans is suppressed by high rate of sediment transport. High velocities and 
shallow depths on alluvial surfaces wi ll dissipate energy with sediment entrai nment. Supercritical flow is 
more prevalent on hard surfaces such as bedrock. Jia ( 1990) provides a relationship to estimate a 
minimum Froude number (Fr111 ;11 ) for stable alluvial channels at equil ibrium : 

Fr(min) = 4.49 d-0.186 (VS)0.377 

where d =representative sed iment size, V =velocity and S =bed slope. 

When a limiting Froude is assigned for either floodplain flow (FROUD L in CONT. DAT), treet 
flow (STRFNO in STREET. OAT) or channel flow (F ROUDC in CHAN. DAT), the model computes the 
grid element flow direction Froude number for each timestep. If the limiting Froude number is exceeded, 
the Manning's n-value for hydraulic flow res istance is increased according to the following criteri a. 

Percent change 
from the original n-value 

< 0.20 
0.20 < % < 0.50 
0.50 < % < I .00 
1.00 < % < 2.00 

n-value increment increase 
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On the rece sional limb, when the limiting Froude number is not exceeded then-value is decreased by 
0.000 ! . This increa e in flow resistance mimics increasing energy loss as the flow accelerates. When the limiting 
Froude is exceeded, the changes in then-value are repotted in the ROUGH.OUT file. When the si mulation i 
finished the maximum n-values in the ROUGH.OUT file are written to FPLAIN.RGH, CHA .RGH or 
STREET.RGH depending on the component utili zed. After reviewing the maximum n-value changes in 
ROUGH.OUTand making any nece sarychange in the *.RGH fi les, these files can be renamed to *.DATforthe 
next simulati on. In thi manner. you are spatially cal ibrating the channel, street and floodplain roughness to a 
reasonable Froude number. 

There is a unique relationship that exi t between lope, flow area and roughne s. If fact , the 
Froude number (Fr) is related to the flow re i tance K and the energy slopeS as given by: 

Fr = (KS)05 

lfthere is a mi match between these physical variabl e in a flood routing modeL then hi gh velocities can 
occur that may result in flow surging. A igning a limiting Froude number has several practical 
advantages. First, it help to maintain the average flow velocity within a rea onable range. econd ly. a 
review ofthe increa ed n-values in ROUGH.OUT will identify any trouble spot where the ve locity 
exceeds a reasonable va lue. In thi case, the roughness value i increased to offset an inappropriate flow 
area and slope relation hip. When the adj usted n-value in CHA .RGH and FPLAI .RGH are used for 
the next sim ulation. the effect of the mismatched variab les is reduced and numerical surging is dampened . 
In addition, the increased n-values can prevent over teepening of the fro ntal wave. A i the case for any 

routing model , the best e timate of parameter are not on ly dependant on the calibration method, but al o 
are governed by the uniqueness and stabili ty of the optimization process . The final n-value used in a 
simulation should be carefully rev iewed for reasonablenes . The limiting Froude number can be set to 
"0" fo r the final simulation to avo id any add itional adju tment in then-values. 

4.6 Levees 

The FL0-20 levee component confines flow on the floodplain surface by blocking one of the 
eight flow directions. Levees are designated at the grid element boundaries (Figure 9). If a levee runs 
through the center of a grid element. the model levee po ition is represented by one or more of the eight 
grid element boundarie . Levees often fo llow the boundarie along a series of consecutive elements. A 
levee crest elevation can be ass igned for each of the eight flow directions in a given grid element. The 
model wi ll predict levee ovettopping. When the flow depth exceeds the levee height, the discharge over 
the levee i computed using the broadcrested weir flow eq uati on with a 2.85 coefficient. Weir flow 
occurs until the tailwater depth i 85% of the headwater depth and then at higher flow , the water is 
exchanged across the levees using the difference in water surface elevation. Levee overtopping wi ll not 
cau e levee failure unless the fai lure or breach option is invoked . 
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are depicted in Red and the Ri ver in Blue in the GD Program 

The levee output fi le include LEVEE.OUT, LEVOVERTOP.OUT and L VEEDEF IC.OUT. 
LEVEE.OUT contains the levee elements that failed. Fai lure width, failure elevation, discharge from the 
levee breach and the time of failure occurrence are listed. A discharge hydrograph overtopping the levee 
element is reported in LEVOVERTOP.OUT. The di charge is combined for all the levee directions that 
are being overtopped. Finally the LEVEEDIFIC.OUT file list the levee elements with los of freeboard 
during the flood event. Five le els of freeboard deficit are repOiied: 

0 = freeboard > 3 ft (0.9 m) 

I = 2ft (0.6 m) < freeboard < 3 ft (0.9 m) 

2 = 1 ft (0.3 m) < freeboard < 2 ft (0.6 m) 

3 = freeboard < 1 ft (0.3 m) 

4 = levee is overtopped by flow . 

The levee deficit can be displayed graphically in both MAXPLOT and MAPPER . 
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LEVEE OVERTOPPED ... 
0 < FREEBOARD < 1 ... 
1 < FREEBOARD < 2 
2 < FREEBOARD < 3 

FREEBOARD > 3 

Figure I 0. Levee Freeboard Defi cit Plot in Mapper 

4.7 Levee and Da m Breach Failures 

FL0-20 can simulate levee and dam breach fa ilure (F igures 11 and 12). There are t\.vo fa ilure 
modes; one is a simple uni fo rm rate of breach expansion and the other predi cts the breach erosion. For 
both cases, the breach time tep is controlled by the fl ood routing model. FL0-2 0 computes the discharge 
through the breach, the change in upstream storage, the tai I water and backwater effects, and the 
downstream fl ood routing. Each fa ilure option generates a eries of output fil es to ass ist the user in 
analyzing the response to the dam or levee breach . The model reports of the time of breach or 
overtopping, the breach hydrograph. peak di charge through the breach, and breach parameters as a 
function of time. Add itional output fi les that defi ne the breach haza rd include the time-to-flow-depth 
output fil es that report the time to the maximum fl ow depth, the time to one foot fl ow depth and time to 
two foot fl ow depth which are useful for delineating evacuati on routes . 

.... 
&0 

Figure I I. Example of Levee Breach Urban Flooding 
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Figure 12. Exampl e of a Proposed Domestic Water Supply Reservoi r Breach Failure 

For the simplified levee fai lure method, the breach can enlarge vertica ll y or hori zonta ll y. Rates 
of breach expansion in feet or meters per hour can be specified for both the horizontal and verti ca l failure 
modes. A final levee base elevation that is higher than the floodpla in elevat ion can also be specified . The 
levee failure can occur for the entire grid element wi dth for a given flow direction. Discharge through the 
breach is based on the breach width and the difference in water surface elevations on the two sides of the 
levee. Levee fai lure can also be initiated by a prescribed specified water surface elevation for a given 
duration. The fl ow through the breach or overtop the levee is computed as broadcrested wei r flow using a 
weir coefficient of2.85. 

Tbe breach erosion component wa added to the FL0-2D model to combine the river-floodpl ain 
exchange and unconfined flooding components with a rea listic assessment of a levee or dam fa ilure. The 
BREACH model by Fread ( 1988) was the bas is for the breach com ponent. The BREACH model code 
was obtained from the National Weather Service and extensively revised. There were a number of code 
errors in the original Breach model that were corrected. 

The basic mechanisms of dam or levee breach failure are overtopping, piping and slope tability 
fai lure by sliding, slumping or co llapse. ln FL0-2D, a dam or levee breach can fail as follows: 

• Ovettopping and development of a breach channel; 

• Piping fa ilure; 

• Piping fa ilure and roof co ll apse and development of a breach channel; 

• Breach channel enlargement through side slope slumping; 

• Breach enlargement by wedge collapse . 
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The user has the option to specify the breach element and breach elevation or to a sign global 
parameters and the model will determine which grid element is breached. During a fl ood simulation. 
water ponds against the levee or dam until the water surface elevation is higher than the tructures and 
ove1tops it or exceeds a pre cribed elevation for the breach. The global breach elevati on can be pecified 
as a depth below the ere t elevation. When the water elevation exceeds the breach elevation for a given 
durat ion, piping is in itiated. If the pipe roof collapse, then the discharge is computed through the 
re ultant breach channel. A breach channel is al o simulated if the levee is overtopped. A description of 
the breach enlargement routine fo llows. 

If the user pecifies a breach elevati on, then piping wi ll be initiated first when the upstream water 
urface exceeds the pi pe bottom elevation. The breach di charge is computed as weir flO\ with a user 

specifi ed weir coefficient. The discharge is then u ed to compute ve locity and depth in a rectangul ar pipe 
channel. With the channel hydrauli cs and dam or levee embankment material parameters, sediment 
tran port capacity is computed u ing a modified Meyer-Peter Mueller bedload equation (Fread, 1988). 
The edim ent di scharge is assumed to erode uniformly from the wall s, bed and rood of the pipe (Fi gure 
13). When the pipe height is larger than the materi al remaining in the embankment of above, the roof of 
the pipe co llapses and breach channel flow ensues. The channel di scharge is also calculated by the weir 
equation and imilar to the pipe fa ilure the eroded ediment is distributed on the wa ll and bed of the 
rectangu lar channel ( ee Figure 14). As the channel width and depth increases, the lope stabili ty is 
checked and if the tab ili ty cri teri a is exceeded, the ides of the channel slum p and the rectangular breach 
transitions to a trapezo idal channel. The breach continue to wide until the top width of the channel 
equal or exceeds the octagon width of the grid element. At thi s point the breach is assumed to be ta ble . 

Pipe Breach Failure 

Pipe Expansion 

Specify Pipe Elevation ZD 

} 
zu 

1 r -

---- ...---_ ~ ----- .... 

Pipe Collapses into a Channel 

Figure 13 . Pipe Breach Failure 

Breach enlargement is also poss ible by sudden co llapse of the upper portion of the dam. The 
coll apse would consist of a wedge shaped mass of embankment material. Thi coll apse is caused by the 
water pre sure on the upstream side of the wedge exceeding the fricti on forces of hear and cohes ion that 
res ist sliding. When the breach collapse occur it i a sumed that the breach enlargement ceases until all 
the wedge material is h·ansported downstream. A flow chart of the bas ic computation cheme fo r the 
breach component i hown in Figure 15 . 
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Overtopping Breach Failure 

Weir Control 

---
Figure 14. Overtopping and Channel Breach Ero ion 

Water routed through the breach is accounted by the volume con ervation routines in the 
FL0-2D model that tracks the storage along with the di charge in and out of every grid element according 
to the FL0-20 timesteps. The e timesteps are igniftcantly smaller (5 to 10 time smaller) than the 
timesteps used in the original BREACH model. The breach component also asse ses the sed iment 
vo lume conservation and the water discharge through the breach i bulked by the sediment eroded during 
the breach fa ilure. Routing water thru the breach continue until the water surface elevation no longer 
exceeds the bottom breach elevations or until all the ponded water is gone. 

One of the rea ons for electing the BREACH model i that the program had sufficient 
geotechn ical detail to mathematical represent the phy ical process of dam breach fa ilure. Refer to Fread 
(1988) for a presentation of the equations and more di cus ion ofthe breach theory. The breach model 
includes the fo ll owing feature : 

• The embankment can have an imperviou core and a non-cohesive shell with different materials; 

• Embankment material properties include sediment size, specifi c weight, cohesive strength, 
internal fri ction angle, porosity and Manning' s n-value; 

• Breach channel initiation through piping fa ilure; 

• En largement of the breach through udden structural collapse or slope in tability ; 

• Riprap material or grass on the down tream face; 

• Sediment transport for different size sediment in the embankment core or hell. 

There are several important a umptions have been hardwired into the breach model. These are: 

• Initial breach width to depth ratio (BRATIO) - if the ass igned breach width to depth ration is 0. , 
then BRA TIO = 2. 

• The initial piping width is assumed to be 0.5 ft (0.15 m). 

• The minimum and maximum Manning's n-values permitted for the breach flow re istance are 
0.02 and 0.25 , respectively . 

• The downstream pipe outlet at the toe of the dam or levee is the grid element floodp lain elevation 
plus I ft (0 .3 m). 
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• Breach di charge is computed if the upstream water surface elevation exceeds the up tream 
breach pipe or channel bottom elevation plus the tolerance va lue (TOL - 0.1 ft or 0.3 m). 

• If the specified initial breach elevati on in the BREA HDATA.DAT tile i le s than I 0.0 ft (3.0 
m), then the initial piping breach elevation is as umed to be the dam or levee crest elevation 
minus the assigned breach elevat ion (Initi al Breach Elevation= Levee Crest - BRBOTTOMEL) . 
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FL0-20 Breach Component 

FL0-20 completes a flood 
routing timestep and stability 
criteria have been examined . 

FL0-20 begins the updating 
process for the flow depths 
and volumes. 

If ILEVFAIL = 2 and global failure 
parameters assigned in 
BREACHDATA.DAT, the BREACH 
component is activated . 

Is the grid element water 
surface higher than the 
breach elevation or levee? 

Yes 

Enter BREACH component 
and populate breach element 
flow variables data . 

The data files are prepared including the 
BREACHDATA.DAT file and the FL0-20 
model is initiated. 

Compute breach discharge 
and sediment erosion . 
Distribute sediment to breach 
and continue simulation. 

Has the pipe 
expanded to a 
breach channel? 

Yes 

Is the breach channel 
enlargement complete? 

Check for wedge 
collapse? 

Yes 

No 
Continue with breach 
simulation with breach 
enlargement until all collapsed 
wedae material is eroded . 

Figure 15. Breach chematic Flow Chart 
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4.8 Hydraulic Structures 

Hydraulic structures are imulated by pecifying either di charge rating curves or rating tab les. 
Hyd rau lic structures can include bridges, cu lverts, wei rs, pillways or any hydrau lic facility that controls 
conveyance and whose discharge can be specifY ing by a rating curve or table . Backwater effects 
up tream of bridges or culverts as well as blockage of a cul ver1 or over1opping of a bridge can be 
imulated. A hydraulic structure can control the di charge between channel or floodplain grid elements 

that do not have to be contiguou but may be eparated by everal grid elements. For example. a cu lvert 
under an inter tate highway may pan several grid elements. 

A hydraulic structure rating curve eq uati on specifie discharge as a function of the headwater 
depth h: 

where: (a) is a regres ion coefficient and (b) is a regression exponent. More than one power regression 
relationship may be u ed for a hydraulic tructure by specifying the maximum depth for which the 
relationship i va lid . For example, one depth relationship can represent cul vert inlet control and a second 
relationsh ip can be u ed for the outlet contro l. In the case of bridge flow, blockage can simulated with a 
econd regression that ha a zero coefficient for the height of the bridge low chord. 

By specifying a hydraulic tructure rating table, the model interpolates between the depth and 
discharge increments to calcu late the discharge. A typica l rating curve wi ll start with zero depth and zero 
discharge and increa e in non-uniform increments to the maximum expected di charge. The rating table 
may be more accurate than the regression relationship if the regression is nonlinear on a log- log plot of 
the depth and di charge. Flow blockage by debri can be simulated by setting the discharge eq ual to zero 
corresponding to a prescribed depth. This blockage option may useful in simu lati ng worst ca e mud and 
debri flow cenarios where bridges or culvert are located on alluvial fans. Each bridge on an al luvial 
fan channel can have sim ulated blockage forcing all the di charge to flow overland on the fan surface. 

4.9 Street Flow 

Street flow is simu lated as flow in hallow rectangular channels with a curb height using the same 
routi ng algorithm a channel . The flow direction, street width and roughness are pecified for each street 
ecti on within the grid elem ent. Street and overland flow exchanges are computed in the channel

floodpl ai n flow exchange subroutine. When the curb height is exceeded, the discharge to floodpl ain 
portion of the grid element i computed. Return flow to the streets is also simulated. 

Streets are assumed to emanate from the center of the grid element to the element boundary in the 
eight flow directions (Figure 16). For example, an east-west street aero s a grid element would be 
a igned two street ection . Each section has a length of one-half the gr id element ide or diagonal. A 
given grid element may conta in one or more street and the streets may intersect. treet roughness 
va lues, street widths, elevat ion and curb heights can be modified on a grid element or street section ba i 
in the GDS program . 
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Figure 16. treets Depicted in Green in the FLOE VIR Program. 

4.10 Floodplain Surface Storage Area Modification and Flow Obstruction 

One of the unique features the FL0-20 model is its ability to simulate flow prob lems associated 
with flow obstructions or lo s of flood storage. Area reduction factors (AR.Fs) and width reduction 
factors (WRFs) are coefficients that modify the individual grid element surface area torage and flow 
width. ARFs can be used to reduce the flood volume torage on grid elements due to building or 
topography. WRFs can be assigned to any of the eight flow directions in a grid element and can partiall y 
or completely obstruct flow paths in all eight direction simulating floodwall s, buildings or berm . 

These factors can greatly enhance the detail of the flood imulation through an urban area. Area 
reduction factors are pecified as a percentage of the total grid element urface area (les than or equal to 
1.0). Width reduction factor are specified as a percentage of the grid element side (le than or equal to 
1.0). For example, a wall might obstruct 40% of the flow width of a grid element ide and a building 
cou ld cover 75% of the a me grid element (Figure 17). 

It is usually sufficient to estimate the area or width reduction on a map by vi ual inspection 
without measurement. Visua lizing the area or width reduction can be facilitated by plotting the grid 
system over the digitized maps or importing an image in the GDS to locate the buildings and obstructions 
with respect to the grid system. As a guideline, the area or width reduction factor hould be estimated 
within I 0% to 20%. It should be noted that only four width reduction factors need to be specified for the 
eight possible flow direction . The other four flow directions are assigned automatically by grid element 
correlation. Two of the pecified width reduction factors are for flow across the diagonal . It is possible 
to specify individual grid elements that are totally blocked from receiving any flow in the AR.F.DAT file . 
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Figure 17. Area and Width Reduction Factors 

4.11 Rainfall and Runoff 

Rainfa ll and runoff can be routed to the channe l system and then the ri ver flood hydraulics can be 
computed in the same flood simulation. Either the watershed hydrology or the river hydraulics can be 
modeled separate ly with FL0-20. Alluvial fan or floodp lain rainfa ll can make a substant ial contribution 
to the flood vo lume and peak discharge. Some fan or floodplain surface areas are similar in size as their 
upstream watershed areas. In these cases exces rainfall on the fan or fl oodplain may be equ ivalent to the 
volume of inflow hydrograph from the watershed. The rainfall and runoff on the fan or floodplain may 
precede or lag the arrival of the floodwave from the upstream watershed. It would also dilute the 
mudflows from the upstream basin. 

The storm rainfall is discretized as a cumulative percent of the total. This discretization of the 
torm byetograph is establ ished through local rainfall data or through regional drainage criteria that 

defines storm duration, intens ity and distribution. Often in a FL0-20 simulation the first upstream flood 
inflow hydrograph timestep corresponds to the first rainfa ll incremental timestep. By altering the storm 
time distribution on the fan or floodplain the rainfall can Jag or precede the rainfall in the upstream basin 
depending on the direction of the storm movement over the basin. The storm can also have more or les 
total rainfa ll than that occurring in the upstream basin. 

There are a number of options to simu late variab le rainfall including a moving storm, spatially 
variab le depth area reduction assignment, or even a grid based rain gage data from an actual torm event. 
Storms can be vari ed spatiall y over the grid system with areas of intense or light rainfall. Storms can also 
move over the grid system by ass igning storm speed and direction. A ra infa ll distribution can be selected 
from a number of predefined di stributio ns. 

Historical storms can be a signed on a grid element basis using real rainfall data. If calibrated 
Next-Generation Radar (NEXRA O) data is avai lab le, the rainfall on the NEXRAO pixel for a given time 
interval can be automati ca ll y interpolated to the FL0-20 grid system using the GOS. Each grid element 
wi ll be assigned a rainfall total fo r the NEX RAO time interval and the ra in fa ll is then interpolated by the 
model fo r each computat ional timestep. The result is spatia ll y and tempora ll y variab le ra infall-runoff 
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from the grid y tem . A example of the application of EXRAD rainfall on an alluvia l fan and 
watershed near Tucson. Arizona is shown in Figure 18. You can accompli h the ame result with gridded 
network data from a ystem ofrai n gages. After the G OS interpolation, each FL0-20 grid element wi II 
have a rainfa ll hyetograph to repre ent the storm. This is the ultimate temporal and patial discretization 
of a storm event and the flood replication has proven to be very accurate . 

Figure 18 . Flooding Replicated from EXRAD Data near Tucson, Arizona 

4.12 Infiltration and Abstraction 

Precip itation lo es, abstraction (interception) and infiltrat ion are imu lated in the FL0-20 
model. The initial abstraction is tilled pr ior to simulating infiltration and typical initial abstraction values 
are presented in Table 2. Infiltration is simulated using either the Green-Ampt infiltration model or the 

CS curve number method. The infiltration parameter can be ass igned global or the patial variation of 
infiltration over the grid y tem can be modeled by a signing unique hydraulic conductivity and soil 
uction values to each grid element with the GO . o infiltration is calculated for assigned streets, 

buildings or imperviou surfaces in the grid element . Channel infiltration can be also be imulated. 
Although channel bank seepage is usually only minor portion of the total infiltration losses in the system, 
it can affect the flood wave progression in an ephemeral channel. The surface area of a natural channel is 
u ed to approximate the wetted perimeter to compute the infiltration volume. 

The Green-Ampt (1911) equation was selected to compute infiltration lo es in the FL0-20 
model because it is sen itive to rainfall intensity. When the rainfall exceeds the potential infiltration, then 
runoff is generated. The infiltration continues after the rainfall has ceased until all the available water has 
run off or has been infiltrated. The Green-Ampt equation is based on the following a sumptions: 

• Air di splacement from the soi l has a negligi ble effect on the infiltration process· 
• Infiltration is a vertical proces represented by a di tinct piston wetting front; 
• oil compaction due to raindrop impact is insignificant; 
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• Hy tere i effect of the saturation and de aturation process are neglected ; 

• Flow depth has limited effect on the infiltration processes. 

Table 2. Initial Abstraction 
Surface Cover Ab traction ( inches) 

Natural 
Desert and rangeland 0.35 
Hillslopes Sonoran desert 0.15 
Mountain with vegetation 0.25 

Developed - Residential 
Lawns 0.20 
Desert landscape 0.10 
Pavement 0.05 

Agricultural fields and pasture 0.50 

Conifers' 0.01 - 0.36 
Hardwoods' 0.001 - 0.08 
Shrubs' 0.01 - 0.08 
Grass' 0.04-0.06 
Forest floor 0.02- 0.44 

1 Maricopa County Drainage Design Manual , 1992. 
2W. T. Fullerton. Masters Thesis, CSU, 1983 

A derivation of the G reen-Ampt infi l tration modeling procedure can be found in Fu l lerton (1983). 
To util ize the Green-Ampt model, hy draul ic conductivity , soi l uction, vo lumetri c moisture deficiency 

and the percent imperv iou area must be specified. Typical hy draulic conducti v ity , poros ity and soil 
suction parameters are pre ented in Tables 3 and 4. The vo lumetric moisture deficiency i eva luated as 

the di fference bet\.veen the in iti al and final so il aturation conditions (See Table 5). Depress ion storage i 
an initial loss from the potential urface fl ow (TOL value in TOLER.DA T). Thi s is the amount of water 

stored in small surface de pre ions that doe not become part of the overl and runoff or infi ltration. 

Table 3. Green Ampt Infiltration - Hydraulic Conductivity and Porosity 

C ia sificati on ( in/hr)
1 ( in/hr)- ( in/hr)5 

Poros it/ 

sand and loamy sand 1.20 1.21-4.14 2.41 - 8.27 0.437 
sandy loam 0.40 0.51 1.02 0.437 
loam 0.25 0.26 0.52 0.463 
silty loam 0.15 0.14 0.27 0.501 
silt 0.10 
sandy clay loam 0.06 0.09 0.17 0.398 
clay loam 0.04 0.05 0.09 0.464 
silty clay loam 0.04 0.03 0.06 0.471 
sandy clay 0.02 0.03 0.05 0.430 
silty clay 0.02 0.02 0.04 0.479 
clay 0.01 0.01 0.02 0.475 
very slow < 0 . 06~ 

slow 0.06-.20° 
moderately slow 0.20-0.63° 
moderate 0 . 63-2.0~ 
rapid 2 . 0-6 . 3~ 

very rapid > 6.3° 

'Maricopa County Drainage Design Manual. 1992 
2James, et. al., Water Resources Bulletin Vol 2 , 1992. 
3W. T. Fullerton, Masters Thesis, C U, 1983. 
'COE Technical Engineering and Design Guide, No. 19, 1997 
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Table 4. Green Ampt Infiltration - Soil Suction 

Classification (in) 1 ( in)2 
(i ni 

sand and loamy sand 2.4 1.9-2.4 
sandy loam 4.3 4.3 
Loam 3.5 3.5 
silty loam 6.6 6.6 
Silt 7.5 
sandy clay loam 8.6 8.6 
clay loam 8.2 8.2 
silty clay loam 10.8 10.8 
sandy clay 9.4 9.4 
silty clay 11 .5 11 .5 
Clay 12.4 12.5 
Nickel gravel-sand loam 2.0-4.5 
Ida silt loam 2.0-3.5 
Poudre fine sand 2.0-4.5 
Plainfield sand 3.5-5.0 
Yolo light clay 5.5- 10.0 
Columbia sandy loam 8.0-9.5 
Guelph loam 8.0- 13.0 
Muren fine clay 15.0- 20 .0 
' Maricopa County Drai nage Des ign Manual, 1992 . 
' James, W.P., Warinner, J., Reedy, M., Water Resources Bull et in Vol. 28, 1992. 
3W. T. Fullerton Masters Thesis, CSU, 1983. 

Table 5. Green Ampt Infiltration -Volumetric 
Moisture Deficiency 

Dry Normal 
Classification (% Diff) (% Diff) 

sand and loamy sand 35 30 
sandy loam 35 25 
loam 35 25 
si lty loam 40 25 
silt 35 15 
sandy clay loam 25 15 
clay loam 25 15 
silty clay loam 30 15 
sandy clay 20 10 
silty clay 20 10 
clay 15 5 
'Maricopa County Drai nage De ign Manual, 1992 . 

The SCS runoff curve number (CN) loss method is a funct ion of the total rainfa ll depth and the 
emp irica l curve number parameter w hich ranges from 1 to I 00. T he rainfa ll loss is a function of 
hydro logic soi l type, land use and treatment, surface cond iti on and antecedent moisture condi tion. T he 
method was developed on 24 hour hydrograph data on mi ld slope ea tern rural watersheds in the United 
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States. Runoff curve numbers have been calibrated or estimated fo r a wide range of urban areas 
agri cultural lands and semi-arid range lands. The SCS CN method does not account for variation in 
rainfall intensity. The method wa deve loped for predicting rainfa ll runoff from ungaged watersheds and 
its attracti veness li es in its simp lici ty. For large ba ins (especially semi -arid bas ins) which have unique or 
vari able infil tration characteri sti cs such as channels, the method tends to over-predi ct runoff(Ponce, 
1989). 

The SCS curve number parameters can be assigned graphically in the GDS to allow fo r spatiall y 
vari able rainfa ll runoff. Shape fil es can used to interpolate SCS-CN from ground cover and so il 
attributes. The SCS-CN method can be combined with the Green-Ampt infi ltration method to compute 
both rainfa ll-runoff and overland fl ow transmiss ion losses. The SCS-CN method will be applied to grid 
elements with rainfa ll during the model computational timestep and the Green-Ampt method will 
compute infi ltrati on fo r grid elements that do have rainfall during the timestep. Thi s enables transmission 
losses to be computed with Green-Ampt on alluvial fans and flood plains whil e the SCS-CN is used to 
compute the rainfa ll loss in the watershed bas in. 

4.13 Evaporation 

An open water surface evaporation routine accounts fo r evaporation losses for long duration 
fl oods in large ri ver systems. Thi s component was implemented fo r the 173 mile Middle Rio Grande 
model from Cochiti Dam to Elephant Butte Reservoir in New Mexico. The open water surface 
evaporati on computation is based on a total monthly evaporation that is prorated fo r the number of fl ood 
day in the given month. The user must input the total monthly evaporation in inches or mm fo r each 
month along with the presumed diu rna l hourly percentage of the da il y evaporati on and the clock tim e at 
the start of the fl ood simulation. The total evaporation is then computed by summing the wetted surface 
area on both the flood pl ain and channel grid elements for each ti mestep. The floodplain wetted surface 
area excludes the area defi ned by ARF area red ucti on factors. The evaporati on loss does not include 
evapotranspirati on from fl oodpl ain vegetati on. The total evaporati on loss is reported in the 
SU MMARY.OUT fi le and should be compared with the infiltration loss for reasonableness. 

4.14 Overland Multiple Channel Flow 

The purpose of the mul tiple channel fl ow component is to simulate the overland fl ow in rill s and 
gullies rather than as overland sheet flow. Surface water is often conveyed in small channels, even 
though they occupy only a fracti on of the potential fl ow area. Simulating rill and gu lly fl ow concentrates 
the discharge and may improve the ti ming of the runoff routing. The mul tiple channel routine ca lculate 
overland flow as heet flow within the grid element and flow between the grid elements is computed as 
rill and gully fl ow. No overl and sheet fl ow is exchanged between grid elements if both elements have 
ass igned multipl e channels. The gully geometry is defined by a maximum depth, wi dth and fl ow 
roughness. The mul tiple channel attributes can be spatia lly variable on the grid system and can be edited 
with the GDS program. 

lf the gully fl ow exceeds the specifi ed gully depth, the multip le channel can be expanded by a 
specified incremental width . This channel widening process assumes these gullies are alluvial channels 
and will widen to accept more fl ow as the fl ow reaches bankfull di scharge. There is no gully overbank 
di scharge to the overland surface area within the grid element. The gully will continue to widen until the 
gully width exceeds the width of the grid element, then the fl ow routing between grid elements will revert 
to sheet fl ow. This enables the grid element to be overwhelmed by fl ood fl ows. During the fa lling limb 
of the hydrograph when the fl ow depth is le s than 1 ft (0.3 m), the gully wid th will decrease to confine 
the discharge until the ori ginal width is aga in atta ined. 
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4.15 Sediment Transport - Total Load 

When a channel rigid bed analys is is perfo rmed, any potenti al cross section changes associated 
with sed iment transport are a sumed to have a negligible effect on the predi cted water surface. The 
volume of storage in the channel associated with scour or depos ition is relati ve ly small compared to the 
entire fl ood vo lum e. Thi s is a reasonable assumpti on for large river floods on the order of a I 00-year 
flood. For large ri vers, the change is flow area associated with scour or depos iti on will negligible effect 
on the water surface elevati on fo r flows exceeding the bankfull discharge. On steep all uv ial fans, several 
feet of scour or deposition will usuall y have a minimal effect on the fl ow paths of large flood events. For 
small flood events, the potenti al effects of channel incision, av ulsion, bl ockage, bank or levee fa ilure and 
sediment depositi on on the fl ow path should be considered. 

To address mobile bed issues, FL0-2D has a sediment transport component that can compute 
sedi ment scour or deposition. Wi thin a grid element, sed iment transport capacity is computed fo r either 
channel, street or overland fl ow based on the fl ow hydrauli cs. The sed iment transport capacity is then 
compared with the sediment supply and the resul ting sed iment excess or defi cit is uni fo rmly distributed 
over the grid element potential flow surface using the bed porosity ba ed on the dry weight of sediment. 
For surveyed channel cro s sections, a non-uni fo rm edim ent di tr ibution relati onshi p is used. There nine 
sediment transport capacity that can be appli ed in the FL0-2D model which are discussed below. Each 
sediment transport fo rmu la was deri ved fo r unique fluvial geomorphic conditi ons and the user is 
encouraged to research the appl icabi li ty of a elected eq uati on fo r a parti cular project. Sed iment rout ing 
by size fraction and armoring are a lso opti ons. Sed iment continu ity is tracked on a grid element basis. 

During a FL0-2D flood simulation, the ed iment transp01t capacity is based on the predicted fl ow 
hydraulics between floodpl ain or channel elements. but the sediment tran port computation is uncoupled 
from flow hydraulics . Ini tially the flow hyd raulics are computed fo r all the grid and channel elements for 
the given time step and then the sed iment transport is computed based on the compl eted fl ow hydraulics 
fo r that timestep. Thi as umes that the change in channel geometry re ulting from deposit ion or scour 
will not have a sign ificant effect on the average fl ow hydrau lics fo r that timestep. lf the scour or 
deposition is Jess than 0. 10 ft , the sedi ment storage vo lume is not di tributed on the bed, but is 
accumulated. Generally it take several timesteps on the order of 1 to 10 seconds to accumulate enough 
sed iment so that the res ul ting deposition or scour will exceed 0. 10 ft (0.03 m). This j ustifies the 
uncoupled sediment transport approach. 

Sedim ent routing by size fraction requires a sediment size distribution. A geometri c mean 
sediment diameter is estimated fo r each sediment interval represented as a percentage of the total 
sed iment samp le. Generally, a six or more sediment sizes and the corresponding percentages are 
determined from a sieve analysis. Each size fraction is routed in the model and the vo lumes in the bed 
(fl oodpl ain, channel or street) are tracked. The sediment supply to a reach can also be entered in sediment 
size fracti ons. An example of sediment data for routing by size fraction is presented below: 

Sediment Di ameter (mm) 
0.074 
0.149 
0.297 

0.59 
1.1 9 
2.3 8 
4.76 
9.53 

19.05 
38. 10 
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Percent Finer 
0.058 
0.099 
0.156 
0.230 
0.336 
0.492 
0.693 
0.808 
0.9 13 
1.000 
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Bed armoring is automatica lly computed for sediment routing by size fraction. There are no 
switches to initi ate armoring. The armoring process occurs when the upper bed layers of sediment become 
coarser as the finer sediment is transported out of the bed. An armor layer is complete when the coar e 
bed materi al covers the bed and protects the tine sedim ent below it. To assess armoring, the FL0-20 
model tracks the sed iment size distributi on and vo lumes in an exchange layer defined by three times the 
0 90 grain size of the bed material (Yang, 1996; 0 ' Brien, 1984). The potential armor layer i evaluated 
each timestep for each element by assess ing the vo lume of each size fraction in the exchange layer 
(F igure 19). 

F low Direction 

0*------

0 

Q 

db User prescribed 
sediment bed 

depth (db) 

Fi gure 19. Sediment Transport Bed Exchange Layer 

The size fraction percentage is tracked separately in the exchange layer and the re t of the channel 
bed. When the exchange layer has les than 33% of the original exchange layer volume, the exchange 
layer is replenished with sediment from the rest of the channel bed using the initi al bed material size 
di stribution. This effective ly creates an armor layer that is 2 tim es the 0 90 size of the bed material. As 
sedim ent is removed from the exchange layer, the bed coarsens and the size fraction percentage is 
recomputed. If all small er sediment size fractions in the exchange layer are removed leaving only the 
coarse size fraction that the fl ow cannot transport and the exchange layer thickness is greater than 33% of 
the original exchange layer thickness then the bed is armored and no sedim ent is removed from the bed 
for that timestep. Sed iment depos ition can sti II occur on an armored bed if the supply of a given size 
fraction to the element exceeds the sediment transport capaci ty out of the element. The user can spec ific 
the total depth of the channel bed avail able for sediment transport. Sediment scour is limited for adverse 
slopes to essentially the average reach slope. 

FL0-20 calculates the sediment transpott capacity using each equation for each grid element and 
tim estep. The user selects only one equation for use in the fl ood simulation, but can des ignate one 
fl oodplain or channel element to view the sediment transport capacity results for all the equations based 
on the output interva l. The computed sediment transport capacity for each of the nine equations can then 
be compared by output interval in the SEDTRAN .OUT til e. From this tile, the range of sedim ent 
transport capacity and those equations that appear to be overestimating or underestimated the sediment 
load can be determined . 

Each sediment transpoti equation is briefl y described in the fo llowing paragraphs. The u er is 
encouraged to do futiher research to determine which equation is most appropriate for a specific project channel 
morphology and hydrauli cs. When reviewing the SEDTRANS.OUT tile, it might be observed that generally 
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the Acker -White and Engelund-Han en equations compute the highest sediment tran po11 capacity; Yang and 
Zeller-Fu llerton result in a moderate sediment transport quantities; and Laursen and Toffaleti calculate the 
lowest sediment tran port capacity. This correlation however varies accord ing to project conditions. A brief 
discussion of each ediment transport equation in the FL0-20 model follows: 

Acker -White Method. Ackers and White ( 1973) expressed sed iment tran p011 in term of 
dimensionless parameters, based on Bagnold 's stream power concept. They proposed that only a po11ion of the 
bed hear stress is effective in moving coarse ediment. Conversely for fine sediment, the total bed shear stress 
contributes to the su pended ediment transpo11. The erie of dimensionless parameters are required include a 
mobility number, repre entative sediment number and ediment transpo11 function. The variou coefficients 
were determined by best-fit curves of laboratory data involving ediment size greater than 0.04 mm and Froude 
numbers less than 0.8. The condition for coarse sediment incipient motion agrees well with heild 's criteria. 
The Ackers-White approach tend to overestimate the fine sand transpo11 (Julien, 1995) as shown in the above 
example output. 

Engelund-Han en Method. Bagnold 's stream power concept was applied with the similarity principle 
to derive a sediment tran port function. The method involve the energy slope, velocity, bed shear stress, 
median particle diameter. specific weight of sediment and water, and gravitational acceleration. In accordance 
with the similarity principle, the method should be applied only to flow over dune bed form , but Engelund and 
Hansen ( 1967) determined that it could be effectively used in both dune bed form and upper regime sed iment 
tran port (plane bed) for pa11icle sizes greater than 0.15 mm. 

Karim-Kennedy Equation. The simplified Karim-Kennedy equation (F. Karim, 1998) is used in the 
FL0-2D model. It i a nonlinear multiple regres ion equation based on velocity, bed form, ediment size and 
friction factor using a large number of river flume data ets. The data includes ediment sizes rangi ng fi·om 0.08 
mm to 0.40 mm (river) and 0.18 mm to 29 mm (flume), slope rangi ng from 0.0008 to 0.0017 (river) and 
0.00032 to 0.0243 (fl ume) and ediment concentrations by volume up to 50,000 ppm. Thi equation can be 
used over non-uniform river bed conditions for typical large and and gravel bed rive1 . It will yield result 
similar to Laur en 's and Toffaleti' equations. 

Laursen 's Tran port Function. The Laursen ( 1958) formula was developed for ediments with a 
pecific gravity of2.65 and had good agreement with field data from small rivers such as the iobrara River 

near Cody, ebraska. For larger rivers the correlation between measured data and predicted ediment transpo11 
was poor (Graf, 1971 ). Thi set of equations involved a functional relationship between the flow hydraulics and 
sediment discharge. The bed shear stress ari ses from the app lication of the Manning- trickier formula. The 
relationship between shear velocity and sediment particle fall velocity was based on flume data for sediment 
sizes less than 0.2 mm. The shear velocity and fall velocity ratio expresses the effectivene of the turbulence in 
mixing suspended ediments. The critical tractive force in the sediment concentration equation is given by the 

hield diagram. 

MPM-Smarl Equation. This is a modified Meyer-Peter-Mueller (MPM) ediment transp011 equation 
(Smru1, 1984) for teep channels rru1ging fi·om 3% to 20%. The original MPM equation underestimated 
ediment t:ra.J1Sp011 capacity because of deficiencies in the roughness value . This equation can be used for 

sediment sizes greater than 0.4 mm. It was modified to incorporate the effects of nonuniform sediment 
distributions. Jt will generate sediment transpo11 rates approaching Englund-Hansen on steep slopes. 

MPM-Woo Relation hip. For computing the bed material load in teep sloped, sand bed channels such 
as arroyos, washe and alluvial fans, Mussetter, et al. ( 1994) linked Woo's relation hip for computing the 
u pended sed iment concentration with the Meyer-Peter-Mueller bed-load equation. Woo et al. ( 1988) 

developed an equation to account for the vru·iation in fluid prope11ies associated with high sediment 
concentration. Bye timating the bed material transpo11 capacity for a range of hydraulic and bed condition 
typical of the Albuquerque, ew Mexico area, Mu setter et al. ( 1994) derived a multiple regre sion relationship 
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to compute the bed material load as a function of velocity, depth, slope, sediment size and concentration of fine 
sediment. The equation requi re estimate of exponent and a coefficient and is applicable for velocities up to 
20 fps (6 mps), a bed lope < 0.04, a 0 50 < 4.0 mm, and a ed iment concentration of less than 60,000 ppm. Thi 
equation provides a method fore timating high bed material load in steep, sand bed channels that are beyond 
the hydraulic condi tions fo r which the other sed iment tran port equations are applicable. 

Toffeleti 's Approach. Toffaleti ( 1969) develop a procedure to calcu late the total sediment load by 
e timating the unmea ured load. Following the Einstein approach, the bed material load is given by the 
sum of the bedload di charge and the suspended load in three eparate zone . Toffa leti computed the 
bedload concentration from hi empirical equation for the lower-zone suspended load di charge and then 
computed the bedload. The Toffaleti approach require the average velocity in the water column, 
hydraulic radius, water temperature, stream width, 0 65 ed iment size, energy slope and ett ling velocity. 
Simons and Senturk ( 1976) reported that Toffaleti's total load esti mated compared we ll with 339 river 
and 282 laboratory data et . 

Yang's Method. Yang (1973) determined that the tota l sediment concentration was a fu nct ion of 
the potential energy diss ipation per unit weight of water (stream power) and the stream power was 
expressed as a function of velocity and slope. In this equation, the total sedi ment concentration is 
expressed a a series of dimensionle s regression relation hips. The equation were ba ed on measured 
field and flume data with sediment particles ranging from 0.137 mm to 1.71 mm and flows depths from 
0.037 ft to 49.9 ft. The majority of the data was limited to medium to coarse ands and flow depths less 
than 3ft (J uli en , 1995). Yang' s equation in the FL0-20 model can be app li ed to sand and gravel. 

Zeller-Fullerton Equation. Zeller-Full erton i a multiple regression sed iment transport equation 
for a range of channel bed and alluvia l fl oodp lain cond iti ons. This empiri ca l equat ion is a computer 
generated soluti on of the Meyer-Peter, Muller bed-load equation combi ned with Ein te in' s suspended 
load to generate a bed material load (Zeller and Fullerton, 1983). For a range of bed material from 0.1 
mm to 5.0 mm and a gradation coefficient from 1.0 to 4.0, Julien (1995) reported that thi equation shou ld 
be accurate v ith 10% of the combined Meyer-Peter Muller and Einstein equations. The Zeller-Fu llerton 
equation a ume that all sed iment size are available for transport (no arm oring). The original Einstein 
method is assumed to work be t when the bedload con titute a significant portion of the total load (Yang, 
1996). 

In summary, Yang (1996) made everal recommendations for the app lication of total load sed iment 
transport formulas in the absence of measured data. These recommendation for natural rivers are slightly 
ed ited and presented below: 

• Use Zeller and Fu llerton equation when the bedload is a significant portion of the total load. 
• Use Toffaleti' method or the Karim- Kennedy equation for large sand-bed river . 
• Use Yang's equation for sand and gravel transport in natural rivers. 
• Use Ackers-White or Engelund-Hansen equations for subcritical flow in lower sediment tran port 

regime. 
• Use Lausen 's formu la for shallow rivers\ ith ilt and fine sand. 
• Use MPM-Woo 's or MPM-Smart relati on hips for steep slope, arroyo sand bed channel and 

alluvial fan . 

Yang ( 1996) reported that A CE ranked the equations (not including Toffaleti , MPM- Woo, Karin
Kennedy) in 1982 baed on 40 field tests and 165 flume measurements in term ofthe best overa ll 
predictions as fo llow with Yang ranking the highe t: Yang, Laursen, Acker -White Engelund-H ansen, 
and combined Meyer-Peter, Muller and Ein tein . 

lt is imp01tant to note that in applying these equat ion , the wash load is not included in the 
computations. The wa h load should be subtracted from any fie ld data before comparing the field 
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measurement with the predicted ediment transport re ults from the equations. It is also important to 
recognize if the fi eld mea urements are sediment upply limi ted. If this is ca e, any compari on with the 
ediment transport capac ity equations would be inappropriate. 

There are two other sediment tran port option ava ilable in the FL0-20 model; as ignment of 
rigid bed el ement and a limitation on the scour depth. Rigid bed element can be used would simulate a 
concrete apron in a channel below a cul vert outl et, channel bed rock or a concrete lined channel reach. 
The scour depth lim itation is a control that can be invoked fo r sed iment routing. 

4.16 Mud and Debris Flow Simulation 

Very viscous, hyperconcentrated sediment fl ows are generall y referred to as either mud or debris 
fl ows. Mudflows are nonhom ogeneous, non Newtonian, transient flood events whose fluid properties 
change significantly as they fl ow down steep water hed channels or across alluvial fans. Mudfl ow 
behavior is a fun ction of the fluid matri x propertie , channel geometry, slope and roughne s. The fluid 
matri x consist of water and fi ne sedi ments. At uffi ciently high concentration , the fine sediments alter 
the properti es of the fl uid including den ity, viscos ity and yield stress. 

There are several important sediment concentrati on relati onships that help to defi ne the nature of 
hyperconcentrated ediment fl ow . These relation hip relate the sediment concentration by volume, 
ediment concentrati on by we ight, the sediment density, the mudflow mixture den ity and the bul king 

facto r. When examining parameters related to mudfl ow , it i import ant to identi fy the sedim ent 
concentration as a meas ure of weight or vo lume. The sediment concentration by volume C, is given by: 

C, =volume of the ediment/(volume of water plus sediment) 

C, is related to the sed iment concentration by weight C,, by: 

where y =specific weight of the water and Ys =specifi c weight of the ediment. The ediment 
concentration can al o be expre ed in part per million (ppm) by di viding the concentrati on by weight C,,, 
by I 06

. The specific weight of the mudflow mixture Ym is a function of the sedim ent concentration by 
vo lume: 

Ym = Y + Cv(ys - y) 

imilarly the density of the mudfl ow mixture Pm is given by: 

Pm = P + C, (Ps - P) 
and 

Pm = Ym /g 

where g is grav itational accelerati on. Finally, the volume of the total mixture of water and sediment in a 
mudflow can be determined by multiplying the water volume by the bulking fac tor. The bul king factor i 
simply: 

BF = 1/( 1 - Cv) 

The bulking factor is 2.0 for a sediment concentration by volume of 50%. A sediment concentrati on of 
7% by volume for a conventional river bedl oad and suspended results in a bulking factor of 1.075 
indicating that the fl ood vo lume is 7.5% greater than if the fl ood was con idered to be only water. 

These ba ic relation hip will be va luabl e when analyzing mudflow simulations. Most mudtl ow 
studies require estimates of the sediment concentration by volume and the bulking factor to describe the 
magnitude of the event. Average and peak sediment concentra ti ons for the flood hydrograph are 
important variables fo r mitigati on design. 
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The full range of ediment flow span from water flooding to mud flood , mudflows and 
landslide . The distinction between these flood events depends on sediment concentration mea ured 
either by weight or vo lume (Figure 20). Sediment concentration by volume expre ed as a percentage i 
the most commonly used mea ure. Table 6 I i ts the four different categorie of hyperconcentrated 
ediment flows and their dominant flow characteri tics. This table was developed from the laboratory 

data using actualmudflow deposits. ome variation in the delineation of the different flow classifications 
should be expected on the basis of the geology. 
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Figure 20. C lassification of Hyperconcentrated Sediment Flows 

Initial attempt to simulate debris flows were accomplished with one-dimen ional flow routing 
model s. DeLeon and Jeppson (1982) modeled laminar water flows with enhanced friction factors. 
Spatially varied, teady-state Newtonian flow wa a umed and flow cessation could not be imulated. 

chamber and MacArthur ( 1985) created a one-dimen ional finite element model for mudflows using the 
Bingham rheological model to evaluate the hear stresse of a non ewtonian fluid . O'Brien ( 1986) 
de igned a one-dimen ional mudflow model for watershed channels that also utilized the Bingham model. 
In 1986, MacArthur and chamber pre ented a two-dimen ional finite element model for application to 

si mplified overland topography (Corps, 1988). The fluid prope1ties were modeled a a Bingham fluid 
whose shear stres is a function of the fluid vi co ity and yield strength . 

Takahashi and T uj imoto ( 1985) proposed a two-dimensional fin ite difference model for debris 
flows based a di latant fluid model coupled with ou lomb flow resistance. The di latant fluid model was 
derived from Bagnold's di per ive stress theory ( 1954) that describes the stress resulting from the 
collision of sediment pa1ticle . Later, Takaha hi and Nakagawa ( 1989) modified the debri s flow model to 
include turbulence . 

48 



• 

• 

• 

Table 6. Mudtlow Behavior as a Function of Sediment Concentration 

Sed iment Concentration 

by Volume by Weight Flow Characteri ti c 

0.65- 0.80 0.83 - 0.9 1 Will not flow; fai lure by block slid ing 
Landslide 

0.55 - 0.65 0.76- 0.83 Block sliding fa ilure with internal deformation during the 
slide; slow creep prior to failure 

Flow evident; low creep sustained mud fl ow; pl asti c 
Mud now 0.48 - 0.55 0.72- 0.76 deformati on under its own weight; cohes ive; will not 

spread on level urface 

0.45-0.48 0.69 - 0.72 Flow spread ing on level surface; cohesive flow ; some 
mixing 

Flow mi xes easi ly; shows fluid properti es in deformation; 
0.40 - 0.45 0.65- 0.69 spreads on horizontal urface but maintains an inclined 

fluid surface; large particle (boulder) etting; waves 
appear but di ss ipate rapidly 

Mud Flood 
Marked settling of gravels and cobb les; spreading nearly 

0.35 - 0.40 0.59- 0.65 complete on hori zontal surface; I iquid Slllface wi th two 
fluid phases appears; waves travel on urface 

0.30- 0.35 0.54- 0.59 Separation of water on surface; waves travel ea i ly: most 
sa nd and gravel has settled out and moves as bedload 

0.20- 0.30 0.41 - 0.54 Dist in ct wave action ; fluid surface; all parti cles resting on 
bed in quiescent fluid condition 

Water Water fl ood with conventional suspended load and 
Flood < 0.20 < 0.4 1 bed load 

O'Brien and Julien ( 1988), Julien and Lan ( 199 1), and Major and Pierson ( 1992) in vestigated 
mudflows with hi gh concentration of fine ediment in the fluid matrix. These studies howed that 
mudflows behave as Bingham fluid with low hear rate (< 10 s-1

). ln fluid matri cie with low sed iment 
concentrations, turbulent stresses dominate in the core flow. High concentrat ion ofnon-cohensive 
par1icles combined with low concentrations of fine particles are required to generate di persive stress. 
The quadratic shear stres model propo ed by O'Brien and Juli en ( 1985) describe the continuum offlow 
regimes from viscous to turbulent/dispersive flo w. 

Hyperconcentrated ediment fl ows invo lve the complex interaction of fluid and sediment 
proces es including tu rbu lence, viscous shear, flu id-sediment partic le momentum exchange, and sediment 
particle collision. ed iment part icles can co llide, grind, and rotate in their movement past each other. 
Fine sedi ment cohesion controls the non ewtoni an behavior of the fluid matri x. This cohes ion 
contributes to the yield stress 1) wh ich must be exceeded by an applied stres in order to initiate fluid 
motion. By combin ing the yield stress and viscous stress components, the well-known Bingham 
rheological model i prescribed . 
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For large rates of hear such a might occur on steep alluvial fans ( 10 s·1 to 50 ' 1), turbulent 
tresses may be generated. In turbul ent fl ow an additional shea r stress component, the di per ive stre s, 

can ari se from the co lli ion of ediment particle . Oi per ive stress occurs when non-cohes ive sediment 
pa11icles dominate the fl ow and the percentage of cohesive fine sediment ( ilts and clays) is small. With 
increas ing high concentrations of fine sediment, fluid turbulence and particle impact will be uppres ed 
and the fl ow will approach being laminar. Sedim ent concentration in a given flood event can vary 
dramatica lly and a a re ul t vi cous and turbulent stre e may alternately dominate, producing fl ow 
surges. 

FL0-20 routes mudflows as a fluid continuum by predicting iscou fluid motion as function of 
ediment concentration. A quadratic rheologic model fo r predicting viscous and yield stresse as function 

of ediment concentration is employed and sedim ent continui ty is observed. As ediment concentration 
changes for a given grid element, dilution effects, mudflow ce ation and the remobilizati on of deposits 
are simulated. Mudflows are dominated by visco us and di persive stresse and con titute a very different 
phenomenon than tho e processes of suspended ediment load and bedload in conventional sediment 
transport. In should be noted that the sediment transport and mudflow component cannot be used 
together in a FL0-20 imulation. 

The shear stress in hyperconcentrated sediment flow , including those de cribed a debris fl ows, 
mudflows and mud floods, can be calculated from the summation of fi ve shear tre components. The 
total shear stre s 1: depend on the cohe ive yie ld stres •c· the Mohr-Coul omb shear "Cmc, the viscou shear 
stress -c, (11 dv/dy), the turbul ent hear stress -c,, and the dispersive shear tres •d· 

When written in term s of shear rate (dv/dy), the following quadrati c rheological model can be defined 
(O' Brien and Julien, 1985): 

where 

ry= rc + r ,c 

and 

In these equations '1 is the dynami c viscosity ; "Cc i the cohesive yield strength; the Mohr Coulomb stress 
"Cmc = p,tan<p depend on the intergranular pre sure p, and the angle of repose <p of the materi al; C denotes 
the inet1ial shear stres coeffi cient, whi ch depends on the mass density of the mi xture Pm, the Prandtl 
mixing length I, the ediment size d, and a functi on of the volumetric sediment concentration Cv. Bagnold 
( 1954) defined the function relationship f(pm, C,) as: 
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where ai (- 0.0 I) is an empirical coefficient and c. i the maximum stati c volume concentration for the 
edirnent particles. It hould be noted that Takaha hi ( 1979) fo und that the coeffi cient ai may vary over 
everal orders of magnitude. gash ira et a\. ( 1989) revi ed this relationship and suggested the following: 

7r 6 . ' ' 113 

( ) 

113 

f( Ps' C,)= 
12 

7r Sin - a, p .(l- e;, ) C.. 

where the energy re titution coeffi cient en after impact ranges 0.70 < en < 0.85 fo r sand s, u1 i the average 
particle impact angle and Ps is the mass density of sediment particles. 

The first two stre s terms in the quadratic rheo logica l model are referred to a the Bingham hear 
stresses (Fi gure 21 ). The urn of the yield tre s and vi scous stre s define the total hear stress of a 
cohes ive, mudflow in a vi cous fl ow regime. The last term is the sum of the di spersive and turbulent 
shear stresses and defi nes an inerti al fl ow regime for a mud fl ood. Thi s term i a functi on of the square of 
the ve locity gradi ent. A di cu sion of these stre es and their ro le in hyperconcentrated ediment fl ow 
can be fo und in Juli en and O'Brien ( 1987, 1993). 

A rnudfl ow model that incorporates onl y the Bingham stresses and ignores the ine1t ial stres e 
a surnes that the simulated fl ow is dominated by vi cou stresses. This a umpti on i not uni versall y 
appropriate because all mud fl ood and some mudflows are very turbulent with ve lociti es a high as 25 
fps (8 rn /s). Even mudflows with concentration up to 40% by volume can be turbul ent (O'Brien, 1986). 
Depending on the fluid matrix properties, the vi cosity and yield stresses for hi gh edirnent concentrati on 
can still be rel ati ve ly small compared to the turbulent stresses. If the fl ow is controlled primarily by the 
vi cous stre , it will re ult in lower velocitie . Conver ely, if the visco ity and yield tre e are mall , 
the turbulent stre s will dominate and the ve locitie will be higher. 

To delineate the role of turbulent and di per ive fo rces in and and water mixtures, Hashimoto 
( 1997) developed simp] ified criteria involving only fl ow depth d and sediment size Di. When d/Di < 30, 
the intergranular fo rces are dominant. If d/Di > I 00, ine1t ial forces dominate. In the range 30 < d/Di < 
I 00 both force play an important role in the momentum exchange. It should be noted, ho\ ever, that 
sediment concentration is a critical factor that i not accounted fo r in this criteri a . 

.. 

R ot e of Sh ear d u I dy 

Figure 2 I. hear Stress as a Function of hear Rate for Fluid Deformati on Model s 
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To define all the shear stress terms for use in the FL0-2D model , the fo ll owing approach was 
taken. By analogy, from the work of Meyer-Peter and MUller ( 1948) and Einstein ( 1950), the shear stress 
relationship is depth integrated and rewr itten in the fo llowing form as a dimen ion less slope: 

where the total friction slope Sr is the sum of the yield slope Sy, the vi cous slope Sv and the tu rbulent
dispersive slope S,d· The viscous and turbulent-dispersive slope terms are written in terms of depth
averaged velocity V. The viscous slope can be written as: 

_ K 17 V s,. ---
8 J/ Ym 

where Ym is the specific weight of the sediment mixture. The resistance parameter K for laminar flow 
equa ls 24 for smooth wide rectangular channel but increases significantly(- 50,000) with roughness and 
irregular cross secti on geometry. In Table 7 for Kentucky Blue Grass with a slope of 0.0 I, K was 
estimated at I 0,000 (Chen , 1976). A value of K = 2,285 was calibrated on the Rudd Creek, Utah 
mudflow for a residential area and has been used effectively for most urban studies. For laminar and 
transitional flows, turbulence is suppressed and the laminar flow res istance parameter K becomes 
important. In the FL0-20 model if K = 0 in the SED. OAT file, the value of K is automatically computed 
from the Manning's n-va lue . 

Table 7. Resistance Parameters for Laminar 
Flow 1 

Surface Range of K 
11-----

Concrete/asphalt 24 -I 08 
--------r---7~~~---i 

Bare sand 30 - 120 
Graded surface 90- 400 

~-~-~--r--~~~7----i 
Bare clay- loam so il , eroded I 00- 500 
Sparse veoetation I ,000- 4,000 

~~-----r-~~~~~~--i 
Short prairi e rass 3,000 - l 0,000 

~~-----r--=~~~~~~ 
Bluegrass sod 7,000- 50,000 

~----------~--------~----~ 1 Woolhiser ( 1975) 

------------~ 

The flow resistance n,d of the turbulent and di persive shear stress components are combined into 
an equivalent Manning's n-value for the flow: 

At very high concentrations, the di persive stres arising from sed iment pa1ticle contact increases the flow 
resistance n,d by transferring more momentum flux to the boundary. To estimate this increase in flow 
1eS1stance, the conventiOnal tlli bulent flow resistance n-value n, is increased by an exponential function of 
the sediment concentration C,,: 

where: n, is the turbulent n-value, b is a coefficient (0.053 8) and m is an exponent (6.0896). This 
equation was baed on unpublished paper by Julien and O'Brien ( 1998) that relates the dispersive and 
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turbulent resistance in hyperconcentrated ediment flows a function of the ratio of the flow depth to the 
sedi ment grain size. 

The friction slope com ponents can then be combined in the fo ll owing form: 

ry K 17 V nr/ V 1 

s =--+ + 
I I 8 12 11 413 

Ym 1 Ym 1 

A quadratic eq uation oluti on to the above friction lope equation has been formulated in the FL0-20 
model to estimate the ve locity for use in the momentum equation. The estimated ve locity represents the 
flow velocity computed aero the floodplain or channel element boundary u ing the average flow depth 
between the elements. Reasonable va lues of K and Manning' s n-value can be a umed fo r the channel 
and overland fl ow re istance. The specific weight of the fluid matrix Ym, yie ld tres Ty and viscos ity 11 
vary principall y with ed iment concentrati on. Un less a rheological analys is of the mudflow ite material 
is ava ilab le, the following empirical relation hips can be u ed to compute viscosity and yie ld stress: 

r r = a 2 e P; c. and 17 = a 1 e p, c. 

where a; and p; are emp irica l coefficients defined by laboratory experiment (O' Brien and Julien, 1988). 
The viscosity (poises) and y ield stress (dynes/cm2

) are shown to be function of the vo lumetric sed iment 
concentration C, of ilts, c lay and in ome ca es, tine sands and do not include larger clastic material 
rafted along with the flow (Table 8 and Figure . 22 and 23). 

Table 8. Yield Stress and Viscosity as a Function of Sediment Concentration 

'tv = cxe~cv ( dynes/cm2) T] = o:eBC' (po ises) 

Source 0: 13 0: 13 
Field Data 

Aspen Pit I 0.181 25.7 0.0360 22.1 
Aspen Pit 2 2.72 I 0.4 0.0538 14.5 

Aspen Natura l Soil 0.152 18 .7 0.00136 28.4 
Aspen Mi ne Fill 0.0473 2 1.1 0.128 12.0 

Aspen Watershed 0.0383 19.6 0.000495 27. 1 
Aspen Mine Source Area 0.291 14.3 0.00020 I 33. 1 

Glenwood I 0.0345 20.1 0.00283 23.0 
Glenwood 2 0.0765 16.9 0.0648 6.20 
Glenwood 3 0.000707 29.8 0.00632 19.9 
Glenwood 4 0.00172 29.5 0.000602 33.1 

Relationships Avai lable from the Literature 
1ida (1938)' 

Dai et al. ( 1980) 
Kang and Zhang ( 1980) 

Qian et al. ( 1980) 

Chien and Ma (1958) 

Fei ( 1981) 

'See O'Brien (1 986) for the references. 

Conversion: 

- - 0.0000373 
2.60 17.48 0.00750 
1.75 7.82 0.0405 

0.00136 2 1.2 -

0.050 15.48 -

0.0588 19. 1-32 .7 -

0.166 25.6 -

0.00470 22.2 -

, 
Shear Stress: I Pascal (PA) = I 0 dynes/em
Viscosity: I PAs = 10 dynes-sec/cm2 = 10 poi es 

53 

36.6 
14.39 
8.29 

-
-

-

-
-



• 

• 

• 

The viscosity of the fluid matri x is also a function of the perce nt and type of ilt and clays and 
fluid temperature. Very viscou mudflow have hi gh sediment concentrations and correspondingly high 
yield stresses and may result in laminar fl ow although laminar fl ows in nature are extremely rare. Less 
viscous fl ows (mud floods) are always turbulent. 

For a mudflow event, the average sediment concentration generally ranges between 20% and 35% 
by volume with peak concentrati ons approaching 50% (Table 7 and Figure 22). Large fl ood events such 
a the I 00-year fl ood may contain too much water to prod uce a viscous mudfl ow event. maller rainfa ll 
events such as the I 0- or 25-year return period storm may have a greater propen ity to create viscous 
mudfl ows. Most watersheds wi th a history of mudflow events and will gradually develop a sediment 
supply in the channel bed such that small storm may generate mudflow urge . Most rainfa ll induced 
mudfl ows fo llow a pattern of fl ood respon e. Initi all y clear water fl ows from the bas in rainfa ll-runoff 
may arri ve at the fan apex. Thi may be foll owed by a surge or frontal wave of mud and debris (40 to 
50% concentrati on by volume). When the peak arri ves, the average sediment concentration generally 
decreases to the range of30 to 40% by vo lume. On the fa lling limb of the hydrograph, surges of higher 
ediment concentration may occur. 

To simulate mudflows ' ith the FL0-20 model, the MU D switch in the CO T. DAT must be 
turned on (MUD = I) and the isco ity and yield stre vari ab les in SED.DAT fi le mu t be specified. It is 
recommended that the vi cosity and yield stress exponents and coefficient from Table 9 be selected fo r 
inclusion in the SED.DAT fil e. The fie ld sampl e Glenwood 4, fo r example. create a very vi cous 
mudfl ow. A volum etric sediment concentrati on or a sediment vo lume must then be a igned to the water 
di scharge for a timestep in the discreti zed infl ow hydrograph in the INFLOW.DAT fil e. The inflow 
ediment vo lum e may re present channel scour, bank ero ion or hill slope fa ilure. The incremental 

sediment vo lum e is tracked th rough the routing simulation and reported a a total ediment vol ume in the 
um mary volume conservation tables. This total sediment vo lume should be reviewed to determine if thi s 

is a reasonable edi ment upply or yield from the watershed. 

When routing the mud fl ood or mudflow over an all uvia l fa n or floodpl ain, the FL0-20 model 
preserves continui ty fo r both the water and ediment. For every gri d element and timestep, the change in 
the water and sediment vo lumes and the corresponding change in sediment concentration are computed. 
At the end of the sim ulation, the model reports on the amount of water and edim ent removed from the 
tudy area (outfl ow) and the amount and locat ion of the water and sedim ent remaining on the fan or in the 

channel (storage). The areal extent of mudfl ow inundati on and the maximum fl ow depths and ve locities 
are a function of the ava ilable sediment volume and concentration which can be varied in the FL0 -20 
imulat ions. For further discu ion on model hyperconcentrated sediment fl ows, refer to the FL0 -20 

document "Simulating Mudflows_ Guidelines. doc" . 
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V. FL0-2D APPLICATIONS AND METHODS 

5.1 River Applications 

imulating river fl ow is one of the more common applications of the FL0-2D model (Figure 24). 
Abrupt cross section transitions, fl at bed slopes, confluence and limited data ba es are i sue related to 

channel fl ow. The key to simulating ri ver fl ooding is correctl y assess ing the relationship between the 
fl ood vo lume in the channel and the vo lume di stributed on the fl oodplain . There are several 
considerations to defin ing channel vo lume and geometry. The surveyed channel cross sections should be 
appropriately spaced to model tran it ions between wide and narrow cross sections. The estim ate of the 
total channel length (sum of the channel grid element lengths) is important to channel vo lume 
computation. Finally, surveyed water surface elevations at known discharges are needed to ca librate the 
channel roughness va lues. Channel routing with poorl y matched channel geometry and estimated 
roughness can resul t in di scharge surging. 

When preparing a channel simulati on, the available cross sections are di tributed to the various 
channel elements based on reaches w ith similar geomorphic features. The bed elevation is then adjusted 
between channel elements w ith surveyed cross secti ons. The n-values are estimated f rom knowledge of 
the bed material , bed fo rm , vegetation or channel pl anfo rm . The n-values may also serve to correct any 
mismatched channel fl ow area and slope. Roughness values can also be adjusted by specify ing a 
maximum Froude number. Using this approach, the relationshi p between the channel fl ow area bed 
slope and n-va lue can be adj usted to better repre ent the phys ica l system, calibrate the water surface 
elevati ons, eliminate any numerical surging and speed-up the simulation. 

The two most important FL0-20 re ults are the channel hydrograph at a downstream location 
and the fl oodplain area of inundati on. Typically if the area of inundation is correct, then the channel fl ow 
depths and water surface elevati ons will be relati vely accurate. Repli cating the channel hydrograph and 
the fl oodplain inundati on while conserving vo lume is a good indicati on that the vo lume distributi on 
between the channel and the floodpl ain is reasonable. 

Flood routing details related to channel fl ow include simulating hydrauli c structures, levees, 
infiltration, sediment transport and hyperconcentrated sediment fl ows. Hydraulic structure may include 
bridges cul ver1 , weirs, diversions or any other channel hydrauli c control. Levees are u ually setback 
f rom the ri ver on the fl oodplain, but can control the water surface in the channel if the flood is confi ned 
by the fl oodplain levees. Channel infiltrati on is ba ed so lely on the hydraulic conducti vity and represents 
average bed and bank eepage condi tions. Bed scour or deposition associated with a mobil e analys is is 
non-uni fo rmly di stributed on the channel cross secti on. Finally, mudflows can be routed in channels . 
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Figure 24. Middle Rio Grande and Rio Chama Confluence Mode l 

5.2 Unconfined Overland and Alluvial Fa n Floodimg 

The primary focus of an unconfi ned fl ood sim ulation is how the volume i distributed over the 
floodplain surface. The fl ood vo lume control the area of inundation (Figure 25). Important flood 
routing details include topography, patial variation in infiltrat ion and roughne s, flow obstructions, 
levees hydraulic structures and streets. The fl oodwave progression over the fl oodplain can be adju ted 
with the fl oodplain n-va lues. Street fl ow may control shall ow flooding di stribution in urban areas . 
Bu i !dings and wa lls that obstruct fl ow paths and or e lim inate flood plain to rage (Figure 26). The levee 
ro ut ine can be used to im ulate berms, elevated road fill , railroad embankments or other topographi c 
features to confine the flow on the floodpl ain. Hyd raulic conveyance faci liti es such a cul verts, rainfa ll 
and gully fl ov may control the local wate r surface elevation . 

Figure 25. Unconfi ned Alluvial Fan Flood ing 
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Figure 26. Urban flooding with treet Flow and Building Ob truct ion 

FL0-20 can simulate an unconfined fl oodwave progress ion over a dry flow domain without 
specifying any boundary criteri a. o hot starts or prescribed water surface elevations are required. It is 
possible to use the overland flo w component to model various floodp lain feature such as detention 
basi ns, ri ver channels or even streets. Flood retention basi ns have been modeled a part of the entire 
floodplain system using either the grid element elevation or levees to define the ba in torage area. An 
appropriate grid element size should be selected to generate enough interior elements to adequately 
imulate the basin or channel. It shou ld be noted that modeling the channel interior may requ ire very 

small timesteps. Manning's open channel flow equation for the friction slope that is based on uniform, 
steady flow may not be appropriate if the water is ponded and the water surface is very flat. 

If no inflow flood hydrograph data is available, FL0-20 can perform a a water hed model. 
Rainfall can occur on the floodplain surface resulting in sheet runoff after infiltration lo es have been 
computed. It is pos ible to simulate rainfall while rout ing a flood event and have the rainfall occur on the 
inundated area. To improve concentration time, rill and gullie can be modeled to exchange flow bet\¥een 
grid element . This will red uce the travel time associated with sheet flow exchange between grid 
elements. Spatially variable rainfall di h·ibution and a moving torm can be imulated. Rea l time rain 
gage data can also be modeled. The GOS will reformat the rain gage data for real time torm runoff and 
flood simulation . 

Mud and debris flows can be si mulated on alluvial fan surface . There are two method for 
loading the hydrograph with sediment. A sediment concentration by vo lume is a igned to a discretized 
time interval of the inflow hydrograph. A econd method is to load the inflow hydrograph with a volume 
of sediment. In thi manner, spatially differential sediment loading in a watershed channel can be 
simulated . Once the hydrograph is bu lked with sediment, the mudflow is routed as a water and sediment 
continuum over the hyd rograph . The same water routing algorithm is used for mudflows but the 
momentum eq uat ion is olved with the additional viscous and yield stress terms. The bulked sed iment 
hydrograph is tracked through system conserving vo lume for both water and edi ment. Flow cessation 
and flow dilution are poss ible outcomes of the mudflow routing . 
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5.3 Model Re ults - What Con titute a Successful Flood Simulation? 

When a FL0-2D imulation i completed , how do you know if the imu lation was succes ful or 
accurate? There are three keys to a successful project app li cation: 

• Volume con ervation 
• Area of inundation 
• Maximum velocitie and numerical surging. 

Volume conservation mu t be conserved for both the overland flow and channel flow. If the volume wa 
not conserved, then it will be necessary to conduct a more detailed review and determine where the 
volume conservation error occurred. If the volume was con erved, then the area of inundation can be 
quickly reviewed in either MAXPLOT or MAPPER program . If the area of inundation eems rea onable 
and the flood appears to have progressed completely through the system, then the maximum ve locitie in 
the channel, on the floodp lain or in the streets shou ld be reviewed for discharge surging. By reviewi ng 
the results in MAXPLOT or MAPPER, the maximum floodplain velocities can be checked for 
unreasonably high velocities. The Pocket Guide and trouble hooting section in the Data Input Manual 
has more discussion on maximum velocities, numerical surging and how to re olve them including 
applications of the limiting Froude number. 

Once the FL0-2D flood simulation is providing rea onable results, you can fine tune the model 
and speed it up. Review the TIME.OUT file to determine which channel , floodplain or street elements 
are causing the most time tep reductions. Model speed may not be critical if the simu lation is accurate 
with respect to vo lum e con ervation, discharge urging and area of inundation . 

VI. FL0-2D MODEL VALIDATION 

The FL0-2D model has been applied on numerous projects by engineers and floodplain managers 
worldwide. Man u e1 have perfo1med validity tests including physical model studie . U ers evaluate must 
whether the predicted hydraulics are reasonable and accurate for their projects. On occasion, a simulation may 
require some assistance to addre sa complex flow problem. 

ln Janua1y 1999, the acramento District Corp of Engineers conducted a review of several model 
applications, including a number of unconfined flood hazard project , a Cal ifornia Aqueduct te t case and 
replication model of the Arroyo Pa ajero March 1995 alluvia l fan flooding. Over a three-year period, the Corps 
actively engaged in model enhancement, code modification and model testing to expand the model 
applicability. In Januruy 1999, the Sacrrunento District prepared a FL0-2D acceptance letter to FEMA. In 
early 200 I, the Albuquerque District of the Corps of Engineer also completed a review of the FL0-2D model 
for riverine studies and ubmitted an acceptru1ce letter to FEMA in suppo11 ofu ing the FL0-2D for flood 
in urance studies. FL0-2D is on FEMA s list of approved hydraulic models for both ri verine ru1d overland 
flow (alluvial fan) flood studies. 

Validation of hydraulic model with actual flood events is dependent on several facto rs including 
est imate of flow volume and area of inundation, appropriate estimates of flow resistance, repre entative 
conveyru1ce geometry, accurate overland topography and mea ured flow hyd rau lics including water 
urface elevation, velocities and flow depths. The tool for validating hydraulic models include physical 

model (prototype) stud ies, compari son with other hydraul ic numerical model or rep li cation of past flood 
events. FL0-2D oftware, Inc. maintains a serie of va lidation tests. Ideally, the best model test involves 
the prediction of a flood event before it occur ; however, the probability of an actual flood having the 
imilar vo lume to the predicted flood event is remote . 

To confirm the accuracy of the FL0-2D model , everal validation methods are maintained: 
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• Channel fl ow in the mild sloped Californi a Aqueduct; 
• Channel fl ow re ult compared to H EC-2 model re ul ts; 
• Channel and fl oodplain fl ow ro uting for an actual ri ver fl ood, Truckee Ri ver; 
• Channel routing in a large river system (G reen Ri ver) with a dam release fl oodwave; 
• Comparison of fl oodplain inundation with mapped wetted acreage (Middle Ri o Grande); 
• Verification of mudflow hydraulics through rep! ication of a know event (Rudd Creek); 
• Flume di scharge for steady. unifo rm flO\ using the overland flood routing component (compared 

with the analog re ult ); 
• Channel rep lication of measured ri ver gaging discharge (Rio Grande, Figure 27). 

In the last ca e, the replica tion of dam relea e discharge with highly unsteady fl ow 30 miles downstream 
revea ls the robu t nature of the so lution algorithm. The results of these tests confirm that the FL0-20 
computation algorithm are accurate fo r both channel and overland fl ood routing. 

ooo+---

Figure 27. FL0-20 versu GS Measured Gage Data 
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I. Introduction 
The FL0-2D Grid Developer System (GDS) is a GIS integrated software tool used to 

facilitate the creation of all required data to run the FL0-2D model. GD implifies construction 
of the finite difference grid system and allows graphica l editing of its attributes and components. 
The GDS will overl ay the gtid system on a digita l tenain map or a Digital TetTain Model (DTM) 
set of points and will interpolate and ass ign elevations to the grid elements. lt will establish 
geographical boundaries, import background images and photos, and it will automatica lly 
generate the data fi les required to run the model. These fi les are generated and edited in an 'enor 
free' fo nnat that requ ires no further modification to run the FL0-2D model. 

GDS can also run the FL0-2D model once the data files have been created. One of 
primary functions of the GDS is to graphica ll y edit grid elements attribu tes such as treets, flow 
obstructions, levees, rainfa ll , evaporation, infi ltration , channels, hydraulic structures, sediment 
transport and mud flow parameters, detention bas in , and n-va lues interactively using mouse 
point and click events. All data i val idated to minimize common input errors. For G l 
integration GDS makes extensive use of ESRI MapObjects© Version 2.4 GI software controls. 

The GDS ystem can perfom1 the fo ll owing functions : 

Interactive Data Entry 

• Interactive graphica l editing of channel , streets, multiple channe ls, levees and buildings 
and other grid element attributes. 

• Input detention basins parameters. 

• Ass ign attributes to group of user selected grid elements 

• Assign reservoir or pounded water elevation for an initial condition on a portion of the 
gri d system. 

• Assign channel OFLOC va lues (channel elements not sharing di scharge) including 
OFLOCs a sociated with opposite bank tributaries due to channel extensions. 

• Assign spatiall y and temporally variable rainfa ll data . 

• Edit levee attributes using the Levee Express Editor. 

Import Data 

• Import HEC-1 hydrographs. 

• Import DTM points in ASCII fonmt. 

Data Processing 

• Automatic generation of fini te difference grid and selection of computation area from 
user defined polygons. 

• Compute spatially variab le Green-Ampt infi ltration parameters using so il and land use 
shape file . 

• Compute spatially vatiable MarUling ' s n-va lues using hape files . 

• Convert HEC-RAS cross section data to FL0-2D channel cross section data fom1at. 
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• Compute lengths for channel segments . 

• Create the files to run a FL0-2D simulation 

• CONT.DAT 

• TOLER.DAT 

• lNFLOW.DAT 

• OUTFLOW.DAT 

• RAIN.DAT 

• lNFTL.DAT 

• EVAPOR.DAT 

• CHAN.DAT 

• CHANBA K.DAT 

• XSEC.DAT 

• HYSTRUC.DAT 

• TREET.DAT 

• ARF.DAT 

• MULT.DAT 

• ED. OAT 

• LEVEE.DAT 

• FPXSEC.DAT 

• BREACH.DAT 

• FPLAIN.DAT and 

• CADPT .DAT. 

Data Display and Visua lization 

• Show channel extension directions. 

• Disp lay interpolated elevation map. 

• Display n-Manning ' s map. 

• Display street and levee profiles. 

• Display grid element numbers, elevation and Manning's n coefficients on the gtid 
system. 

• Zoom and pan. 

GIS integration 

• Import ESRI shape file fonnat data such a land use, soil types , and Manning roughne s 
coefficients. 

• Import E RJ Arclnfo ASCII gr·id files contain ing tetTain elevations and NOAA rainfall 
data. 

• Import multiple geo-referenced aerial photos in various graphic fom1ats uch as TIFF, 
BMP, JPG , and others as background to flooding re ult . 

• Customize multiple layer display and layer properties. 
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1.1 What's New in GDS 2009 

GDS version 2009 includes a number of enhancements including: 

C reation of new projects 

• From HEC-RAS Project Files. 

• From DXF and DWG CAD files. 

• From ArcG l hape files. 

• User may now change grid top left and bottom right coordinates. 

New Import fil e options 

• DXF and DWG CAD files. 

• HEC-RAS geometry files. 

C hannel enhancements 

• Create channel segment from HEC-RAS geometry files. 

• Create channel egment from polyline. 

• Create new cross ections and assign them to natural channel elem ents. 

• Assign cross section number to a natura l channel element. 

• Create cross section data file (XSEC.DA T). 

• Realign existing channel. 

• Display cross section numbers as ociated to each natural channel element. 

• Di play grid elements for natural channel elements that do not have associated cross 
sections. 

• Link to PROFIL cross ection and slope interpolation program. 

New Input dialogs 

• input sediment transport fonnulas and parameters. 

• Input concenh·ation or volume mud hydrographs. 

• Input mud flow parameters. 

• lnput hydraulic structure data . 

• Input rainfa ll and evaporation data. 

• Input levee breach parameters. 

New Too ls 

• Automatic and manual assigm11ent of no exchange channel elements . 

• Floating variables Ex pres Editor: Interactive edition of area reduction factor , infiltration 

3 



r----- ------------- ---- ---

• 

• 

• 

and multiple cha1mels. 

• ele t rigid bed element for sediment transport analysis . 

• Approximate watershed delineation . 

• Outflow diversion (hydrograph) boundary condition . 

• Link with U GS-MODFLOW groundwater flow model for integrated surface/subsurface 
simulati on . 

Visualization 

• Rendering of terrain elevations a o lid colors or hatched colored patterns. 

• Disp lay wa tershed and floodp lain watercourse directions. 

• Plot cross section for user selected natural channel elements. 

• Plot 3D view of channel. 

Validation 

• Improved checks on data va lidity . 

There are a number of GDS tutoria ls with example to help you learn the various command , 
features and tools. The e tutorials are avai lable on the FL0-2D installation CD. There are also 
example projects provided on the CD to work through with the tutorial s . 
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II. Data Req uirentents 
GDS data are introduced through window dialog boxes and are stored in files for later 

rettieval. User input data is validated to avoid out-of-range values. Default or recommended 
values are frequently disp layed when the dialog boxes open. The GDS may require or use the 
following data : 

• Tetnin elevation data represented a random topographic points (DTM); 

• Ten·ain elevation data in ASCJI grid files ; 

• Study region limits (coordinates); 

• Manning 's roughness (n-value) shape files ; 

• Soi l shape fi les and tables; 

• Land use shape files and tables; 

• Image files in any of the following fonnat: BMP, JPG, Arcinfo INFO Grid , GeoTIFF 
TIFF with a Geo header, Image Catalogs, JPEG , MrSID, TIFF, JPEG, BMP; 

• Rainfall gage data in A Cll grid files ; 

• Flood inflow hydrographs. 

IMPOR T A T N OTE: For the GDS system to function properly, the MS-Windows environment 
decimal ymbol must be set to decimal point " .. ,And the digit grouping symbol to comma ", ". Set 
the e options in the Control Panel/Regional and Language Options/Regional Options/Customize/ 
dialog box: 

Customrze Regional Optrons (l)~ 

Nl.ll'bers Curency Tine Dote 

S""1'ie 
Pos~: I 1 23.456.789.00 Negative: . 1 23.456.789.00 ] 

D ecinol symbol: _H 
No. ol digits olt01 decimol: !v i 
Digit g~ouping sj<nbol: r:- =-:::3 
Digitg~ I 123.456.789 ~ 

N egalive sign syn'bol: ~ 
--

Negative ...,-,be, lonnot: ·1.1 v 

Disploy ~ZelOS. 0.7 

List oepaotor. 

M e.....-ement system: ~ ~ 

Digit subsijutioo None 

OK l l Concel 
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IlL Getting Started 
All FL0-2D programs can be run from Explorer by simply double clicking on the 

program executable name. You can also run the GDS from the FL0-2D GUI main window using 
the GDS conu11and in the Post Processor menu: 

File Display • • • Post-f>rocessor 

r r CDNT R_OEt:N!R 
--~ GDS 

r r TOLEII~PR~OF~I ... LE~S ...... 
r r INFLO'w:o>< 

r r OUTFLOW.DAT I 
r r RAIN.DAT I 

GDS main window will appear: 

I·!' FLO· 20 Gnd Developer System bJIQI~ 
Fie Vev Design Gr'd Tools H~ 

To create a FL0-2D g,id system, the following steps need to be completed: 

I . Input the DTM points (ten·ain data) or interactively generate topog,·aphic contours; 

2. Input the g,·id element size to create the base g,id system; 

3. Desig11 the project area boundary polygon ; 

4. Interpolate the digital tenain elevation data to compute grid element elevations; 

5. Set Manning's n-va lues; 

6. Assig11 inflow hydrographs to selected g,id elements; 

7. Select outflow g,id elements; 

Set control and stability parameters; 

9. Run the FL0-2D model. 

A partial li st of optional tasks include: 

1. Spatially edit the Manning's n-va lues; 

2. Create streets, buildings, levees and cham1els and assig11 their attributes; 

3. Calculate and spatially varied Green-Ampt infi ltration parameters; 

4. Ca lculate variable rainfall and update the RAJN.DAT files; 

5. Input detention basin locations and parameters . 
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There are five options to create a FL0-2D grid system with the GDS program. These options are 
provided by the New Project ... Command in the File Menu: 

V"rfNI Desi<Jl Grd Tools Hap 
New Project 

Oper1 • TOP Project. .• 

Oper1 Exlsti1g R.o-20 Project. .. 

save .TOP Project .. 

save R.o-20 Flies ... 

Rt.n R.(}-20 .•. 

Rt.n Mapper 

Rt.nPROFILES 

Rt.n RAIN 

Create FPiah.Dat and cati'TS.DAT 

lrrport Image 

lrrport Elevatkln Pohts 

lrrport Shape File .. . 

lrrport Rah Arclnfb ASCI I Grd File ... 

lrrport f£C-RAS Charnels ... 
lrrport CAD Grapht Elements .. . 

save Elevatm Pohts ... 

Expert. .• 

Only one of these option is necessary to start a GDS session to build or edit a FL0-2D model: 

I . Create regional coordinate limits and add random point elevation ; 

2. Import DTM points (random coordinates and elevations) from an existing ti le; 

3. Import an Arclnfo ASCII grid tile containing teJTain elevation in a regular grid; 

4. Import a shape ti le containing modeling region extents. 

5. Import an existing FL0-2D project (from *DAT fi les). 

These options will be described io the following sections. 

IMPORTANT NOTE: You can only have one project open at a time. If there is a project 
already open when you select this command, GDS prompts you to save the current project. 
Howeve1~ you can have more than one GDS application open at a time . 
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3.1 Create a Grid System by Digitizing Points 

This method is ana logous to di giti zing a map in a CADD program. Fir t you input the 
potential flow domain coordinate limits and GDS establishes the screen working area. On the 
File menu, point to New Project and click Defin e working region . 

• View Oesi;Jl GrkJ Tools Hei:J 

~ .TOP Project.. 

Open ExiS!i"g R.o-20 Project. •. 

Save .TOP Projecl .• 

Save R.D-20 FIBs ..• 

Rl.n R.o-20 ... 

Rl.flMapper 

Rllli'ROF!lES 

Rlll RAIN 

create Ff'lan.oat an:t cad'TS.DAT 

lfT!liTI Image 

lfT!"Tt Elevatbl Fon ts 

lfT!'CI"I Shape File ..• 

lfT!'CI"I Ran Ardnfo ASCU Grd File ... 

lfT!liTI I-£C-RAS Channels ... 

lfT!'CI"I CAD Graphic Elerrents ... 

Save Elevatbl Fonts ... 

Export .. 

om DTM E atm Pohts 

from Exlstrg ASCD GrkJ File ... 

from Exlstrg Shapeflle 

from R.o-20 Project .• 

from Exlstrg CAD File ... 

from Exlstrg I-£C-RAS File ... 

Enter the coordinates of the upper right corner and the lower left corner in the dialog box: 

Region 

Region im~s 

Lower Jell corner 

x: lo 
y,r:-,0----

Un<s 

r jntemational (mts) 

.QK 

Upper right corner 

X:!lOOO 

Y: !1000 

The va lues entered in the dialog box indicate that the lower left hand corner corresponds to the 
coordinates (0 ,0) feet and the upper right hand corner represents the coordinates (I 000, I 000) 
feet. ln this proj ect the English System (ft) was selected for the coordinate unit . The 
International ystem (meters) may be selected in tead. 

IMPORT A T N OTE: Thi selection will defin e the unit system that FL0-2D will use for all 
it data . 

When you are finished entering the coordinates, click the 'OK' button . Random 
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elevation points can now be added to the working area. In the toolbar just below the main menu 
is a set of icons that allows quick access to frequently used commands. To insert a new elevation 

point, click on the~ tool bar button or select the Elevation Point/Insert command from the 
Design menu. A dialog box will appear to enter the point elevation in the working area: 

Elevation Points 

Fl~ elevation 12567 
(feet~ 

Q.K 

Press 'OK ' and then use the mouse to click on the point( ) corresponding to this elevation within 
the flow domain area. Every time the mouse button i clicked the point is marked on the screen 
as shown bellow. Repeat this process for al l points with a similar elevation. 

47 

.4742 

.•74tJ .4745 .A74.d 

.4742 

.4748 .4746 .4744 

.47f/J 

_4746 !-748 .47•4 

474~4742 

~~~ 

~~:8 

~~2i ~m ~m 
p•2 .4740 

.4742 47404f~8 
!-748 _4746 .4744 

474tJ .1.742 4740 

Please note that the boxes at the right side of Tool bar will indicate the X and Y coordinates of the 
cur or location in the working area, the Grid Element Jndex, the Grid Element umber, the Grid 
Element Interpolated Elevation and the Elevation of the DTM point. You can use a shape file or 
a scanned contour map as a background reference image to digitize contour lines. The GDS does 
not recognize the contour line until the DTM point data is entered. The elevations are assigned 
by following the contour lines and clicking with the mouse to set a point elevation at appropriate 
intervals similar to digitizing contour lines in a CADD program . 
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3.2 Create a G rid System from DTM Points 

The second option to start a new project is to import an existing file of DTM points. This 
is the most common method for starting a FL0-2D project. The DTM data should be provided in 
ASCII fi le fonnat (separated by a space or comma) li sting the coordinates and elevation of each 
point: 

6413334.59 1936112.79 81.81 
6413388.62 1936112 . 00 81.5 7 
64 1 3500.78 1 936 1 08.47 81.29 
64 1 3664.70 1936102.41 80.95 
6413784 . 88 1936094.97 80.75 

The first two columns are the x- and y- coordinates and the third column is elevation (ft or m). 
There can be an additional fou rth column to accommodate a common fonnat used by LiDAR 
data , bu t its va lues will be ignored by the GDS. 

To import the file, click New Project/From DTM Elevation Points on the File menu: 

D View Desi<}1 Q-kJ Tools Help 

r~w ProjOCt • 

Open .TCP Project .. 

Open Existh;l R.Q-20 Project .. 

Save . TCP Project .. 

Save R.Q-20 Files ... 

RLn R.Q-20 ... 

RLn Mapper 

RLnPROFILES 

RLn RAIN 

o-.. te FPion.O.t..-.d CadPTS.DAT 

!~Image 

I~ Elev•tlcn Pants 

I~ Sh.>pe File ... 

I~ Ron Ardnfo ASCD Q-kJ File ... 

I~ f-EC·RAS Ch<rrosls ... 

I~ CAD Q-ophk: Elerrents ... 

Save Elevoticn Pa nts ... 

Expert.. 

Exit 

oefiJe Wcrlrn ReaOO, .. 
tram DTM Elev•tlcn Pan ts 

from Exlstrg ASCU Q-kJ File .. . 

from Exlstrg Sh.>pefile 
from R.Q-20 Project .. 

from Exlstrg CAD File .. . 

from Exlsth;l f-EC-RAS File ... 

GDS searches for a defau lt fi lename with *.PTS extension, but you may use fi les with other 
extensions provided that the file is in the appropriate fom1at. Once the poin ts are read fi·om the 
file, they will be shown on the screen and the modeling region will be automatica ll y scaled from 
the minimum and maximum coordinates. 

Important Note: DTM point.fi/es with tabs, non-ASCII characters or end of .file delimiters will 
cause an error in reading the file . 
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Region 

lowe< left"""" 

X. 1551371 .7 

Y: 133592.6 

Unil• 

r Jrt .. nobonol("") 

l!K 

Upper rtdll comet 

~ l56fJ5233 

Y. 150925.3 

Chose the ystem of units (e .g. English) and click 'OK '. The DTM points wi ll be displayed: 

After the DTM points have been imported, the grid sys tem can be overlaid and the computational 
domain area can be created as explained later. 

IMPORTANT N OTE: At the present time, there is a maximum DTM point limitation of 
approximately 12 to 14 million points. For DTM point files Larger than this, the grid :ystem 
will hal'e to be del'eloped in segments all(/ pasted together. 

3.3 Crea te a Grid System from Arclnfo ASCII Grid File 

A new project can be created by importing the terrain elevation points from an existing 
Arclnfo ASCll grid file. The working area is automatically scaled from the maximum and 
minimum point coordinates. To impmi the Arcinfo A Cll Grid File (* .A C) file click on this 
command in the File menu : 
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• VieW DeslcJ1 G"ld Tools He~ 
1Je¥o Project • 

Open .Ta> Project .. 

Open Exlsti1g R.o-20 Project .. 

save .Ta> Project. .. 

save FLQ-20 Files .. . 

Ru1 R.o-20 •.. 

Rill Mapper 

Ru1 PROFll.ES 

Ru1 RAIN 

Create FPiah.Dat and cacf>TS.DAT 

l"lJ(rt Image 

l"lJ(rt Elovatioo Pohts 

lrrpcrt Shape File ..• 

i"lJ(rt Ran Arclnfo ASCD G"ld File .. . 

l"lJ(rt 1€:-RAS Charre~ ... 
l"lJ(rt CAD Q"i¢k: Elements .. . 

save Elevatton Pants ... 

Export .. 

Ex~ 

Defhe workhg Regioo .. . 

!Tom DTM Eie';atioo Pohts 

I !Tom Exlsti1g ASCII G"ld File ... 

!Tom Ex~ti1g Shapefile 

!Tom R.Q-20 Project .. 

!Tom Ex~ CAD File .. . 

tram Ex~ f£C-RAS File ... 

Chose the appropriate filename in your project subdirectory. The fom1at of these fi les is as 
follows: 

ncols /* umber of columns in the grid */ 

nrow /* umber of rows in the grid */ 

xllcorner x /*Lower left x coordinate of grid */ 

yllcomer y /* Lower left x coordinate of grid */ 

cellsize size /* Grid cell size*/ 

NODATRA_value NODATA /*value of an empty grid cell */ 

zl l z l2 z l3 ... zlncols /*value ofrow I */ 

z2 1 z22 z23 ... z2ncols /* va lues of row 2 */ 

znrows I znrows2 znrows3 ... znrowsncols /* values of last row* I 

The rows of data are read from north to south. For example: 

ncols 388 

nrow 46 1 

xllcomer 674070.852700 I 5 

yllcorner 1000118. 1562353 

cell size 100 

NODAT A alue -9999 

2477.259 2480.868 2486.877 2486.877 24 7.308 2490.641 2493.438 ... 
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3.4 Create a Grid System from an Existing Shape File 

A new project can be created by importing ex isting ESRl point Shape fi le. First click on 
Fife/New Project(fi··om Existing Shape fi fe: 

D Yew Deskjn Grid Tools Hap 

Open .TOP Project.. 

Open Exlsthj FL()-:20 Project .. 

5ave .TOP Project .. 

save FLo-:20 F1les ... 

Rlrl Fl()-:20 ... 

Rlrl Mapper 

Rlrl PROFILES 

Rlrl RAIN 

Crea1B R'lah.Dat and Gacf>TS.DAT 

lrrpcrl Image 

lrrpcrt Elevatm Pohts 

lrrpcrt Shape File ... 

lrrpcrt Rah Arclnfo ASCII Grid File ... 

lrrpcrt I£C-RAS Charnels ... 

lrrpcrtCAD Graphic Elements ... 

save Elevatioo Pants ... 

Expa'L 

Ex~ 

DefTe Worki'g Regkn .. 

!Tom DTM Elevaticn Pohts 

frp m fdsthJ ASCIHjrk:t E!lg_,, 
fi'omExls~~file 

tram FLo-:20 Project .. 

li'om Existhj CAD File ... 

li'om Exlsthj I£C-RAS File ... 
-~ 

After selectin g the appropriate POINTZ shape fil e name in your project subdirectory, the 
working regjon is automatically scaled from the existing proj ect coordinates and the DTM 
elevati on points are ex tracted from the shape fil es attribu tes. 

IMPORT A T OTE: GDS is only able to extract data fro m POl TZ shape files, uotfrom 
polygon or line shape files. 

Region 

l owet left comer 

X: 1628319.46 

Y: 11029000.7 

Units 

r jntemotioool (mts) 

QK 

Uppe~ right canet 

X: l692033.!ll 

Y: IHJ81941.3 

Chose the uni t system (in thi s case English) and click 'OK '. Then select the num e1ic fi eld 
coJTesponding to the eleva tion attributes in the shape file and dialog box displays the eleva tion 
limi ts . 
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Shape File Colour and Val.. . 
Shape File Name: 
511poinls.shp 

Numeric Reid: @:lhl;bMA .,. 

Ma><. Value: 144.2 

Mn Value: j12 

NLmber ol Colors: 11 0 

QK J:;ancel I 

Cli ck 'OK' to accept the displayed values and the hape tile elevations will be displayed. A 
message asks if you want to create the elevation layer necessary to obtain the DTM data from tbe 
shape fi le: 

Click 'Ye ' to generate a DTM points layer for editing and interpolating the DTM data. 

3.5 Import an Existing FL0-2D Project 

Thi s option provides a way to start a GDS project by importing ex isti ng FL0-2D data 
files. The working region and FL0-2D gJid system are au tomatica ll y scaled from the existing 
project coordinates. To use this option, click New Project/fromFL0-2D project command in the 
File menu: 
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lll vew oesg, Q-ld Tools HeiJ 

Open .TCP ProJect .. 
Open Exlsthg FLD-20 ProJect .. 

save .TCP ProJect .. 

Save FLD-20 Files ... 

Rlrl FLD-20 .. . 

RLn M;qler 

Rlrl PROfllES 

Rlrl RAIN 

O'eate FPian.Dat an:l cad'TS.DAT 

lf!lU"!Image 

1 fTlU"I E lev atiln Pan 

I~t Shape File ... 

If!lU"! Ran Arclnfo ASCII Q-ld File .. . 

if!lU"! fK-RAS Olamels ... 
if!lU"! CAD Q-aphi: Elerrents ... 

Save Elevatb1 Pohts ... 

Expert .. 

- ---------------------------

Defl-e WOrl<hg Region ... 

from OTM Elevatiln Pants 

!Tom Existl"g ASCII Q-ld File ... 

li'omEx file 

elect the FPLAIN.DAT file from your project subdirectory to open the project. Other data files 
con·esponding to the FL0-2D components such as CO T.DAT, TOLER. DA T, STREETS.DAT, 
LEVEE .DAT, etc., will be detected and the following dialog box will allow the user to load 
selected components: 

FLO- 20 Components 

The following components will be looded: 

P Olannels 

P Reduction !odors 

P Streets 

P Ou1flow elements 

P Inflow elements F Hydroulic Structures 

IL QK Cancel 

Check the available boxes to select or unselect the components to import all the data: 
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Select thi s project option when most of the FL0-2D fil es are already created you need to 
graphica lly edi t the grid element attributes. 

3.6 Start a new project using a CAD ftle 

:!::rr 

U± 

This option provides a way to start a GDS project by importing a DXF or DWG CA D fil es. The 
working region and FL0 -2D grid system are automati ca lly scaled fi·om the ex isting CAD fil e 
ex tents . 

r*""" Pro 1ect t 

Open .Ta> Project .. 

Open Exlstrg FLD-20 Projocl .. 

save .Ta> Project .. 

5ave FLD-20 Files ... 

Rt.n FLD-20 ... 

RlllMawer' 

Roo PROFILES 

Rt.n RAIN 

Cteata FPiah.Data'ld cad'TS.DAT 

l"l"lf'llmage 

l"l"lf'l Eevatlcn Pohts 

I~ Shape Fie .. . 

I~ Rah Arclnfil ASCU Gri:J File ... 

I~ 1£:-RAS 0\arnels ... 
I~ CAD Gr~ic Eements ... 

Save Elevatirl Pohts .. . 

Expat. .. 

Defre wai<hg Regkln .. . 
from DTM Elevatlcn Pohts 

from Exlstrg A5CU Gri:J File ... 

from Existhg Shapefile 

fi'om FLD-20 Protect .. 

I from Existng CAD Fie 

from Exlsthg 1£:-RAS .PRJ fie 

3.7 Sta rt a new project from a HEC-RAS project file 

If you have a HEC-RAS project fi le(* .p1j) that includes channel reaches, you may use thi s option 
to import it to start a FL0-2D project. The working region and FL0-2D grid sy tem are 
automatica ll y scaled from the ex isting HEC-RAS project fi le extents . 
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Ill View Desi;J:l Q-i:J Tools Hep 
N8W Project • 

Open .TOP Project. .. 

Open Exlsthg R.o-20 Project .. 

Save . TOP Project. .. 

Save R.o-20 Files ... 

R<ll R.o-20 ... 

R<llMaJ:per 

R<ll PRCJ'n.ES 

R<llRAIN 

Creata FPian.Dat and Od'TS.OA T 

lrrpcrt Image 

Irrpcrt Elevation Penis 

lrrpcrt Shape File ... 

lrrpcrt Ran Artlnfu ASCII Q-i:J File ... 

lrrpcrt f£:-RAS Charnels ... 

Irrpcrt CAD Q-aphlc Elemenls ... 

save Elevatm Poi1ts ... 

Export.. 

Ex~ 

3.8 Grid System Generation 

Oeme workng Region ... 

from DTM ElevatDn Poi1ts 

li'om Exlsthg ASCll Q-i:J File ... 

li'om Exlsthg Shapeftle 

li'om R.o-20 Project .. 

li'om Exlsthg CAD Fie 

li'om Exlsthg f£:-RAS .PRJ file 

To create a new FL0-2D grid system, click the Create Grid command on the Grid menu: 

MITools 1-131p 
Create Grid 

Select 

Assign Parameters to Selectioo 

Interpolate Elevatbn Ponts 

Co"1JUte Green-AJlll! Parameters • 

Co"1JUte Mami1g CoeffiCients ... 

Compute SCS a.rve t-Urrl:er 

Deme Bolndary Grid Elerrents 

Seb..p Computational Area 

Create Grid Layer 

Input the appropriate gtid element size (square gt·id) for the project. 

Grid Element Size 

Grid Element Size (feet): 11 0~ 

QK J:;ancel 

The selected grid element size should reflect the topographic data resolution and result in an 
acceptable number of total elements. A small gt·id element size enhances the FL0-2D model 
resolution but also increases the computer runtime and memory requirements. A balance should 
be sought between the g~·id element size (number of grid elements), resolution of the FL0-2D 
results and the model computer runtime. 
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IMPORTANT N OTE: A common mistake is to select a grid elem ent that is too small! 
Smaller grid elements do not always significantly improve the model resolution, but can 
substantially increase the model simulation time. For large flood events where the entire 
floodplain is inundated by several f eet or meters, the grid element size is not critical. The area 
of inundation depends more on the .flood volume than on the grid element size. Using smaller 
grid elements help reducing the jaggedness ofthe jlood boundary. Carefully review the 
guidelines for selecting a grid element size. A good rule of thumb is to select the g rid element 
size such that the peak discharge divided by the su1face area of one grid element is 
approximately less than one c.fs!fl : Qpea/ A ,.,111 < 1.0 cfslfr. 

When you select the giid element size you wi ll also have the option of changing the coordinates 
of the top left or/and bottom right g~id element. 

Grid Position 

Top-left grid element X: ~~62996 . 6 

Top-left grid element Y: 11187107 

I Right-Bottom Coordinates 

QK .Cancel 

The following figure disp lays a system of I 00 feet square g~·id elements overlaid on a set of DTM 
points that represent both random points and digitized contour lines . 
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The computational domain can be defined by marking the boundary grid elements. The grid 
system can now out! ine your project area. The grid boundary is defmed by clicking D~fine 

Modeling Boundwy with Polygon option of the Select Computational Area in the Grid menu: 

d rools Help 

Create Grid 

Select 

Assign ParametErs to Selection 

InterpolatE Elevation Pants 

Compute Green-Ampt Parameters ~ 

Compute Manning CoeffiCients ... 

Compute SCS Curve Number 

Define Boundary Grid Elements 

Sell..p ComputatiOnal Area • 

CreatE Grid Layer 

Click Inside Modeling Area 

Defre Modeling Boundary with Polygon 

A dialog box appears instructing the user to draw the boundary polygon: 

Fl0 ·10 Grid Developer System g) 

i Click OK and then draw • polygon to defne computational domain 

OK Cancel 

The polygon is completed by double clicking on the last polygon vertex before closing the 
polygon . When the user releases the mou e button , the system displays the message: 

A 'No ' response will erase the polygon while a ' Yes ' response will proceed with creating the 
computation domain. A dialog box wi ll appear so that the grid system numbe1ing scheme can be 
selected: 
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Grid Element Numbering Sequence 

Grid element numbering sequence 

.. [@I(,!!i_to,_]Ep~:Ei.[fiiii9.hJ 
r Left to right. top to bottom 

r Left to right. bottom to top 

r Top to bottom. left to right 

OK 

The numbering sequence is only important if you would need to match the grid with other grids 
to enlarge the computational domain. This may be necessary when working with very large 
projects (mi llions of grid elements). In that case a recommended numbering scheme is left to 
right, top to bottom if the drainage system runs from north to south or top to bottom of the screen. 
This enables the giid system to be expanded by more gi·id elements and maintain the number 
sequence. Click 'OK ' to generate the computational domain grid system: 

Importing a backgi·ound image or having the DTM points displayed wi ll enable you to visualize 
the computation domain and polygon boundary. To import a background ae1ia l photo use Import 
Image/Individual Image ... in the File menu: 
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1111 View Design GriJ Tools Hep 

New Project 

Open .TOP Project .. 

Open Exist ing FL0-20 Project.. 

Save .TOP Project .. . 

Save FLG-20 Files .. . 

RLil FLG-20 ... 

RLil Mapper 

RLil PROFILES 

RLil RAIN 

create FPiain.Dat ..-.:1 cadPTS.DAT 

lmportlmage • 

Import Elevation Pants 

Import S'1ape File ... 

Import Ran Arclnfo ASCII Q'i:J File ... 

Import 1-EC-RAS Channels ... 

Import CAD Q'aphlc Elements ... 

Save Elevation Pants .. . 

Expa't ... 

Exit 

Images can be selected one by one or several at a time using the Shift-click or Crtl-click on the 
files. 

Select file for new layer 11]1!8] 

My Recent 
Documents 

Desktop 

_I 
My Documents 

My Computer 

Filename: 

My Network F~es of !vpe: 
Places 

1"36se.tif" "31 ne.tif" "31 nw.tir ' "31 se.tif" "31sw :::J 
I Standard image formats 

r Open as read·only 

Cancel 

The fo llowi ng figure displays an example from a project with background aerial photos and the 
elevations points display turned off: 
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You may also define the computational boundary marking grid elements wit~~ .se lectin~ the . 

Defin e Boundary Grid Elements Cells command from the Gnd menu or the Icon. Chck w1th 
the mouse on a grid element to mark a bounda ry element. The g~id element will be colored red. 

You may mark boundary elements one at time or by painting a line of elements by 
dragging the mouse while pressing the sh((t key. The gJid boundary can be adju ted by adding or 
deleting them u ing the mouse. The boundary elements can be doubled-up or overlap. The 
objective is to have a completely enclosed flow domain . The boundary g~id elements erve no 
other purpose than to defi ne the FL0-2D computational domain. They have no function in a 
FL0-2D flood simulation, since only intemal grid elements are used in the computation . 

Upon completion, the computational domain will be the area inside the boundary g~id 
elements. Please note that the computational domain is entirely enclosed by boundary gJid 
elements creating a closed region. Click the Select Computational Domain command from the 
Grid menu and then use the mouse to cli ck on any point inside the region. If this enclosure is 
incomplete (open), GDS wi ll infom1 you that the area is sti ll open and then additional boundary 
gJid elements must be marked to close it. 

3.9 Assigning Ma nning's Roughness Coefficients (n-values) 

You may input Manning' s n-va lues to a group of gJid elements. Start by clicking the 
Select/Grid Element command on the Grid menu and then click on the elements where you want 
to define then-values. Selected elements will be hatched diagona lly. ow choose the 
Grid/A sign Parameter to Selection/Manning' Coefficients command and input the de ired n
va lue for the selected elements. By default a ll g~·i d elements have an initial n-va lue a signment of 
0.040. This default overland fl ow n-value is probab ly not representative of your project and you 
should pati ally select and adj ust the n-va lues for your project. It is possible to assign then
va lues universally by se lecting the Inner Grid Element option under the Select/Grid Element 
command. The Manning' s roughness values can also be computed from shape files; see the 
di scussion under Compute Manning Coefficient .. . Command (Grid Menu). 

3.10 Interpolation of Terrain Elevations 

A set ofDTM point elevations may be randomly distJibuted in the flow domain. 
However the FL0-2D model requires that each grid element be assigned a repre entative 
elevation . To interpolate and assign the g~id element elevations from the random DTM points or 
contour point elevation , click the Interpolate Elevation Points command on the Grid menu. A 
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dialog box will display the elevation interpolation parameters: 

• Interpolation Parameters and Data ~ 

The interpole.tion will be performed using the fallowing parameters and 
n,t,· 

Minimum number of DTM 
points to consider in the 

vidnity of ee.dl grid element· J2 

Rad1us of interpolabon 
(proportion!!l to grid 

element size): 

Inverse distance weighting 
formula exponent 

Filtering elevation scheme 

High Eleve.bons: fa Fi~ering 
Low Elevations: fa Fi~ering 

Number of grid elements Jl 065 

Grid Element Size (feet): ~ 00 

Number of elevation pomts 
tnside the compute.ttone.l domain: J241346 

.QK Qanc:el 

The user can adjust the interpolation criteria using the Option/Jntetpolation command on the 
Tools menu . 
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The following table describes the various options for the interpolation algorithm: 

Option 

Minimum number of DTM points to consider 
in the vicinity of each grid element 

Radius of interpolation (proportional to grid 
element size) 

Inverse distance weighting formula exponent 

No filtering (High or Low Elevations) 

Maximum elevation difference 
(High or Low Elevations) 

Standard deviation difference 
(High or Low Elevations) 

Description 
To calculate the interpolated elevation that will represent each grid 
element, the algorithm analyzes at least the minimum number of points 
closest to the grid element node. 
This radius defines a circle around each grid element node based on a 
multiple of the grid elements side. Only DTM or assigned elevation 
points inside this radius are considered in the interpolation process. If 
no elevations point exists, the circle is automatically enlarged until at 
least the minimum number of points is found. 
This is "n" in the Inverse Distance Weighting Formula: 

,\ 'DT.\1 I 
" z -L j r " 

Z = j I " 
\ 'DT.\1 I 

L r" 
j I IJ 

Where z- is the interpolated grid element elevation, Zi is the elevation 
of DTM point j, ni is the distance from the DTM point i to center of grid 
element ; and NDTM is the total number of DTM points. 

No filtering is performed on the elevation points. 
For this option, the algorithm calculates a mean elevation using all the 
DTM and assigned elevation points within the interpolation radius. All 
those points that exceed the selected maximum elevation difference 
higher (or lower in the case of Low Elevation filter) than the mean are 
discarded and the mean elevation is recomputed and assigned to the 
grid element. 
The interpolation algorithm calculates the standard deviation of DTM 
point elevations and then neglects all those points whose elevations 
are higher (or lower in the case of the Low Elevation filter) than the 
standard deviation to determine the mean elevation to represent the 
Qrid element. 

The high elevation filtering scheme has been designed to give greater weight to the 
floodplain elevation in computing a repre entative grid element elevation. Consider theca e of 
an on-ramp to a highway that occupies only a portion of the grid system but happen to be located 
at the grid center. The grid element elevation would be ba ed on the highway on-ramp elevation 
instead of the lower floodplain surface. Thi could result in an inappropriately high grid element 
elevation assignment. 

By selecting the standard deviation option for the filter system, all the DTM points within 
the interpolation radius are used in the computation of the standard deviation. Then those DTM 
points that exceed the tandard deviation elevation (higher than one standard deviation above the 
mean elevation) are discarded and the remaining points are averaged to compute the mean grid 
element elevation . It is also possible to filter out low elevation DTM points. Some DTM points 
may represent the channel bed elevation if the 1iver is dry when the DTM data is co llected . Grid 
element floodplain elevations along the river can be a signed elevations that are lower than 
desired by using the channel bed elevations. The lowest elevation DTM points (those on the 
channel bed) can be eliminated from the interpolation of the floodplain elevation by using the low 
elevation filter. These filtering schemes ensure that the ground surface is given preference when 
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assigning floodplain elevations. Once the grid element elevations have been assigned, double
click on a grid element to review its elevation and make any necessary changes. 

The following figures show the interpolated elevations represented using colors for each 
g~id element. The red color represents the highest elevation while blue color the lowest elevation 
in the computational domain . 
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IV. Mouse Button Contmands 
4.1 Left Button actions (one-click) 

You can zoom-in on the working region by electing a rectangu lar area for a zoom view. 
Click the left mouse button to position the cur or on one the vertices of the desired area and drag 
the mouse to the opposite vertex. The mouse cur or changes to a cross-shaped pointer and a 
rectangle appears to outline the selected area . 

When the button is released, the selected rectangular area is magnified to the fu ll screen. 

Clicking on a street will display a ubmenu that allows editing, modifying or 
deleting the street. 
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Clicking on a channel reach wi ll di splay a submenu that also allows editing channel data . 

How to edi t streets and channel data is explained in chapter 5 . 

4.2 Left Button actions (double-dick) 

After the grid system has been created and the g~id element elevations as igned, you can 
double-click on a gJid element to display the fo llowing di alog box : 

Atnbutes of Gnd Element Number 2771 

Floodplain elevation (feeQ: ~ ~ 677 

Manning coefficient lo 035 

Element size (feet): 
De~aX: 150 

De~aY: '""ls=-o ---

Seduction Factors .. Multiple Channel .. 

Levee .. Street Element. 

I fil~ ti I r Do not share discharge with 
__ n_ a_o_n._ .. -~· the floodplain 

I MODFL()-20 ... 

.___Q_K _ __,I Cancel 

You can enter a new elevation or n-va lue fo r any g~·id element. There are buttons to edi t the grid 
element attrib utes such as levees, infi ltration , streets, etc. 

4.3 Right Button actions 

After the g~·id system has been created and the gJid element elevations a igned, you can 
right-click on a grid element to di splay the fol lowing short cut menu : 
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J 

Clicking on this short-cut message, the inflow/outfl ow dialog box is di splayed: 

In/Out Cond1tion for Grid Element 4887 

r. inflow element with hydrogrelpij 

I Outflow element (no !Jydrogroph) 

I Outflow element with hydro graph (diversion) 

r Qutflow element with stage-time relationship 

r Outflow element with stage-time and free 
floodplain and channel 

I Roodplam (0 Olannel I 

r .channel outflow element (with stage-<lrschatge) 

r No inflow/outflow condition 

Hydrograph (F2D_TO_GDS_ 4.HYD) 

r Mud hydro graph 

Bead 

Save 

!;:dit 

Y,ew Graph I ~ P4 

lnit1e.l time Final time 

QK Cancel 

The input description for the FL0-2D inflow or outflow data is explained in chapter 5 . 
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• V. Too/bar and Menus 
This section describes the GDS commands in the infonnation toolbar and main Menu. 

5.1 Toolbar 

Toolbar 
Icon 

Function 

_QJ tart new project 

~ Open existing project (.TOP fi le) 

~ Save project (.TOP file) 

~ View extent of modeling region (100% view) 

I3J Zoom out to previous view 

.cJ Pan view 

2J Select 

~ Insert elevation point 

• ~ Define boundary grid element by grid element 

~ elect grid element by grid element 

l!!J Select grid elements defined by polygon 

~ Unselect all grid elements 

QJ Levee express editor 

(f:j~ FLO-20 Grid Developer System 

File View Design Grid Tools Help 

D l [di; l ~ l ~ 1 ~ 1~ 1 2J ~ ~ * l• lxl _QJ 

• 
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5.2 File Menu Commands: 

VIew Design Grid Tools Help 

New Project 

Open . TOP Project .. . 

Open Existing FLD-20 Project.. 

Save .TOP Project .. . 

Save FL0-20 Files .. . 

Run FL0-20 ... 

Run Mapper 

Run PROFILES 

Run RAIN 

Create FPialn.Dat and CadPTS.DAT 

Import Image 
Import Elevation Pants 

Import Shape File ... 

Import Rain Ardnfo ASCll Grid Fi le ... 

Import f-EC-RAS Channe ls ... 

Import CAD Graphic Elements ... 

Save Elevation Points .. . 

Export. .. 

Exit 

5.2.1 Define Working Region Command (File Menu) 

This command creates a new project. 

lill View Design Grid Tools Help 

New ProJect • 

Open . TOP Project ... 

Open Existing FL0-20 Project ... 

Save . TOP Project .. . 

Save FLQ-20 Files .. . 

Run FLQ-20 ... 

Run Mapper 

Run PROFILES 

Run RAIN 

Create FPiain.Dat and CadPTS.DAT 

Import Image 

Import Elevation Points 

Import Shape File .. . 

Import Rain Arc Info ASCII Grid File .. . 

Import HEC-RAS Channels ... 

Irrport CAD Graphic Elements .. . 

Save Elevation Points ... 

Export ... 

Exit 

Defne Work I R ion .. . 

trom DTM Elevation Points 

tram Exlstilg ASC!l Grid File ... 

tram Exlstilg Shapefi le 

tram FLQ-20 Project... 

trom Exlsthg CAD File 

trom Existing HEC-RAS .PRJ file 

You wi ll then be prompted for the coordinates that define the project working region. 
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IMPOR TANT NOTE: You can only have one proj ect open at a time. If there is a p roj ect open 
when this command is selected, the GDS will prompt you to save the current project. 

Region 

Region irM> 

lower left corner 

X: lo 
Y: r;:;fo __ _ 

Units 

r. jntemalional (ll'ls) 

l!K 

Uppe1 ri!;.nl COiner 

X: fHXXJ 

Y. fHXXJ 

r .E_ng[ISh (teet) 

~I 

The following table explains the required variables. 

OPTION DESCRIPTION 
X (Upper RiQht Corner) The X coordinate of the UJ>Q_er right hand corner that defines the worki~ r~ion . 
Y (Upper RiQht Corner) TheY coordinate of the upper riQht hand corner that defines the working region . 
X (Lower Left Corner) The X coordinate of the lower left hand corner that defines the working region . 
Y (Lower Left Corner) TheY coordinate of the lower left hand corner that defines the working region . 

5.2.2 New Project/from DTM Elevation Point Command (Fi le Menu) 

~ Design Grid Tools Hep 
New Project ' 

Open .TOP Project. .. 

Open Existing FL0-20 Project .. 

save .TOP Project. .. 

save FL0-20 Files ... 

Run FL0-20 .. . 

Run Mapper 

Run PROFILES 

Run RAIN 

CreatB FPiain.Dat and cadPTS.DAT 

Importlmage 

Import Elevation Points 

Import Shape File ... 

Import Rain Ardnfu ASCII Grid File .. . 

Import 1-EC-RAS Channels ... 

Import CAD Graphic Elements ... 

save Elevation Points ... 

Export .. 

Exit 
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A new project is created by importing the DTM elevation points from an existing file. To 
imp01i the DTM (* .PTS) fi le click on this command in the Fife menu and chose the correct 
filename in your project subdirectory. The working region is automatica lly scaled from the 
minimum and maximum point coordinates. 

5.2.3 ew Project/from Existing Arclnfo ASCII Grid File ... Command (File Menu) 

llll_ View Design Grid Tools Help 

I Jew ProJect • 

Open .TOP Project .. 

Open Existing FL0-20 Project ... 

Save .TOP Project.. 

Save FLQ-20 Files ... 

Run Fl0-2D ... 

Run Mapper 

Run PROFILES 

Run RAIN 

Create FPiain.Dat and CadPTS.DAT 

Import Image 

Import Elevation Points 

Import Shape File ... 

Import Rain Arcinfu ASCII Grid File ... 

Import HEC-RAS Channels ... 

Import CAD Grap-.k: Elements ... 

Save Elevation Points ... 

Export.. 

Exit 

Define Workhj Regicn .. . 

tram DTM Elevation Pants 

tram Existing ASCII Grid File ... 

tram Existng Shapefile 
tram FL0-20 Project ... 

tram Existng CAD File 

tram Existng HEC-RAS .PRJ file 

Using this command, a new project is created by imp011ing the terrain elevation points 
from an existing Arclnfo ASCII grid file . The fom1at of these files is as follows: 

ncols /* umber of columns in the grid *I 
mows /* Number of rows in the grid */ 
xllcomer x /* Lower left x coordinate of grid */ 
yllcomer y /* Lower left x coordinate of grid */ 
cellsize size /* Grid cell size*/ 
NODATRA_value NODATA /*value of an empty gr·id cell*/ 
zl l zl2 zl 3 ... zl nco ls /*values ofrow I */ 
z2 l z22 z23 ... z2nco ls /*values of row 2 */ 

znrows l znrows2 znrows3 ... znrowsncols /*values oflast row*/ 

Rows are read from north to south . For example: 

ncols 
nrows 
xllcorner 
yllcomer 
cellsize 

388 
461 
674070.852700 J 5 
1000118. 1562353 
100 

NODATA value -9999 
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2477.259 2480.868 2486.877 2486.877 24 7.308 2490.64 1 2493.438 2493.438 
2493.438 ... 

The project area i automatica ll y scaled from the minimum and maximum point 
coordinates. To import the Arclnfo ASCil Grid File (* .ASC) fi le click on this command in the 
File menu and choose the co1Tect filename in your project subdirectory. 

5.2.4 ew Project/from Existing Shapefile . .. Command (File Menu) 

d View Desgn Grid Tools Help 

t~ew ProJect • 

Open . TOP Project .. 

Open Exlsthg FLD-20 Project .. 

Sai!B . TOP Project. .. 

Save FL0-20 Files ... 

RLn FLQ-20 ... 

RLn Mapper 

RLn PROFILES 

RLn RAIN 

Create FPiai1.Dat and CadPTS.DAT 

I rrport I mage 

IflllOI't Elevation Poi11S 

lflllOI't Shape File ... 

lrrport Rain Arclnfo ASCII Q'(j File ... 

Import HEC-RAS Charnels ... 

Import CAD Graphic Elements ... 

SaiiB Elevation Poi11S .. . 

Export. .. 

Exit 

Defne Workng Region ... 

!Tom FL0-20 Project .. 

!Tom Exlsti1g CAD File 
!Tom Exlsthg HEC-RAS .PRJ file 

A new project can be created by impo11ing an E RI PointZ Shape fi le. The working 
region is automatically scaled from coordinate data in the shape file. You can only have one 
project open at a time. If there is a project open when you select this command, the GDS prompts 
you to save the cunent project. 

IMPORTANT NOTE: GDS is only able to extract data from POINTZ shape files, not from 
p olygon or line shape files . . 

5.2.5 ew Project/from FL0-2D Project. . . Command (File Menu) 
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- View Desi;)n Grid Tools Help 

New Project • 

Open .TOP Project. .. 

Open Existing FLQ-20 Project .. 

Save .TOP Project .. 

Save FLQ-20 Files ... 

RL.fl FLQ-20 ... 

RL.fl Mapper 

RL.fl PROFILES 

RL.fl RAIN 

Create FPian.Oat and CadPTS.OAT 

Import Image 

Import Elevation Points 

Import Shape File ... 

Import Rain ArcinfO ASCU Grid File .. . 

Import HEC -RAS Charnels ... 

Import CAD Graphic Elements ... 

Save Elevation Ponts ... 

Exp:rt ... 

Exit 

Define Worki1g Region .. . 

fi'om OTM Elevation Pants 

fi'om Exlsti1g ASCIJ Grid File ... 

A new project grid system can be created by importing an exi ting FL0-2D project. The 
working region and the FL0-2D grid are automatically scaled from the minimum and maximum 
coordinate points. To use this option, click on this command in the File menu and chose the 
FPLAlN.DAT file in your project subdi rectory. The CONT.DA T data file must exist in the 
subdirectory. An existing project may have various components that have already been 
developed such as channels, streets, levees, etc. The components that you want to import can be 
identified in the following dialog box: 

FL0-20 Components 

The following components will be loaded: 

P Channels P Infiltration 

P Reduction factors P Floodplain Cross Sections 

P Streets 

P Outflow elements 

P Inflow elements P Hydraulic Structures 

P Levees 

P Rain 

P Breach 

r QK Jl .Qancel 

34 



• 

• 

• 

Only available components will be available, otherwise the conesponding check boxes 
will be unavailable. 

Existing component data (such as reduction factors or levees) can be graphically edited by simply 
clic!Ung on the grid element with the left mou e button. A dialog box will appear so that you can 
select the component for editing. This editing procedure is different from the procedure creating 
new component such as streets or channels. The resulting grid may look like thi s: 

5.2 .6 ew Project/from Existing CAD File Command (File Menu) 

- View Des9fl Grid Tools Help 

~Jew ProJect • 

Open . TOP Project ... 

Open Existi'lg R.0-2D Project .. 

Save . TOP Project .. 

Save FL0-20 Flies .. . 

Run FL0-2D ... 

Run Mapper 

Run PROFILES 

Run RAIN 

Create FPian.Dat ard cadPTS.DAT 

I rrport I mage 

In-port Elevation Points 

I rrport Shape File ... 

In-port Rain Arc!nfo ASCII Grid File ... 

Irrport 1-EC-RAS Channels ... 

In-port CAD Graphic Elements ... 

Save Elevation Poi'1ts ... 

Export. .. 

Exit 

Defl18 Wcrkilg Reglen .. 

from DTM Elevatlon Poi'1ts 

from Existing ASCII Grid File ... 

from Existing Shapefile 

fr 

This option provides a way to start a GDS project by importing a DXF or DWG CAD tiles. The 
working region and FL0-2D grid system are automatically scaled from the existing CAD tile 
extents. 
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5.2.7 ew Project/from Existing HEC-RAS .PRJ File Command (File Menu) 

You may use this option to import it to start a FL0-2D project when you have a HEC-RAS project 
file (*.p1j) that includes channel reaches. The working region and FL0-2D grid system are 
automatically scaled from the existing HEC-RAS project file extents. 

• View Design Grid Tools Hep 
New Pro )ect • 

Open .Ta> Project.. 

Open Exlstng FLD-20 Project .. 

save .Ta> Project.. 

save FLD-20 Files ... 

Defr18 W<rkrg Region .. . 

fi'om DTM Elevation Pants 
fi'om Exlstng ASCII Grid File ... 

fi'om Existhg Shapefile 

fi'om FLD-20 Project .. 

fi'om Existrg CAD File 

Run FLD-20 .. . I fi'om Exlstrg HEC-RAS .PRJ file 

Run Mapper 

Run PROFILES 
Run RAIN 

Create FPiah.Dat and Caci'TS.DAT 

I rrport Image 

IrJlXll't Elevation Pants 
lrrport Shape File ... 

lrJlXll't Ran Ardnfil ASCII Grid File ... 

lrrport HEC-RAS Channels ... 
Irrport CAD Graphic Elements .. . 

save Elevation Pants ... 

Export.. 

Ex~ 

5.2.8 Open .TOP Project ... Command (File Menu) 

- View Design Grid Tools Help 

New Project 

Save . TOP Project .. . 

Save FL0-20 Files .. . 

Run FLQ-20 ... 

Run Mapper 

Run PROFILES 

Run RAIN 

CreatE FPian.Dat and Cad'TS.DAT 

Import I mage 

Import Elevaticn Points 

Import Shape File .. . 

Import Ran Arclnfu ASCI! Grid File ... 

Import HEC-RAS Charnels ... 

Import CAD Graphic Elements .. . 

Save Elevation Pants .. . 

Export ... 

Exit 

Use the Open. TOP Project command to open an existing project. A dialog box will help 
you find the directory and the project file. All GDS project files have a *.TO P extension. 
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5.2.9 Open Existing FL0-2D Project ... Command (F ile Menu) 

&jiew Design Grid Tools Help 

New Project 

Save .TOP Project .. 

Save FLQ-20 Files ... 

RlXl FLQ-20 ... 

RlXl Mapper 

RlXl PROFILES 

RlXl RAIN 

Create FPian.Dat and cadPTS.DAT 

lrrport Image 
lrrport Elevation Pants 

lrrport Shape File ... 

l rrport Ran ArcJnfo ASCII Grid File ... 

Irrport HEC-RAS Charrels ... 

irrport CAD Graphk: Elerrents ... 

Save Elevation Pants ... 

Export ... 

Exit 

This command is equi va lent to the New Project(from FL0-2D Project comm and in the File 
menu. 

5.2.10 ave .TOP Project. .. Command (File Menu) 

1111 View Design Grid Tools Help 

New Project 

Open . TOP Project. .. 

Open Existi1g FLQ-20 Project ... 

save .TOP Project .. 

5ave FL0-20 Flies .. . 

Rlll R.Q-20 ... 

RlXl Mapper 

RlXl PROFILES 

RlXl RAIN 

Create FPian.Oat and cad'TS.DAT 

1 rrport Image 

Import Elevation Points 

I rrport Shape File .. . 

Irrport Rain Arclnfo ASCIJ Grid File ... 

Import HEC-RAS Channels ... 

Import CAD Graphic Elerrents ... 

save Elevation Points . .. 

Export .. 

Exit 

U e this command to save the active project. The system wi ll display a fi le dialog so that 
a directory and file name can be selected. The project file name must have a *.TOP extension . 
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5.2.11 Save FL0-2D File Command (File Menu) 

dll View Design Grid Tools Hep 

New Project 

Open .TOP Project ... 

Open Existing FL0-20 Project ... 

Save .TOP Project ... 

Save FL0-20 Files .. . 

Run FLQ-20 ... 

Run Mapper 

RunPRORLES 

Run RAIN 

create FPialn.Dat ard cadPTS.OAT 

Import Image 

Import Elevation Points 

Import Shape File ... 

Import Rain Arclnfo ASC!I G'id File ... 

Import HEC-RAS Charnels ... 

Import CAD Graph ic Elements .. . 

Save Elevation Points ... 

Export .. 

Exit 

This command allows you to save the FL0-2D data files for use with the FL0-2D model. 

5.2.12 Run FL0-2D ... Command (File Menu) 

11!1 View Design Grid Tools Help 

New Project 

Open . TOP Project .. 

Open Existing FLQ-2D Project ... 

Save . TOP Project .. . 

Save FL0-20 Files .. . 

Run FL0-20 ... 

Run Mapper 

Run PROFILES 

Run RAIN 

create FPiain.Dat ard cadPTS.DAT 

Import Image 

Import Elevation Points 

Import Shape File ... 

Import Ran Arclnfo ASC!I Grid File ... 

Import HEC-RAS Charnels ... 

Import CAD Graphic Elements ... 

Save E ievation Po nts .. . 

Export ... 

Exit 

This command allow you to run the FL0-2D model from the GDS. When you click on 
Run FL0-2D the following dialog box will be displayed: 
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fl020 Control Vanablei 

Time Control and Pio\Vcnobles 

SrrnuloilonTirTie(t'lfs) ~ 

Output lntervel (hrs). r--
Gr~hrca Olspley ~ 6:!~:e~~hu:s 

r r Be.c:kupFite 

System Component SWitches 

17 M~nChet~nel p AJr~aReduc:bon f4dors(ARF) 
P" Streets 

P" Levees 

f.' Rcmfoll 

P"" lnfiltrOllon 

(" Mud/Debris 

r Evoporatron 

(" Sadrment Trenspor1 

(" None 

r MOOFLG-20 Modelling 

Conveyance Structure SWitches 

P" Hydro.ullc Strudures 

r Floodwoy Anolysrs 

r Debns Basrn 

Numericel Stobihty Pa~amslars 

SurfaceOetenlion. ~ 

PercenlChange•nFlow Oepth: ~ 

r A.rumo.te Aowwrth1n GOS 

Aoodplom Otsplo:y Options 

PrirnOpjons/ r.No=Flo::o::;:dp:;:lom;:-. ;;:01/tp=ut---:.:J::l~ 

r Oeote Superadlaal OlllpUl F~e 

Channel Dis ploy Options 

Time Lopse OutpUI 

r Tlme Lapse Output Ou1put lntervol (hrs) ro----
Graphrcs Dlspley 

~ 1 dl rop a T 1..:o end~ 

ftJt b' lr 

UpdoteTmelntei'\I'CI(hrs) ro:os-

DynomicWcve Stob~rtjCoeffioent ~ 

Qose 

In this dialog box, the control parameters can be selected for a FL0-2D simulation. To stat1 a 
basic overland flood simulation, you only need to input the project simulation time (S IMUL) and 
the output interval (TOUT) in the Time Control and Plot Variables frame. Also check Detailed 
Graphic if you want FL0-2D to di play flood graphics during the model run. To start the 
model, click on the Run FL02D button. To ave the FL0-2D input files (.DAT files) without 
running the model click on the Save FL0-2D input fi les button . 

Check the Animate Flow within GDS to plot animated flow depth while the model is 
running. This feature displays the animated flooding over background aetial photos. The FL0-
2D simulation may be slowed down due to the graphic di splay of the aetia l photo. lf only simple 
animation is required without background images, unselect the check button (as shown above) 
and the model simulation wi ll run faster. 
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5.2.13 Run Mapper ommand (File Menu) 

ilill: View Design Q"id Tools Help 

New Project 

Open .TOP Project .. 

Open Exlsthj FL0-20 Project. .. 

Save .TOP Project .. . 

Save FL0-20 Flies .. . 

Rtx1 FLD-20 ... 

Rtx1 Mapper 
Rtx1 PROFILES 

Rtxl RAIN 

Create FPian.Dat <rod Cad'TS.DAT 

Import Image 

Import Elevatioo Pants 

Import Shape File ... 

Import Ran Arclnfo ASCII Q"id File ... 

Import HEC-RAS Channels ... 

Import CAD Graphic Elements ... 

Save Elevatioo Pants ... 

Expert ... 

Exit 

This command initiates the Mapper post-processor program to create flood hazard maps. 
Detailed instructions of the Mapper program are presented in the separate Mapper manual. 

5.2.14 Run PROFILE Command (File Menu) 

Use this command to run the PROFILES program, used to interpolate channel cross sections and 
slopes. 

llll View Design Q"id Tools Hep 
New Project 

Open .TOP Project .. 

Open Existhj FLQ-2D Project ... 

Save . TOP Project. .. 

Save FL0-2D Files ... 

Run FLD-20 ... 

Run Mapper 
Run PROFILES 

RLn RAIN 

Create FPian.Dat <rod cadPTS.DAT 

I 111Jat I mage 
Import Elevatbn Pants 

Import Shape File ... 

Import Rain Ardnfo ASCII Grid File ... 

Import HEC-RAS Chamels ... 

Import CAD Graphic Elements ... 

Save Elevation Pants ... 

Export .. 

Exit 
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5.2.15 Run RAIN Command (Fi le Menu) 

Use this command to run the RAIN program. This option is not activated for this FL0-2D 
version. 

iiil View Design Grid Tools Help 

New Project 

Open . TOP Project. .. 

Open Existirq FL0-20 Project. .. 

Save .TOP Project .. . 

Save FL0-20 Files ... 

Run FL0-20 ... 

Run Mapper 

Run PROFILES 

Run RAIN 

Create FPiain.Dat and CadPTS.DAT 

Import Image 

Import Elevation Pants 

Import Shape File ... 

Import Rain Ardnfu ASCII Grid File .. . 

Import HEC-RAS Channeis ... 

Import CAD Graphic Elements ... 

Save Elevation Po ints ... 

Export ... 

E~it 

5.2.16 Create FPLAIN.DAT and CADPTS.DAT Files Command (File Menu) 

- View Design Grid Tools Help 

New Project 

Open .TOP Project ... 

Open E~lstilg FL0-20 Project .. . 

Save .TOP Project ... 

Save FLQ-20 Files .. . 

Run FLQ-20 .. . 

Run Mapper 

Run PROFILES 

Run RAIN 

Create FPialn.Dat and cadPTS.DAT 

Import Image 

Import Elevation Points 

Import Shape File .. . 

Import Rain Ardnfu ASCII Grid File ... 

Import HEC-RAS Channels .. . 

Import CAD Graphic Elements .. . 

Save Elevation Points ... 

Export. .. 

E~ it 

This is an optional command to create only FPLAJN.DAT and CADPTS.DAT files 
required by FL0-2D. These two topographic files are then created separately without the other 
required FL0-2D files. This is procedure is appropriate when creating a grid system in segments 
for later compilation . 

41 



• 

• 

• 

5.2.17 Import lmage/lndividuallmage Command (File Menu) 

Iiiii View Design Grd Too ls Help 

New Project 

Open .TOP Project. .. 

Open Existing FL0-2D Project .. 

Save .TOP Project .. 

Save FL0-2D Files .• . 

Run FL0-20 ... 

Run Mapper 

Run PROFILES 

Run RAIN 

Create FPian.Dat and CadPTS.DAT 

Import Image • 

Impcrt Elevation Points 

Impcrt Shape File ... 

Impcrt Ran Ardnfu ASCD Grid File ... 

Impcrt 1-EC-RAS Channels ..• 

Impcrt CAD Graphic Elements ... 

Save Elevatbn Points ... 

Export ... 

Exit 

Use thi command to import individual images such as aerial photos. You may se lect 
images one by one or multiple images at a time using the hift-click or Citl-click on the files. 

Select file for new layer f?l~ 

My Recent 
Documenl• 

_) 
tr.tyOocunenh 

/'"36so.LI'' ' "31 no.t.l'' ""Jl,....,li' . ''Jho.tl'' '"Jl&w :::J 
/ S!l!lldald inooe fonMI• :::J 
r Open .. reodooiy 

You may import images that have been created in following fom1ats: 

File Type 

ARC/INFO Grid 
ADRG 

ASRP/USRP 

Description 

Arclnfo GRID files 
Digilized Raster Graphic 

DIGEST ASRP, A NATO Military format 
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BIL Band interleaved by line multiband images *.bil 

BIP Band interleaved by pixel multiband images *.bip 

BMP Windows bitmap * bmp, *.dib 

BSQ Band sequential multi band images *.bsq 

CADRG Compressed Arc Digitized Raster Graphics 

CIB Controlled Image Base 

CRP Compressed Raster Product (Military GeoTIFF) *.tif 

ERDAS/IMAGINE *.gis, *.lan 

GeoTIFF TIFF with a Geo header *.til, *.tff, *.tiff 

GIF Graphics Interchange Format *.gil 

Image Catalogs Image catalog (collection of images) 

IMPELL RLC Run-length compressed files *.ric 

JPEG JPEG *.jpg, *. jpeg 
MrSID Multi-Resolution Seamless Image Database *.sid 

NITF National Imagery Transfer Format *.ntf 

Sun raster file *.rs , *.ras; *.sun 

SVF Single Variable File *.svf 

TIFF Tagged Image File Format *. til, *.tff, *. tiff 

To conectly loca te the image or photo, it must be accompanied by a world file that 
contains geo-reference data. This world file has an extension depending on the image and file 
type and according to the table below. For example, if you have an image with a file name 
my image. bmp, then the world file associated with it must be named my image.bmpw or 
myimage.bpw 

File Extension 

bmp 

jpg; jpeg 

tif; tff; tiff 

gis 

I an 

bil 

bip 

bsq 

sid 

sun 

rs; ras 

ric 

World File Extension 

bmpw or bpw 

jpgwor jgw 

Tfw 

Gsw 

Lnw 

Blw 

Bpw 

Bqw 

Sdw 

Snw 

Rsw 

Rcw 

The world file has the following general fom1at: 

Line I: This line ha the dimension of a pixel in map units in the x-direction. 
Lines 2 and 3: These line are the rotation tem1s (Not used in thi s release). 
Line 4: This va lue is always negative because the image space is top-down whereas the 

map space is bottom-up. 
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Line 5: 

Line 6: 

This line has the translation tenn; x-Origin (x-coordinate of the center of the 
upper left pixel). 
This line has the translation tem1; y-Origin (y-coordinate of the center of the 
upper left pixel). 

An example world file fom1at is: 

20 
0 
0 
-20 
6375 10 
1032490 

An imported image i illustrated in the following figure: 

5.2.18 Import Image/Group oflmage Command (Fi le Menu) 

- View Design Q-id Tools Hell 
New Project 

Open . TOP Project. .. 

Open Existing FL0-20 Project... 

Save .TOP Project. .. 

Save FLQ-20 Files ... 

Run FLQ-20 ... 

Run Mapper 

Run PROFILES 

Run RAIN 

CreatE FFian.Dat and cadPTS.DAT 

I mportl mage • 

Irrport Elevatioo Pants 

Import Shape F lie ... 
Import Rain Arcinfu ASCII Q-id File ... 

Import HEC-RAS Charnels .. . 
Irrport CAD Q-ap'1ic Elements ... 

Save Elevatioo Pants . .. 

Export .. 

Exit 
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Thi command allows importing of several image fi les contained in a given ubdirectory. 
First draw a polygon on the working region and then select an image catalog file. 

--.-.-.-

The cata log fil e may be in DBASE or A CII fonnat and ha the following fonnat: 

Ima e Xm in Ymin Xmax Ymax 

C:\Projects\MaricopaCounty\Data\ 6401030-5. TIF 640000 1000000 670000 1400000 

C:\ Projects \MaricopaCounty\Data\ 6401035-5.TIF 660000 1300000 770000 1500000 
IMF\ 6401 - TIF 630000 1300000 750000 1510000 

The fi rst column is the fi le name including its path and the fo llowing four columns are the image 
coordinate limits. The GDS will find all im ages from the catalog that are contained within or 
intersected by the user defi ned polygon and will retri eve the con esponding images . 

5.2.1 9 Import Elevation Points/ DTM Points ... Command (File Menu) 
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- View Design Grid Tools Help 

New Project • * 1• 1 X I _Qj 
Open .TOP Project .. 

Open Existing FL0-2D Project ... 

Save .TOP Project .. . 

Save FLQ-2D Files ... 

Run FL0-2D .. . 

Run Mapper 

Run PROFILES 

Rm RAIN 

Create FPia in.Dat and CadPTS.DAT 

Import Image 

Import Elevatron Pon1ts •I 
Import Shape File ... 

Import Rain Arcinfu ASC!l Grid File ... 

Import HEC-RAS Channels ... 

Import CAD Graphic Elements ... 

Save Elevation Points ... 

Export ... 

Exit 

DTM Pants.. . II 
Arcinfu ASCII Grid File • I 

This command imports DTM elevation points from an existing fi le. You may import 
several data files and the new points are appended to the existing data points. You may also mix 
or combine DTM points with points from Arclnfo A CII g~id files . 

5.2 .20 Individual Arclnfo ASCII Grid File Command (File Menu) 

Ill View Design Grid Tools Hep 

New Project 

Open . TOP Project ... 

Open Existing FLQ-2D Project ... 

Save .TOP Project .. 

Save FL0-2D Flies .. . 

Run FLQ-2D ... 

Run Mapper 

Run PROFILES 

Run RAIN 

Create FPiain.Dat and CadPTS.DAT 

Import Image 

Import Eievatron Pornts • 

Import Shape File .. . 

Import Ran Arc!nfo ASC!I Grid Fi le ... 

ImportHEC-RAS Channels .. . 

Import CAD Graphic Elements .. . 

Save Elevation Points .. . 

Export ... 

Exit 
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U e thi s command to import Arclnfo ASCII grid files. You may import several grid 
fi les . Any new points are added to the exi ting data . You may also mix or combine Arcinfo 
ASCIJ data with DTM points. 

5.2.2 1 Arclnfo ASCII Grid Fi le Cata log Command (F ile Menu) 

- V'ew Design Gr id Too ls Hep 

New Project 

Open .TOP Project. .. 

Open Existing FL0-20 Project .. 

Save . TOP Project ..• 

Save FL0-20 Files ... 

Run FLQ-20 ..• 

Run Mapper 

Run PROFILES 

Run RAIN 

Create FPiain.Dat and CadPTS.DAT 

Import Image 

Import Shape File .. . 

Import Rain Arcinfu ASC!l Grid File ... 

I mport HEC-RAS Channels ... 

Import CAD Graphic Elements ... 

Save Elevation Points ... 

Export. .. 

Exit 

DTM Pants ... 

Arclnfu ASCII Gnd File ' IndiV idual Arcinfu ASCII Grid File 

Ardnfu ASC!l Gr id Fi le Catalog 

With this command you can import several Arclnfo ASCII grid files stored in any 
subdirectory. First draw a polygon on the working region , then select a catalog fi le. The catalog 
file may be in DBAS or ASCII fonnat and has the fo ll owing fmmat: 

ASCII Grid File 

C:\Projects\MaricopaCounty\Datalgrd2375-100.asc 
C:\ Projects \MaricopaCounty\Data\grd2376-1 OO.asc 
1\A ua\IMF\Publico IMFI rd2476-100.asc 

X min 

640000 
500000 
510000 

Ym in 

1000000 
1000000 
1000000 

Xmax Ymax 

670000 1400000 
900000 1500000 
740000 1510000 

The first column is the file name including the path name. The following four columns are the 
coordinate data limits in each fil e. The GDS will automatically find all data files that are 
contained with in or intersected by the user defined polygon and will reh-ieve/di splay the 
con-esponding fil es . Grid files generally con tain a large number of points and loading may take 
several minutes, but once loaded, the points are quickly di splayed. Ifthe di sp lay time becomes 
too long for a given large data point set, you can use theE c key to stop the di splay process . 
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5.2.22 lmport Shape File Command (Fi le Menu) 

Ill View Design Q"id Tools Help 

New Project 

Open . TOP Project .. 

Open Exismg R.o-20 Project... 

Save .TOP Project. .. 

Save FL0-20 Files ... 

Run R.0-2D ... 

RLnMapper 

RLn PROFILES 

Run RAIN 

Crea!B FPiain.Dat and cadPTS.DAT 

I rrport I mage 

Irrport Elevation Points 

I rrport Shape File ... 

Irrport Rain Arclnfo ASCII G"id File ... 

Irrport HEC-RAS Charnels ... 

I rrport CAD G"aphk: Elements ... 

Save Elevation Pants ... 

Export .. 

Exit 

This command will import ESRJ shape file . The shape file can represent soil properties, 
land use, Maru1ing's n-values or other vatiables. The shape file below displays n-va lues . 
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5.2 .23 Import Arclnfo ASCII Grid File (File Menu) 

g View Design Grid Tools Help 

New Project 

Open .TOP Project .. 

Open Existn g FL0-20 Project .. 

Save .TOP Project .. 

Save FLQ-20 Files ... 

Rt.r1 FL0-20 ... 

Rt.r1 Mapper 

Rt.r1 PROFILES 

Rt.r1 RAIN 

Create FP!ain.Oat ard cadPTS.OAT 

Irrport I mage 

Irrport Elevation Points 

Irrport Shape File ... 

Import Rain Arcinfo ASCII Q-I:J File ... 
Irrport HEC-RAS Channels ... 

Import CAD G"aphic Elements ... 

Save ElevatiOn Points .. . 

Export .. . 

Exit 

An ASCII grid file can be imported as a FL0-2D grid system or used to delineate other 
boundaties such as a rainfall gage grid system . 

5.2.24 Import HEC-RAS Channels .. . (File Menu) 

This command allows importing channel reaches from HEC-RAS geometric files. 

g View Design Grid Tools Help 

New Project 

Open .TOP Project .. 

Open Existing FL0-20 Project .. 

Save .TOP Project .. 

Save FLQ-20 Files ... 

Rt.r1 FL0-20 ... 

Rt.r1 Mapper 

Rt.r1 PROFILES 

Rt.r1 RAIN 

Create FP!ain.Oat ard cadPTS.OAT 

Irrport I mage 

Irrport Elevation Points 

Irrport Shape File .. . 

Irrport Rain Ardnfo ASCII Q-I:J File ... 

Irrport HEC -RAS Channels ... 

Irrport CAD Q-aphic Elements ... 

Save ElevatiOn Points ... 

Export .. 

Exit 
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5.2.25 Import CAD Graphic Elements ... (Fi le Menu) 

Use this command to import DXF or DWG CAD ti les . 

lilll_v lew Design Grid Tools Help 

New Project 

Open .TOP Project .. 

Open Existing FLQ-20 Project .. 

Save . TOP Project .. . 

Save FLQ-20 Flies ... 

Rt.n FL0-2D ... 

Rt.n Mapper 

Rt.n PROFILES 

Rt.n RAIN 

CreatE FPiain.Dat and CadPTS.DAT 

Irrport Image 

Irrport Elevation Points 

I rrport Shape File ... 

I rrport Rain Arc Info ASCII Grid File ... 

l rrport I-£C-RAS Charnels ... 

l rrport CAD Grapht Elements .. . 

Save Elevation Pants .. . 

Export. .. 

Exit 

5.2.26 ave Elevation Points (File Menu) 

B View Design Grid Tools Help 

New Project 

Open .TOP Project .. 

Open Existing FLQ-20 Project. .. 

Save . TOP Project. .. 

Save FLQ-20 Flies ... 

Run FL0-2D .. . 

RlAl Mapper 

RunPRORLES 

Run RAIN 

Create FPialn.Dat and cadPTS.DAT 

Import I mage 
Import Elevation Points 

Import Shape File .• . 

Import Rain Arc Info ASC!l Grid File ... 

l rrport HEC-RAS Channels ... 

l rrport CAD Grapht Elements ... 

Save Elevation Points ... 

Export. .. 

Exit 

After deleting any DTM points, this command will save the remaining points to a file . 

5.2.27 Export.. .Command (File Menu) 
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lil_view Design Grid Tools Help 

New Project 

Open .TOP Project ... 

Open Existing FL0-20 Project ... 

Save . TOP Project .. . 

Save FLQ-20 Files .. . 

Run FLQ-20 ... 

Run Mapper 

Run PROFILES 

Run RAIN 

CreatE FP\ain.Dat and cadPTS.DAT 

Import Image 

Import Elevation Points 

Import Shape File ... 

Import Rain Arc Info ASCII Grid File ... 

Import HEC-RAS Chamels ... 

Import CAD Grapht Elements ... 

Save Elevation Ponts ... 

Export .. 

Exit 

Use this command to expmt the current creen view to one of various image fonnats . 
Click on the Export Command and the following dialog box appears: 

Export Current Image 

E-tto 

r. C.eate ~rodows Enhanced Me0fie [EMF] lie 

r Create ~M>ap (BMP) lie 

r C.eate JPEG lie 

r Wrodows ];nhonced Metalile (EMF) to clipboard 

r Bi""''l(BMP) to &Ji:>boord 

Sc•ing 

Scale foetor (tines the originol rurbef ol pixels in the image) r;--
Scole mode: 

~~~~~~~~------~ 

Choose an image export fonnat such a Bitmap, JPEG, etc and adjust the scale factor of the 
image to obtain better print quality. W11en you click on the Export button, input the image file 
name and select the directory to save the image a shown in the fo llowing file dialog box: 
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F 1lc n4mc to export image r1)~ 

Saven: j Shopol ... ::J (!;) c:fl!:ll· 

u 
~yRec:en~ 

D"""""' 

0-
_./ 

M}'Ooc..mrit 

My~er 

My Network """""" Ploceo 
Seve as twe: 

5.2.28 Exit Command (F il e Menu) 

Ill View Design Grid Tools Hei:J 
New Project 

Open . TOP Project. .. 

Open Existing FLD-20 Project .. 

Save .TOP Project. .. 

Save FL0-20 Files ... 

Run FL0-20 ... 

Run Mapper 

Run PROFILES 

R1..11 RAIN 

Create FPian.Dat and Caci>TS.DAT 

Irr-port Image 

Irr-port Elevation Pants 

Irr-port Shape File ... 

Irr-port Ran Arclnfo ASC!l Grid File ... 

Irr-port f-EC-RAS Channels ... 

Irr-port CAD Graphic Elements ... 

Save Elevation Pants .. . 

Export. .. 

Exit 

~ 
~ 

This command ends your GDS session. GDS will prompt you to save the cmTent project. 
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5.3 View Menu Commands: 

i& Design Grid Tools Help 

\/lew All 

Zoom OUt Previous \/lew 

Zoom OUt 10% 

Pan 

Layers List.. 

DTM Pont Elevations Renderilg ... 

Track Elevation Pants 

Grid Element Numbers 

Grid Element Elevation \laU!s 

Grid Element Mannilg's n-Il a lues 

Grid Element CUrve Numbers 

Grid .. . 

Components 

"' Eleva tion Pants 

Mannilg's n-llaU!s Renderilg 

Grid Element Elevation Renderilg 

Highlight Grid Element Number ... 

Cross Section Numbers 

Cells Without Cross Section Numbers 

Recraw 

5.3. 1 View All Command (View Menu) 

Zoom Out 10% 

Pan 

Layers List .. 

DTM Pont Elevations Renclerlrg .. . 

Track Elevation Pants 

Grid Element Nurrbers 

Grid Element Elevation \laUes 

Grid Element Mannilg 's n-\laU!s 

Grd Element CUrve Numbers 

Grid ... 

Components 

"' Elevation Pan ts 

Mannilg's n-VaU!s Renderilg 

Grd Element Elevation Renderilg 

Highlight Grd Element Number ... 

Cross Section Numbers 

Cells Without Cross Section Numbers 

Recraw 

Use the View All command or click on the View All G<. l icon to return the 
working region to its original full size. To Zoom-in (increase the magnificati on), just 
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click in the working region and drag the mouse to outline the area you want to magnify. 

5.3.2 Zoom Out Previou View Com mand (View Menu) 

fd Deslgl Grid Tools Help 

VIew All 

Zoom OJt Previous View 

zoom OJt 10% 

Pan 

Layers List .. 

DTM Pont Elevations Renderf>;i ... 

Track Elevation Pants 

Grid Element Nurrbers 

Grid Element Elevation Values 

Grid Element Mamf>;i's n·Valles 

GOd Element Ct.rve Numbers 

Grid .. . 

Corrponents 

"' Elevation Pants 

Ma:Ylf>;l 's n-Vak.Jes Renderf>;l 

Grid Element Elevation Renderf>;i 

Hlghli<jlt Grid Element Nurrber ... 

Cross Section Numbers 

Cells Witroot Cross Section Nurrbers 

Redraw 

Use the Zoom Out Previous View command to return to the prev iou zoom extent 

5.3.3 Zoom Out I 0% Command (View Menu) 

Deslgl Grid Tools Help 

VIew All 
Zoom Out Previous View 

ZoomOJt 10% 

Pan 

Layers List •• 

OTM Point Elevations Rerdering .. . 

Track Elevation Ponts 

Grid Element Nurrbers 

Grid Element Elevation VaU8s 

Grid Element M<mf>;i 's n-Vak.Jes 

Grid Element Orve Nurrbers 

Grid ... 

Corrponents 

"' Elevation Pol11s 

Ma:Ylf>;l's n-Vak.Jes Render f>;1 
Grid Element Elevation Rerderf>;l 

Highlight Grid Element Number .. , 

Cross Section Numbers 

Cells Without Cross Section Numbers 

Redraw 

Use the Zoom Out l 0% View comm and to reduce the cun ent view 10% in size . 
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5.3.4 Pan Comm and (View Menu) 

d Deslg1 Grid Tools Hell 
View All 

Zoom OJt Previous View 

ZoomOJt 10% 

Pan 

Layers List. . 

DTM Pont Elevations Renderrg .. . 

Track Elevatim Ponts 

Gr id Element Numbers 

Grid Element Elevatim Values 

Grid Element Mamrg's n-Values 

Grid Element Curve III.J mbers 

Grid ... 

CofllXl11911ls 
.- Elevatim Pants 

Mamng's n-Values Renderrg 

Grid Element Elevatim Renderrg 

Highlight Grid Element III.Jmber ... 

Cross Sectim III.Jrrbe"s 

Cells Wl1toot Cross Sectim N.Jmbers 

Reci"aw 

Use the Pan command to move around within the working reron view. Click and drag 

the mou e to pan around . You can also use the Pan Toolbar icon ~ for the same purpose. Use 
the View All command (or tool bar icon) to return to a full view of the working region. 

5.3.5 Layer List Command (View Menu) 

d Deslg1 Grid Tools Hell 
View All 

Zoom OJt Previous View 

ZoomOJt 10% 

Pa1 

Layers List. .. 

DTM Pont Elevatims Renclerrg ... 

Track Eleva tim Ponts 

Grid Element N.Jmbers 

Grid Element Elevatim Values 

Grid Element Mamng's n-Values 

Grid Element arve N.Jmbers 

Grid .. . 

CofllXl11911ls 
.- Elevatim Ponts 

Mamrg's n-Va U!s Renderng 

Grid Element Eleva ticn Rerderrg 

Highl ight Grid Element Number ... 

Cross Sectim Numbers 

Cel ls Wl1toot Cross Sectim III.Jmbers 

Reci"aw 
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This command opens the Layer dialog box . 

Layers 

SOILJUNE2002.SHP 

~ ~ r 'iisible r Q.elete 

Layers may be visible or invisibl e. You can change the layer visible status by checkin 

the Vi ible check box. In the example above there are two active layers. You may use the 

and icons to highli ght and move between the various layers. Click on the Apply button to 
accept the changes. You may also delete any layer by checking the Delete check box and then 
clicking the Apply button. 

To enter the Layer Management Dialog box double click on an active layer. The 
fo llowing dialog appears: 

Symbol properties lor the SOILJUN£2002.SHP layer . 

Laye• name: ISOILJUNE2002.SHP 

Shape Fie Type: !Polygon 

Numbe1 ol Aec01d~ j516 

The Single Symbol classr~eation displays aD the fea!Uies n alaye1 with the 
same symbol 

Single T Unique J Classes l Std labe~ J Adv label j 

N ume1ic field: Style; 

IFeatureld il jsoid rm il 
SOILJUNE2002.SHP · FeatUield 

Numbe• ol classes: ~ Less than 43.92 
f- 43.92 . 86.83 113 il 
f- ~~5 1~{~7 r= 172.67 . 215.58 CoiOI ••lr4>: 

215.58 . 258.50 St01t 
258.50 . 301 .42 
301.42 . 344.33 End: 
344.33. 387.25 
387.25 . 430.17 I" D1aw outine•? 
430.17. 473.08 
473.08. 51 6.00 

Reset Legend I >• 516.00 

I~JI 8pply I 
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ln this dialog box you may change layer colors, tran parency, number of classes or 
divisions, add point captions, font sty les, etc. Using the Adv label option you may add labels to 
DTM points in the levation layer. 

Click on the Apply button and then the Close button to accept the changes. 

5.3.6 DTM Point Elevations Rendering Command (View Menu) 

Deslgl Q'ld Tools Hep 
V'ew All 

Zoom OUt Previous View 

Zoom OUtlO% 

Pan 

Layers List .. 

DTM Pont Elevatbns Rerderi"<J ... 

Track Elevation Pants 

Q'ld Element Numbers 

Q'ld Element Elevation VaLes 

Q'ld Element Mami"<J's n-Vai.Jes 

Q'ld Element Orve N.Jmbers 

Q'ld .. . 

Components 

"' Elevatkl'l Pants 

Mami"<J's n-Vai.Jes Rendering 

Grid Element Elevatkl'l Rerderi"<J 

Highlight Q'ld Element Nurrber .. . 

Cross Section N.Jmbers 

Cells Without Cross Section Numbers 

Red'aw 

To optimize di spl ay times the GDS doe not automatically create the Elevation layer. For 
certain functions, however, like the Elevation Rendering this layer is required . If the layer does 
not exist, you will get the fo llowing me age: 

fl0 ·2D Grid Developer System ~ 

i The Elevations layer hes not been created. 
Use the command 'Desl\in. Elevotion Points. Create Elevation Points layer' 

J[ OK - ll 

To create the layer, use the Create Elevation Point Layer command in the Design menu: 

Grid Tools Help 

ElevatiOn Ponts • Insert 
Q'id Element Text Style 

Channel Style ... 

• f Create Elevatirn Points Layer 

Delete Elevation Pohts fi'om Selected Area 

Area Reductirn Facta' Style ... 

After the elevation layer is created, click on Elevation Rendering again to get the dia log: 
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Elevations Rendering 

~~l aass l 

Color:-
Style: I Doss :::J 
Size: [1 

Ap~ Dose I 

The "Si11gle" tab selects a single color, style, and size for all elevations. The "Class ' tab selects a 
style (point desc1iptor) and size for the points. A palette of 256 colors is available to be assigned 
to the point elevation. 

Elevations Rendering 

Single aass I 

Style: 

Size: 

~ply Qose 

5.3.7 Track Elevation Points Command (View Menu) 

d Desig1 Grd Tools Help 

VIew All 

Zoom OUt Previous VIew 

Zoom OUt 10% 

Pan 

Layers List .. . 

DTM Pol'lt Elevations Render$ · .• 

Track Elevation Pol'lts 

Grk:l Element ~'Umbers 

Grk:l Element Elevation Valles 

Grk:l Element Mami'lg's n-Valles 

Grd Element Qrve ~'Umbers 

Grd .. . 

Coll'lXJI18f1ls 

"' Elevation Pol'lts 

Mami'lg's n-Valles Renderi)g 

Grk:l Element Elevation Renderi'lg 

Hlc;tlllght Grk:l Element ~'Umber .. . 

cross Section ~'Umbers 

Cells Without cross Section Numbers 

Redraw 
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This command queries individual tenain elevation points and display the data for the 
selected point in the tool bar point elevation box. The mouse cursor changes to the inquiry mode 
to how that thi option is ac ti ve. 

5.3.8 Grid Element umbers, Elevations, and n-values and Curve umbers Commands (View 
Menu) 

d Design Grid Tools Hep 

View All 

Zoom Out Previous View 

Zoom Out lOo/o 

Pan 

Layers List. .. 

DTM Point Elevations Rendering ... 

Track Elevati:Jn Points 

Grid Element Numbers 

Grid Element Elevati:Jn Values 

Grid Element Maminq's n-values 

Grid Element Curve Numbers 

Grid ... 

Components 

"' Elevation Points 

Manning's n-Values Rendering 

Grid Element Elevation Rendering 

Highl ight Grid Element Number ... 

Cross Section Numbers 

Cells Without Cross Section Numbers 

Redraw 

Use these commands to display grid element numbers, elevations, n-Manning's va lues or 
Curve umbers inside the gtid elements. Each command can be toggled and used jointly to 
display any of the three values. Note that if the gt·id system is large, the numbers may not fit into 
the elements. Zoom in to en large the view and to clearly see the element numbers. In each 
element, the first number is the grid element number, the second is the teHain elevation and the 
third the Manning' s n value. 

1098 1123 

4568.15 4577.08 

0.065 0.065 
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5.3.9 Grid.. . ommand (View Menu) 

Deslgl Grid Tools Help 

View All 

Zoom OUt Previous View 

ZoomOUtlO% 

Pan 

Layers List .. 

DTM Pont Elevations Renderi1g .. . 

Track Elevatioo Pants 

G"ld Eierrent Nurrbers 

Q"ld Elerrent Elevatioo Valles 

G"ld Elerrent Mami1g's n-Vall.es 

Q"ld Elerrent Ctr'le Nurrbers 

Q"ld ... 

Co~ts 

~ Elevatioo Pants 

Mami1g's n-Valles Renderi1g 

Q"ld Elerrent Elevatioo Renderi1g 

Hi<jlli<jlt Q"ld Elerrent Nurrber ... 

Cross Section Nurrbers 

cells Wilrout Cross Section Nurrbers 

Reaaw 

This command customizes the grid di splay. You have the fo llowing options: 

Grid V1cw 

r Voew whole grid 

r. v .... <:00¥>1Ao6on<ll domain~ 

r Do not view g~id 

OK Jl Cancel 
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5.3 .1 0 View omponents Commands (View Menu) 

d Deslg1 Q"ld Tools Hei:J 
VIew All 

Zoom OUt Prevrus View 

Zoom OUt 10% 

Pan 

Lay..-s List .. 

DTM Pont Elevatlc.ns Renderng ... 

Track Elevatm Pants 

G"ld Element 1-l.lrrbers 

Q"ld Element Elevatm ValJes 
Q"ld Element Mi:nlng's n-ValJes 
Q"ld Element Ct.rve 1-l.lrrbers 

Q"ld ... 

Components • 

" Elevatm Pants 

Mi:nlng's n-ValJes Renderng 

G"ld Element Elevatm Renderng 

Hkj11kj1t Q"ld Element 1-l.Jrrber ... 

a-oss Section 1-l.lrrbers 

Calls Wi1hrut a-ass Section 1-l.lrrbers 

x _Qj 

" Charnels 
" Re<i.ctlon Factors 

~ Sb'"eets 

" outflow Elements 
" Inflow Elements 

" Levees 

" DetEntion sasns 
... M.JitiJie Charnels 

" Infiltratm 
_ Red" _____________ " No Exchange Charnei-F~Ian Elements 

" Fk:l!q>lan Cross Sections 

" Hydraulic StructJ..res 

" No Exchange Charnel Elements 
v Reservot Water Elevatbns 

Wa113rst-eds 

waterro.xse Dractions 

These commands enable you to view or hide FL0-2D components. You may mix and 
match the different components depending on the desired view . 
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These are some example views of the different FL0-2D components as represented in GDS: 

Component 

Channels 

Reduction Factors 

Streets 

Outflow Elements 

Inflow Elements 

Levees 

Detention Basins 

Multip le Channels 

Infiltration 

No Exchange Channel-
Floodplain Elements 

Floodplain Cross Sections 

Hydraulic Structures 

No Exchange Cha1mel Elements 

Watersheds 

Watercourse Directions 
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5.3.11 View Elevation Points Commands (View Menu) 

Deslgl Grid Tools Help 

View All 

Zoom OUt Prevlrus VIew 

Zoom out 10% 

Pan 

Layers List. •. 

DTM Pont Elevatioos Rendering ... 

Tra::k Elevation Pohts 

Grid Element ~rrbers 

Grid Element Elevation VaUe!s 

Grid Element Mamo .;j's n-Values 

Grid Element a.xve Nurrbers 

Grid ... 

j., Elevation Poi1ts 

Manning's n-VaUe5 Renderhg 

Grid Element Elevation Rendering 

Highlkjlt Grid Element Number ... 

Cross Section Nurrbers 

Cells Witho.Jt Cross Section Nurrbers 

Redraw 

Displays elevation points assigning colors as a function of elevation. 

5.3.12 Manning' s n Values Rendering Command (View Menu) 

Will display a colored hatched pattern on the elements according to the Manning 's n value. 

Design Grid Tools Help 

View All 

Zoom out Previous VIew 

Zoom out 10% 

Pan 

Layers List .. 

DTM Point Elevations Renderhg ••. 

Track Elevation Points 

Grid Element Nurrbers 

Grid Element Elevation VaUes 

Grid Element Manning's n-VaUes 

Grid Element Curve Nurrbers 

Grid .. . 

Compcnents 

"' Elevation Pohts 

Manning's n-VaUe!s Renderi1g 

Grid Element Elevation Renderhg 

Hkjllight Grid Element ~rrber ... 

Cross Section Numbers 

Cells Witho.Jt Cross Section ~mbers 

Redraw 
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5.3 .13 Gri d Element Elevation Rendering Command (View Menu) 

iii Design Grid Tools Hep 

View All 

Zoom OUt Previous VIew 

zoom out 10% 

Pan 

Layers List .. 

DTM Pont Elevations Rerderi1g ... 

Track Elevation Pants 

Grid Element Nurri:Jers 

Grid Element Elevation Values 

Grid Element Mami1g's n-Values 

Grid Element Ct.rve Numbers 

Grid .. . 

COmponents 

" Elevation Pants 

MamiJa's n-VaUes Rerderh3 
Grid Element Elevation Rerderi1g 

Higllight Grid Element Nurrber .. . 

cross Section Nurri:Jers 

cells Without cross Section Nurri:Jers 

Redraw 

Plots colored gtid elements accord ing to the eleva ti ons. 

5.3.14 Highlight G1id Element Number. .. (View Menu) 

111\1_ Deslg1 Grid Tools Help 

VIew All 

Zoom OUt Prev ious View 

Zoom out 10% 

Pan 

Layers List .. 

DTM Pont Elevations Rerrllri1g ... 

Track Elevation Pants 

Grid Element Nurrbers 

Grid Element Elevation Values 

Grid Element Manni'lg's n-Vaws 

Grid Element Ct.rve Nurri:Jers 

Grid .. . 

Corrponents 

" Elevation Pants 

Manni1g's n-Values Renderi1g 

Grid Element Elevation Rendering 

Hkjlliglt Grid Element Nurri:Jer ... 

Cross Section Nurrbers 

Cells Wlth:Jut cross Section Nurri:Jers 

Redraw 
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Enter a grid element number in the fo ll owing dialog box to locate it in the FL0-2D grid. 

H•&hhght Gnd [!cmcnt 

When you click the Highlight button, the grid element will blink to identify it. Note that if the 
selected element number is not in the cutTent view, you may have to zoom out to see it. 

5.3.15 Cross Section Numbers ... (View Menu) 

This command displays cross section numbers for Natural Charu1els. 

Design Grid Tools Help 

VIew All 

Zoom OUt Previous VIew 

Zoom OUt 10% 

Pan 

Layers List .. 

DTM Pont Elevations Rendering ... 

Track Elevaticrl Pants 

G"id Element 1\\.Jrmers 

G"ld Element Elevaticrl Values 

G"id Element Manning's n-Values 

Grid Element Ctrve 1\\.Jmbers 

Grid ... 

Components 

"' Elevation Points 

Maming's n-Values Rendering 

Grid Element Elevaticrl Rerdering 

Hlghllglt Grid Element 1\\.Jmber ... 

Cross Section Numbers 

Cells Without Cross Seeton 1\\.Jmbers 

Redraw 
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5.3.16 Cells Without Cross ection umbers ... (View Menu) 

d Deslg1 Grid Tools Hell 
View All 

Zoom OUt Previous View 

ZoomOUtlO% 

Pan 

Layers List .. 

DTM Pont Elevations Renderrg ... 

Track Elevation Pohts 

Grk:l Element Numbers 

Grk:l Element Elevation Values 

Grk:l Element Mamrg's n-Values 

Grk:l Element C<rve 1\llmbers 

G"k:l ... 

CO"lJJO18flts 

-1 Elevation Points 

Mamrg's n-Values Renderrg 

Grk:l Eement Elevation Renderrg 

Hi;flliljlt G"k:l Element Number ... 

CrOSS ftrtm rympers 
Cells Wlthlut Cross SectiJn Numbers 

Redraw 

This command disp lays natural channel grid elements that do not have any assigned eros section . 

5.3. 17 Redraw Command (View Menu) 

Deslg1 Grk:l Tools Hell 
View All 

Zoom OUt Previous View 

Zoom OUt 10% 

Pan 

Layers List .. 

DTM Pont Elevations Renderrg ... 

Track Elevatlctl Pants 

Grk:l Element Numbers 

Grk:l Element Elevatlctl Values 

Grk:l Element Mamrg's n-Values 

Grk:l Element Clrve 1\llmbers 

Grk:l ..• 

Co "lJJO18flts 

.- Elevatlctl Pants 

Mamrg's n-Values Renderrg 

Grk:l Element Elevation Renderrg 

Hlghli;flt Grk:l Element Number .•. 

Cross Section Numbers 

Cells Without Cross Section Numbers 

Redraw 

U e this command to redraw the visib le objects in the working region . 
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5.4 Design Menu Commands: 

m Q-ld Tools Hep 
Elevatbn Pants 

Grid Element Text Style 

Charnel Style ... 

Area Reductbn Fador Style ... 

5.4.1 Elevation Points/lnsert Command (Design Menu) 

all Grid Tools Help 

Elevat1on Po1nts • 

Grid ElementText Style 

Chamel Style ... 

Area Reductbn Factor Style ... 

Insert 
CreatE Elevation Poilts Layer 

DeletE Elevation Pants from Selected Area 

lc 

Use thi s command (or the~ icon) to insert elevation data at selected points within the 
working region. To use this tool: 

1. Select the Elevation Points/Insert command (Design menu) or the tool bar icon • and 
click the left mouse button . 

2. A dialog box appears for the elevation entry in feet or meters. Click 'OK ' to accept the 
value . 

Elevation Points 

Floodploin elevation l425ij 
{feet~ 

.QK !;ancel 

3. Click a point on the working region where you want to ass ign thi s elevation data. 

4. Repeat step 3 as many times as needed . 

5.4.2 Elevation Points/Create Elevation Points Layer Conm1and (Design Menu) 

Grid Tools Help 

Grid Element Text style 

Chcnrel Style ... 

Area Reduction Factor Style ... 

To optimize display times, GDS does not automatically create the Elevation layer. Use 
thi s command to create the elevation point layer. 
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5.4.3 Elevation Points/Delete Elevation Poin ts from Selected Area Command (De ign Menu) 

nn Grid Tools Help 

Elevat1on POints • 

Grid Element Text Style 

Chamsi Style ... 

Area Reductbn Factor Style .. . 

Insert 
create Elevatoo Pants L er 

Delete Eleva!bn Pants !Tom Selected Area 

This command deletes elevation data points within the working region . To use this tool: 

I . Select the Elevation Points/ Delete Elevation Points from Selected Area command 
(Design menu) and click the left mouse bu tton. 

2. The fo llowi ng dialog box appears: 

Fl0 ·2D Grid Developer System ~ 

. 
I Click OK and then draw a polygon to enclose DTM points to delete 

OK Cancel 

3. Draw a polygon ending with a doub le click to close the polygon . 

4. Cli ck 'OK ' to delete the points ins ide the polygon. 

5. To save the edi ted DTM points fi le, cli ck on the ave Eleva tion Points command : 
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Ill View Design Grid Tools Help 

New Project 

Open .TOP Project ... 

Open Existh;J FL0-20 Project.. 

Save . TOP Project .. . 

Save R.0-20 Files .. . 

RlJ1 R.Q-20 ... 

RlJ1 Mapper 

RlJ1 PROFILES 

Run RAIN 

Create FPiain.Dat and CadPTS.DAT 

Import Image 
Import Elevation Points 

Import Shape File ... 

Import Rain Arclnfil ASCll Grid File .. . 

Import HEC-RAS Channels .. . 
Import CAD Graphic Elements ... 

Save Elevation Poilts .. . 

Export .. 

Exit 

5.4.4 Grid Element Text Style Commands (Design Menu) 

Area Reduction Factor Style .. . 

x l n l 
Element Number Text Style 

Element Elevation Text Style 

Element n_Mannir'Y;j Text Style j 
Use these commands to edit the text styles for the grid element number, elevation, or 

Manning ' n-value. 
.. Gnd £IC!ment Number 1 cKt Style ~ 

r 

r 

Fort?JopertiM. 

You can set the relative position of the number in the square g~id element (upper, middle or down 
positions). TI1e Font Properties . . . button allows you to change, font type, style, si ze, etc . 
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5.4.5 Cham1el Style (Design Menu) 

llm!ll Grid Tools Help 

Elevation Points 

Grid Element Text Style 

Chamel style ... 

:.:J 

Area Reci.Jction Fae1Dr Style .. . 

This command will change the line width used to represent channels. The GDS displays 
this dialog box to set the line width: 

"' Cha nnel Segments Style ~ 

Q_K 

Click on Apply and then 'OK ' to change to the selected channel line width display 

5.4.6 Area Reduction Factor tyle (Design Menu) 

~ Grid Tools Help 

Elevation Points 

Grid Element Text Style 

Cbarpel Stvte 

Area Reduction Factor Style ... 

To change the display of area reduction factor in a grid element, chose from Solid, 
Hollow (with boundary disp lay of different pen widths) or Hatched rendering with various 
hatching options . 
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Area Reduct10n filctors Style 

Areo reduction foctors style: I Hotched O::J 
Areo reduction foctors hotch type: I DiogCr"'s O::J 

Areo reduction r odors pen width: r 
QK j jQPP~ Jl ~once! 

Click on Apply and then 'OK ' to change to the selected Style. 

5.5 Grid Menu Commands: 

5.5. 1 Create Grid Command (Grid Menu) 

• Tools Help 

CreatE Grid 

Select 

Assign Paramelers to Selectoo 

InlerpolatE Elevatbn Ponts 

Compute Green-Ampt Paramelers ~ 

Compute Maming CoeffiCients .•. 

Compute SCS Curve Number 

Defne Boundary Gr id Elements 

Setup Computatbnal Area 

CreatE Grid Layer ____ _.. 

Use this command to create the grid system template of square elements fo r the FL0-2D 
model. To use the Create Grid conu11 and : 

I . Select the Create Grid command (Grid menu). 

2. A dialog box appears requesti ng the square grid element size or side length (ft or m): 

Gnd Uemf.!nl Size 

Grid Eiemerot Sileffeet~ r;ocr--

3. Select 'OK ' to accept the value. 

4 . The GDS system will automatica lly overlay a grid template that is centered in the working 
region. The grid elements wi ll be centered on each node . 
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5.5.2 Select/Grid Element Command (Grid Menu) 

• Tools Help 

Create Grid 

Select • 

Assign Parameters to Selectioo 

Interpolate Elevation Pants 

Grid Elements Defned by Polygon 

Inner Grid Elements 

UnselectAII 
Compute Green-A~! Parameters • .-----

ComPJte Maming Coeffw::ients ... 

Comp.Jte SCS CUrve Nurrber 

Defne Boundary Grid Elements 

Seb.Jp Co~utatlona l Area 

Create Gr ld Layer 

Use this command (or the~ icon in the tool bar) to select one or more gri d elements. 
The selected element are shown as cro s-hatched with diagonal lines. With the Assign 
Parameters to Selection command, you can assign attribute va lues to the elected grid elements. 
To use the Select I Grid element command : 

1. Choose the Select/Grid element command (Grid menu). 

2. The cursor changes to a cross . 

3. Mouse click on the grid element you want to select. 

4. Repeat step 3 fo r each selected element. 

To unselect previously selected elements, simply click on them aga in . To select a group 
of elements, press the Shift key simultaneously with the left mouse button and drag the mouse 
pointer over the desired element . To unselect a group of elements press the Control key and the 
left mouse button, then drag the mouse pointer over the elements you want to unselect. When 
dragging the mouse over the grid elements, they are painted to indicate your selection. After a 
g~id element or g~·oup of elements is selected, you may use the A ign Parameters to Selection 
command to assign various atttibutes to the selected elements . 

5.5 .3 Select/Grid Elements Defined by Polygon Command (Grid Menu) 

~Tools Help 

1_ Create Gr ld 

Select • Grid Elements 

Assign Parameters to Selection 

Interpolate Elevation Pants 

•I Grid Elements Defned by Polygon 
!mer Grid Elements 

Compute Green-Ampt Pa-ameters • 
Unselect All 

Compute Maming Coefficients ... 

Compute SCS CUrve Nu rrber 

Defne Boundary Grid Elements 

Seb..IJ Co~tional Area 

Create Gr ld Layer 
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This command (or the~ icon in the tool bar) will select al l the grid elements within a 
user defined polygon. Attri butes can then be assigned to the selected element using the Assign 
Parameter to Selection command. 

5.5.4 Select/Inner Grid Elements Command (Grid Menu) 

• Tools Help 

Create G"id 

Select • 

Asslg1 Parameters to Selection 

Interp::llate Elevation Pants 

Q"ld Elements 

G"Jd Elements Defned by Polygon 
Inner Q"id Elements 

Unselect All 
Compute Q"een-Arrpt Pa-ameters • r-----------
Compute Maming Coefficients ... 

Compute SCS Curve Number 

Define Boundary Grid Elements 

Setup Computational Area 

Create Q-Jd Layer _____ __. 

Thi command will select all the grid elements within the computational domain and 
hatch them with diagonal lines. Use the A ign Parameters to Selection command to assign 
vmious atttibutes to the selected elements . 

5.5.5 Select/Unselect All Command (Grid Menu) 

• Tools Help 

Create G"id 

Select • 

Asslg1 Parameters to Selection 

Interpolate Elevation Points 

Q-Jd Elements 

Q-Jd Elements Defned by Polygon 
!mer Q-Jd Elements 

Compute Green-Ampt Parameters • ILt-i_un_ se_ le_ct_A_II ___ ~'!-"-~J 

Compute Manning CoeffiCients ... 

Compute scs curve Number 

Defne Bm.ndary G"Jd Elements 

Sei4J Computational Area 

Create Q"id Layer 

This command will unselect all the elements previously selected with the Select 

command . The toolbar icon~ wi ll also perfom1 this function. 

5.5.6 Assign Parameters to Selection/Elevations Command (Grid Menu) 

73 



• 

• 

• 

EEl Tools Help 

Create Grid 

Selel:t 

+++11.l.J¥1Fil.l§.¥i··Mi'i.lr tl Elevations 

Maming CoeffiCients 
Interpolate Elevation Points 

Compute Green-Ampt Parameters ~ 

Compute Manning CoeffiC ients ... 

Compute scs curve Number 

Define Boundary Grid Elements 

Seb.Jp Computational Area 

Create Grid Layer 

Area and Width Reduction Factors 

Levee 

Multiple Channels 

Infuw/Outflow Condition 

Infi ltration 

No Discharge Exchange 

Time-Var iant Groundwater Head 

Rigid Bed Element 

With thi s command you can assign an elevation to grid elements that have been selected 
using the Select command. Upon se lection, a dialog box appea rs prompting you to enter an e 
elevation. Click 'OK' to assign the elevation to all the selected elements: 

Assign Elevation 

Floodplain elevation 1412!1 
[feett 

QK 

5.5.7 Ass ign Parameters to Selection/Ma1U1ing's Coefficient Command (Grid Menu) 

~Tools Help 

Create Grid 

Select . · --

InterpolaiB Elevation Points 

CompuiB Green-Ampt Parameters ~ 

CompuiB Manning Coefficients ... 

Computs SCS CUrve Nurrber 

Define Boundary Grid Elements 

Seb.Jp Computational Area 

Create Grid Layer 
---~ 

EJeyatlpos 
Maming Coefficients 

Area and Width Reduction Factors 

Levee 

Multple Charnels 

Infuw/Outflow Conditbn 

Infiltration 

No Discharge Exchange 

Time-Variant Groundwater Head 

Rigid Bed Element 

A Manning 's roughness coefficient (n-va lue) is assigned to the grid elements previously 
selected with the Select command. A dialog box appears prompting you to enter then-va lue: 

Assign Manmng Coefficient 

Maming coefficient lo.04Ej 

QK !;oncel 
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5.5.8 Assign Parameters to Selection/Area and With Reduction Factors Command (Grid Menu) 

lllill Tools Help 

Create Grid 

Select 

Assogn Par a meters to Select1on • Elevations 

Mami1g CoeffiCients 
Interpolate Elevation Poi1ts 

J Area and Width Reduction Factors 
Compute Green-Arrpt Parameters ' Levee 

Compute Mamng Coefficients ... 

Compute SCS CliVe N..urtJer 

M.J ltple Chame Is 
Inflow/Outfbw Condition 

Infiltration 
Def~ne Bou(IC!ary Grid Elements 

Setup Computational Area 

No Discharge Exchange 

Time-Variant Groundwater Head 

Rigid Bed Element 
Create Grid Layer 

This command is used to assign area and width reduction attributes to the selected grid 
elements. A dialog box appears prompting you to enter the Area Reduction Factor (ARF) and the 
Width Reduction (WRF) factors: 

Reduction factors (Element 32) 

Element Number: 132 

Ale• Reduction Foetor IARFt 
(70Y. surface 01eolou: ARF• 0.7) 

Width 1eduction foetor (WRF) 

N NE 

jOT-::::! [0:33 
jOT-::::! E 

10""3 
SE 

.QK ~ncel 

After clicking 'OK ', the a igned ARF and WRF values will appear graphically as follows: 
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The colored cells indicate varying levels of storage loss (ARF values). The colored lines reflect 
the varying levels ofWRF flow direction blockage. On ly four of the eight potential directions 
(N, E, NE, SE) for each grid element need to be assigned to identify complete blockage. The 
other 4 directions are assigned to contiguous grid elements. It is not necessary to identify the 
blockage in both direction (e.g. E and SW). The user may double click on any cell to change 
the area or width reduction factors. The following dialog box appears: 

Atnbutes of Grid Element Number 3299 

Floodplom elevobon (feeQ: js.9 

Manning coeffia ent 10.065 

Element size (feet) 
Detta X: jlOO 
Detta Y. r.jl""oo __ _ 

Beduction Fodors . Multiple Channel... 

Levee ... Street Element.. 

jnfiltration . I r Do not share discharge With 
------'· the floodplo1n 

MDDFLG-20 . I 
.___Q_K _ _,I Cancel 

Cli ck on Reduction Factors button to change the factors using this dia log box . It should be noted 
that each grid element can share di scharge in eight directions. The g~id element can be 
considered to be an octagon and each WRF factor refers to the percent blockage of one of the 
eight sides. The maximum ARF val ue is 0.95 unles the grid element is totally blocked (Check 
box Completely Blocked Cell) . This insures that at least 5% of the g~·id element i left for flow 
storage. For ARF values greater than 0.95 , the model will reset the ARF to 0.95. To tota lly block 
out a grid element with zero storage, check the box Completely Blocked Cell in the dialog box. 
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5.5.9 Assign Parameters to election/Levee ommand (Grid Menu) 

Tools Help 

CreatE Grid 

Select .} 
Ass1gn ParametErs to Sei!?ct1on • 

IntErpolatE Elevatim Poi1ts 

Elevations 

Mamng Coeffi:lents 

Area and Width Reductim Factors 

CorrputB Green-Ampt ParametErs • Levee 

~~~--~------~ CorrputB Manni1g CoeffiCients... Multiple Charrels 

CorrputB SCS Curve Number Inflow/Outflow Cmditlon 
Infiltratim 

Defne Boundary Grid Elements No Discharge Exchange 

Seb.p Computational Area Time-Variant Grourdwatar Head 
Rigid Bed Element 

CreatE Grid Layer 

Use this command to assign levee and levee failure parameters to the elected grid 
elements. A dialog box will appear with the grid element floodplain elevation across the levee in 
that flow direction for reference. When you click on a check button to set up a levee for each 
selected direction (NW, and E in the below dialog box), a text box wi ll appear j ust below 
each direction to input the levee crest elevation. Note that the levee crest elevation mu t be 
higher than that of all surrou nding elements floodplain elevation. Obviously, it isn ' t necessary to 
specify a levee in a given flow direction is the levee crest elevation is lower than contiguous grid 
element floodplain elevation . 
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Levee pdrdllleters (Element 5373) 

Global Cood<iom 
Glob.! failure 

lnct'emerial tnCie&e mode: 
in crett elevation lOt ,.,----

ol levee elemeru: JO 

Globe! Failure Mode 

r No Feilure r Prescrbed Failure r. Breach Feiur 

Open Breach Dioliog J 

Levee~a 
Floodplein elevolion (feet~ 

Flow ci'ection Cliolf and levee crest elevolion 

~ ~ 
r NO!thWest 1;1 NO!th 

r;-
~ 

r wes~ 
~ 

r SouthWMt r south 

Assign levee crest elevation 

Assign to a1 I r-
Assign to selected I 

r Levee loik.reiO! 1M ci'ectioo (East) 

QK 

Each data entry is described below: 

~ 
1;1 NorthE..t 
r;-
r;; East ros-r;-
r SouthEast 

Select diections 

Select ol 

Unselect ol 

Incremental increase in ere t elevation for all the levee nodes (RAISLEV) 

Global incremental increase in levee crest elevation (ft or m) for all the levee grid 
elements. 

Global Failure Mode provides two modes of fai lure: 

Prescribed.fa ilure where you may provide predetennined breach data in the bottom part of 
the dialog, or 

Breach failure where the model simulate the breach erosion from overtopping or piping. 
In thi ca e, breach parameters should be entered clicking the Open Breach Dialog button . 

Flow direction cutoff 

Check bu ttons to define the flow direction (of the 8 possible overland fl ow directions) that 
wi ll be cutoff by a levee. 

Levee Crest Elevation (LEVELEV) 

Elevation (ft or m) of the top of the levee. 

Assign to all button __ A_ss_i.;;...gn_t_o_e._ll _ _, 

Assigns the cutoff flow direction and levee crest elevation to all selected g~id elements. 

78 



• 

• 

• 

, ., , . d. , . -p- rceve·e-iO:iTure-i"Ci·;-ifiE;-dir.eCiiiJril 
Levee .1m ure.;or /Ius " ectwn box '··-···-···-···-···-···-········-·-·······-···-·-···-·-···-···-···' 

Enables input parameters to be assigned for levee presc1ibed failure modeling for the 
selected direction. 

Elevation of pre cribed failure 

Assign the maximum water surface elevation at failure (F AILEVEL) if is different than the 
levee crest (LEVELEV). This enable the levee to fail prior to being overtopped. Set the 
FAILEVEL variable to zero to simulate levee failure when it is overtopped . 

Duration (hr) forfailure after failure level i exceeded (FAIL TIME) 

Duration in hours until levee failure after the FAILEVEL elevation is exceeded by the flow 
depth . et this variable to zero if the level fails immediately when overtopped or when 
F AI LEVEL is exceeded . 

Ba e elevation ofleveefailure {fd{fferent fromf!oodp!ain elevation (LEYBA E) 

The final ele ation of the levee after failure is completed. This enable the levee to fail to 
an elevation that i different from the floodplain elevation. Set thi s va1iable to zero if 
levee fai lure results in the complete levee failure to the floodplain elevation . 

initial levee breach width (FAIL WIDTH) 

The initial flow width (ft or m) oflevee failure. This flow width relates to one of the eight 
flow directions and should be Jess than the length of an octagon side (length of the side of 
a grid element x 0.4142) . 

Vertica l rate of levee breach opening (F AJLRA TE) 

The rate of vertical levee failure (ft/hr or m/hr). 

Horizontal rate of levee breach opening (FAIL WlDRA TE) 
The rate at which the levee breach widens (ft/hr or m/hr). The breach stops increasing if 
the breach exceed the grid element width for that direction. 

The following rules govern the levee data base: 

I. The rules for the levee failure are: 

a. If the levee fails when overtopped by the flow, et FAILEVEL and FAIL TIME= 0. 

b. If the levee is to fail at specified level below the top of the levee, set FAILEVEL 
equal to the failure eleva tion . 

c. If the levee is to fail at a specific level below the top of the levee after being 
inundation for a specific duration, assign appropriate va lues to both the F AILEVEL 
and FAIL TIME va riables. 

d. If the levee fails to a new base levee that is different than the floodplain elevation, 
assign an appropriate elevation to LEVBASE. 

e. After levee failure, flow will discharge through a breach width of FAIL WIDTH for 
that flow direction . 

f. Progress ive levee failure is s imulated by assigning a value to either FAILRA TE (ft/lu
or m/hr) F AILWIDRA TE (ft/lu· or m/ hr) or both . A new levee ere t elevation or 
failure width is computed a failure proceeds. F AJLRA TE is a vertical rate of 
decrease in the levee breach elevation . 
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2. o multiple channel will be assigned to grid elements with levee . Multiple channels in 
a levee g~id element are eliminated automatically by the model. 

3. Each levee grid element can have up to eight failure directions. Note that the fa ilure with 
wi ll be based on an octagon with is 0.4142 times the side length of the grid. 

4. Flow over a levee is computed as broad crested weir flow using a coefficient of 2.85 until 
the tail-water depth is 85% of the headwater depth at which point the flow reverts to 
overland flow based on the water surface elevations on each side of the levee and the 
flow depth over the levee. 

The user may also double click on any cell to edit the levee data and the following dialog box 
appears: 

Atributes of Grid Element Number 3327 

Floodploi"l elevotion [feet): !14691 .58 

Monring coetr~eiere jo.o75 

Deko X: j 50 
DeftoY: r.j50,----Element size (lee!~ 

f!eddion Foctors... M~ Chomef. .. 

levee. .. 

Jrllt•otion.. I r Do nol shale discha!ge with --=--------'· the lfoodploin 

l!K 

Click on the Levee button to access the levee dialog box. 

5.5.1 0 Assig11 Parameters to Selection/Multiple Channels Command (Grid Menu) 

• Tools Hep 
CreatE Grid 

Select 

Ass19n ParametErs to Selection • 

lnlerpolale Elevation Points 

Elevatla1s 

Mamng CoeffiCients 

Area and Wid1h Reduction Factors 
Comp..JIE Green-Ampt ParametErs • ,.....L.,..ey,..e"':~~, ________ _,, 

Mult;le Charnels Comp..JIB Mamln;:~ coeffiCients... -
Comp..JIB scs CUrve Nurrber Inflow/Outfbw Condition 

Infiltration 
Defne Boo..n:lary Grid Elements No Discharge Exchange 

Setup Computational Area Time-Variant Groundwaler Head 
Rigid Bed Element 

Creale Grid Layer 

This command is used to define multiple channels that simulate 1ill and gully flow on the 
floodplain. For thi component, concentrated rill and gully flow (flow in rectangular channel) 
rather than overland sheet flow wi ll be simulated to route the flow between designated floodplain 
gJid elements. The following dialog box i used to input the multip le channel data: 
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Mulhple Channel (Roll ond Gullic•J 

Globo/~chamelwidth: ro--
Giobo/..........,doptlo: ro--

Giob.> runbef ol ~ ckaMeloc ro---
Giob.> ....,q,lo chomel Mannong"c n-vai.Jer. ro---

51"101e Node Ae,;,K>m 

a-el width: ro-
M.,......dePih: ro--

N...-be<olmo.JIC>Iechomeb: ro-
Mannong"• n-vai.Je: ro--

The upper group (Multiple Channel Global Parameters) consists of globa l parameters for the 
assignment of multiple channel attributes including the incremental width increa e, multiple 
channel width and depth, number of channels per grid element, and n-value . The second group 
(Single Node Revi ion) of parameters is for the assignment of mu ltiple channels to individual 
g~id elements . 

If a gully fi ll s with water and is about to overflow, it is assumed that the gully is an 
alluvia l channel and will widen to accept more flow. Thus when the flow depth exceeds the 
assigned maximum gu lly channel depth , the model increases the gully width by the incremental 
width . Once the flow is in a gully, the gu ll y will not overflow back onto the floodplain , but rather 
will continue to widen until the gully is wider than the g~id element or until there is no more 
overland storage area left in the grid element. The flow routing wi ll then revert to overland sheet 
flow in that element. The fo llowing rule goveming the assig~1ment of the multiple channel data: 

I. When the flow depth exceeds the multiple chann el (gu lly) depth , the flow width of the 
gully is increa ed by the incremental width. 

2. If it is desired to force the flow to stay in a channel of fixed width , set the incremental 
width equa l to zero. 

3. The total flow width is detem1ined by multiplying the number of channels in each g~id 
element by the appropriate width. 

4. If the number of multiple channel assigned in a grid element is set equal to zero , then the 
overland sheet flow without multiple channels is a sumed. 

5. The va lues given in the single g~·id elemen t data g~·oup will supersede those in the global 
parameter group. 

6. If a g~·id element is assigned multip le channels and, in addition, contains a main channel 
or building (ARF value) , such that the availab le floodplain surface storage area isle 
than 50% of the original grid element surface area , then the model will reset that multiple 
grid element to overland sheet flow (i.e. no multiple channels). Multiple channel flow 
will not be simulated in the g~·id elements with streets and the model will automatica ll y 
eliminate any multiple channels in grid elements with streets. The available surface area 
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in a grid element can be reviewed in the SURFAREA.OUT output file. 

5.5.11 Assign Parameters to Selection/Inflow/Outflow Condition Command (Grid Menu) 

dll Tools Help 

CreatE Q"ld 

Select ') 
Assgn Par a metErs to Selectron • Elevations 

Mannirg Coeffbents 

Area and Width Reduction Factors 
lniEq:XJiaiE Elevation Pants 

CompJIE Q"een-Ampt ParametErs • Levee 

CompJIE Manning CoeffiCients ... 

CompJIE scs CUrve Nurroer 

Multiple 01annels 

, J Inflow/Outflow Condition 

Infl11Tatlon 
Define Boundary Grid Elements No Discharge Exchange 

Setup Computational Area Time-Variant Q"oundwater Head 
Rigid Bed Element 

CreatE Q"ld Layer -

--------------~) 

Use thi s command to define inflow and outflow elements in selected grid elements. The 
flowing dialog box allows editing these boundary conditions: 

In/Out Condition for Grid [Iemen! 8616 

5.5.1 1.1 Setting inflow nodes 

r. [niiOWe~ment ;:th hl!!~~e!:i 

r Outflow elemenl (no l:Jydlogoph) 

r Outflow element Mh f¥iogroph [diversion) 

r .Quttiow element with stage-time relo!ionship 

r Outflow element with st--time ond tree 
ltoodplail.ond ch.nnel 

r F~ r. Channel r 

r Channel outllow element [with stoge-dischorge) 

r tjo ilflow/ooUiow condition 

H)ldrograph [F20_TO_GDS_ 3.HYO) 

B.ead 

.1 
.13 
.17 

','iewGroph J ~ 
ln~iol time r ..... , time 

.QK !:;once\ 
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Clicking the first radio button will assign an inflow hydrograph to a grid element. If 
there is a channel in the selected element, you can assign the hydrograph to either the channel or 
the floodp lain. When the user elects the radi o button 'Inflow element with hydrograph ', the 
'Hydrograph ' data group is activated. The "Read'' button displays a dialog box to import a 
hydro graph with HEC-1 , Tape21 , HYD or ASCII files fo1111ats: 

Hydrograph File 

5 elect hydrogr aph file type 

r. ([E_c~LTI!e.l 
r IAPE21 rae 
r H:tD file 

r t\SCII fie 

.QK ~ancel 

The HEC-1 file option will display all the hydrographs at basin concentration points in a Corps of 
Engineers HEC- 1 hydrologic model output fi le. The user can select an inflow hydrograph from 
the HEC- 1 file: 

Select Basin 

lUI @i 

.QK J;ancel 

After selecting the HEC-1 hydrograph and clicking 'OK ', the hydrograph data are loaded in to the 
Hydrograph group table in the above dialog box. 

* .HYD files are ASCII files generated by the GDS to save the hydro graph data. They are created 
with the "Save Table" button. The first line contains the initia l and fina l time of the hydrograph 
selected with the "Select Time Interval" button. The time and di scharge di screti zed hydrograph 
pairs fo ll ow in two columns of data . These fi les can be used to: 

• Recover the hydrographs when a project is read from a TOP file ; 

• Redefine the project area when the INFLOW .DAT becomes obsolete because the grid 
element numbers change. The * .HYD files enable the hydro graphs to be recovered for 
assignment to new grid elements. 

• *.HYD fi les pem1anently store hydrographs that could be imported to other projects or 
g~id elements in the same project. 

The "Edit Table" button can be used to edit hydrograph va lues, insert rows, delete rows, 
or sort rows in ascending order (time column). This button a displays an editor di alog box: 
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Hydrograph 

[ 

0.17 
0.25 
0.33 
0.42 
0.50 
0.58 
0.67 
0.75 
0.83 
0.92 

Assign this~ alue to 
Selection: 

Agd Row Above 

Add Row ]lelow 

Remove flow 

Remove All 

QK 

Cut and Paste 

~op~ Current 
Row 

C~ar Column 

C]ear Row 

~ancel 

Paste to Selected 
- Rows 

Clear8H 

The " View Hydro graph" button of the above In/Out Condition dialog box plots the hydrograph in 
the fo llowing window: 

Hydrograph 

18000 

16000 

14000 

~ 12000 

~ 
~ 10000 

" ;:; 8000 

6000 

4000 

2000 ..J 

~----~~~~------2 . 5 5.0 7 . 5 10 .0 12.5 15 . 0 17 . 5 20.0 22.5 

Time 

124.92 

Frnal Time 

I f'lYiew Time.il lo 
II - lnte~voi Jl ln<ial Time 

QK .Cancel 
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The user may select the initial and final time for the inflow hydrograph. For example, selecting 
Initial Time = 10.0 hour and Final Time = 16.0 will redefine the hydrograph limits and in thi s 
eliminate a number of unnecessary zero values on the ri sing and fa lling limbs of the hydrograph. 

Inflow grid elements with assigned hydrographs are di spl ayed in GDS with a distinct 
color for identification. When the user selects "No Inflow/Outflow condition" and clicks 'OK ', 
the g1id element recovers its original color to indicate the absence of an inflow or outflow node. 
Inflow nodes and the linked hydrographs will be written to the INFLOW.DAT file . Outflow 
nodes are assigned though the option "Outflow element (no hydrograph)". The li st of outflow 
nodes will be written to the OUTFLOW.DAT file. 

Initial Assignment of Hydrograph 

The initial assignment of hydrographs to inflow nodes has three options: 

1. Project is created from FL0-2D project ( GDS command "File. New Project from FL0-
2D Project"). In thi s case INFLOW .DAT is used by the GDS system to assign 
hydrog1·aphs to pre-selected g1id elements. 

2. Project is read from TOP ( GDS conunand "File. Open Project" ). The new TOP will 
include references to *.HYD fi les that are related to glid elements defined by the user. 

3. All other methods of creating a project. The user wi ll be required to create the grid 
system and then later right-click on the selected inflow nodes to assig11 hydrographs as 
described above. 

5.5.11.2 Setting outflow nodes 

These are the options for ou tflow nodes: 

Outflow element (no hydrograph): This option can be assigned to the floodplain , to the channel 
(if there i a channel in the selected element), or to the combined floodpl ain and cha1mel. 

r !nllow element WKh hyd!o!llaph 

r. ~§~~!:..~tToo~~T~ 

r Outflow element wKh ~drograph (diversion) 

r .Q<.tflow elemerl with stage·time relationshp 

r 0 utflow elemerl wKh sta<;IO·time and free 
flclo¢1ain and channel 

I Floodplain CO Channel r ~~,m and 

r .Channel o<.tflow element (with stage·discharge) 

r No infk>w/outflow condition 

For this outflow assig1unent, the outflow nodes di scharge all the inflow to them off the glid 
system using an approximate nom1al depth flow condition. The outflow node is essentially a 
sink. 

Ou(flow element with hydrograph (diversion): Use this option to model an outflow hydrograph 
from the g1·id element. 
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r Jnllow element with hj>dfograph 

r Outflow element (no !Jydlogaph) 

r. ;Outflow element ...th §oga~vers100) 

r Qutflow element with stage4ime relatiomt;p 

r Outflow element with stoge-lime and free 
floodplain and channel 

r Floodplain r. Channel r 

r (;hamel outflow element (with slage-dischaige) 

r t! 0 irllow/outflow condition 

Ou(flow element with stage-time relationship: This grid element condition applies only to 
floodplain or channel but not both. 

r !nllow element ...;th hj>dfogaph 

r Outflow element (no !Jydlograph) 

r Outflow element...;th hydrograph (aversion] 

r. [Qutflow element w<h stage-lime relatiO@il 

r Outflow element with slage·lime and free 
floodplain and channel 

r Floodplain r. Channel r 

r g,.m.l outflow element (with stage-discharge) 

r t!o inflow/outflow condition 

Use this water surface control to simulate flooding from stom1 surges/ tsunami s or any type of 
water surface elevation control such as tidal effects or temporally va1i able backwater conditions. 
For example, you can model the flooding in a coastal area produced by stonns surges generated 
by tropical stonns, hurricanes or tsunamis where the ocean stage rise and fall has a limited 
duration . This condition can be assigned to nodes along the coastal boundary to imulate ocean 
flooding in an urban area . The grid element with a stage-time relationship is not assigned as an 
outflow node and does not have to be at a boundary. This condition can also be used to a sign a 
downstream water surface control that might be required for a FEMA Flood Insurance Study . 
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Ou(flow element with stage-time and free floodplain and channel: 

r !nllow element with hyciogroph 

r Ql.(flow element (no ]lyaogroph) 

r Outflow element with hydfogroph (divenion) 

r Qutflow element with st--t;,., relotiomhip 

r. ~oge-trneoiidlr, 

r ~I outflow element (..oth stage-discharge) 

r J:!o inflow/outflow condition 

This outflow condition is a combination of the stage-time relationship and outflow node 
for the either the floodplain or channel. In this ca e, the water surface elevation is temporally 
controlled by the stage-time relationship, but any inflow to the floodplain or channel is 
discharged as an outflow node. This enables an overland stonn surge or tsunami wave to drain 
back to the ocean in the same grid element when the surge wave is retreating. 

Channel ou!jlow element (with tage-dischwge): 

r Jnllow element with hydfogroph 

r Ql.(flow element (no ]lyaogroph) 

r Ol.(flow element with hydfogroph (diversion) 

r Ql.(flow element with stage<;,., relotionsfip 

r Ql.(flow element with stage<;,., and free 
floodplain and ch«-onei 

r r 

r. ~outflow element (..oth stoge-dischorgej 

r t!o nlow/outflow ccndition 

Use thi s option to assign a stage-discharge relationship to the channel. In this case, the 
channel outflow di charge will be controlled by as igned stage discharge pairs to simulate a weir, 
culvert or other water surface hydraulic control. 
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5.5.1 1.3 No inflow/outflow condition 

r ]nllow elemenl with ~ogroph 

r Outflow element (no bYQogroph) 

r Outflow element with hydrogroph (dive~mnl 

r Qutflow element w(h stage·time lelatiomllp 

r Outflow element w«h stoge-tine ond f1ee 
lloodploi1 and chonnel 

r r 

r Qlonnel outflow element (with stoge.dischoige) 

r. !NOiiiilowl ootflow conditicii1 

Use this option to clear all inflow or outflow boundary conditions in the selected g1id 
element. In this case, there is no assigmnent of inflow or outflow for the grid element. 

5.5 .12 Assign Parameters to Selection/lnfiltration Command (Grid Menu) 

• Tools Help 

Create Grid 

Select 

Ass1gn Parameters to Select1on • 

Interpolate Elevati:Jn Points 

Compute Green-Ampt Parameters ~ 

Compute Manning CoeffiCients ... 

Compute SCS Ctrve Number 

Define Boundary Grid Elements 

Setup Computatiooal Area 

Create Grid Layer 

Elevations 

Mamn:J CoeffiCients 

Area and Width Reduction Factors 

Levee 

IVkJitiple Channels 

No Discharge Exchange 

Time-Varlcnt Groundwater Head 

Rigid Bed Element 

Use thi option to assign infiltration data to the selected grid elements in the fo llowing 
dialog box: 
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lnfillrdliuro (flcmcnl 15()4) 

lrfitrotion Method 

r Green-Ampt r. @cs Curve NU!i'bel 

Global SCS Curve Nurrber: ~ 

r 

5.5.13 Assign Parameters to Selection o Discharge Exchange Command (Grid Menu) 

ii!ll Tools Help 

Create Q-id 

Select 

Ass~gn Parameters to Selectron • 

Inter~late Elevation Pants 

Compute Green-Ampt Parameters • 

Compute Mamh g Coefficients ... 

Compute SCS Ctrve llllmber 

Define BOU'ldary Grid Elements 

Setup Computatbnal Area 

Create Q-id Layer 

Elevations 

Mami1g Coefficients 

Area and Width Reduction Factors 

Levee 

Multiple Charnels 
Infbw/Outflow ConditiOn 

Infiltration 

No Discharge Exchange 

Time-Variant Q-oundwater Head 

Rigid Bed Element 

U e this command to identify channel elements that will not exchange discharge with the 
floodplain (e.g. channel culvert or enclo ed channel where no floodplain inflow can occur). 

5.5.14 Assign Parameters to Selection/Time-Variant Groundwater Head ommand (Grid Menu) 
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d rools Help 

Create Grid 

Select ' l 
Ass1gn Parameters to Select1on • 

lnter~late Elevation Pants 

Compute Green-Amp\ Parameters • 

Compute Marni1g Coefficients ... 

Compute scs Ctrve M.lmber 

Elevations 

Mami1g Coefficients 

Area and Width Reduction Factors 

Levee 

M.Jitiple Charnels 

lntbwfOuttlow Condition 

Infiltratbn 
Def111e BOl.l'ldary Grid Elements 

Setup Computational Area 

Create Grid Layer 

No Discharge Excharpe 

,f Time-Variant Groundwater Head 

Rigid Bed Element 

Use thi s command when using the MOD FLOW groundwater flow model link to impose a time 
series of groundwater head at the selected nodes. 

5.5.15 Assign Parameter to election/Rigid Bed Element Command (Grid Menu) 

• Tools Hep 

Create Grid 

Select .l 
ASS~;jn Parameters to Selection • 

Interpolate Elevation Points 

Comp.Jte Green-Amp\ Parameters • 

Compute Maming coeff~eients ... 

Compute scs CUrve M.lrroer 

Defne Bourdary Grid Elements 

Setup Computational Area 

Create Gr ld Layer 

Elevations 

Mamlng Coefficients 

Area and Width Reductbn Factors 

Levee 

Multiple Charnels 

lnfbw/OUtfbw Condition 

Infiltration 

No Discharge Exchange 

Time-Variant Grot.ndwater Head 
Rigid Bed Element 

Use th is command to setup elements that do not scour during the sediment transpmt simu lation. 

5.5.16 Interpolate Elevation Points Command (Grid Menu) 

Tools Hep 

Create Grid 

Select 

Assign Parameters to Selection 

Interpolate Elevation Pants 

Compute Green-Amp\ Parameters • 

Compute Manning Coefficients ... 

Compute SCS Ctrve M.lmber 

Defi-e Boundary Grid Elements 

Setup Computational Area 

Create Grid Layer 
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Use thi s command to interpolate and assign all the grid element elevations in the 
computational domain. The interpolated elevation are based on the imported DTM points or the 
elevation points that are added to the working region. The interpolation options are selected in 
the Options/Intetpolation command of the Tools menu . 

5.5.17 Compute Green-Ampt Parameters Command (Grid Menu) 

• Tools Help 

Create Grl:l 

Select 

Assign Parameters to Seiectim 

Interpolate Ele~atlon Points 

Compute Green-Ampt Parameters • 

Compute Mamlng Coefficients .. . 

Compute scs Ctrve Number 

Defll'lE! Boundary Grl:l Elements 

Setup Computatimal Area 

Create Gr 1:1 Layer 

Intersect Grl:l wi1h Land Use Shape File ... 

Intersect Grid wi1h Soil Shape File .. . 

View land Use Intersectbns 

View Soil Intersections 

Compute Green-Arnpt Parameters ... 

This com mand i the starting point for the Green-Ampt parameter calcu lations. There are 
severa l steps tha t have to be completed in a prescribed sequence. The final result i the creation 
of the JNFIL.DAT file containing the Green-Ampt infi ltration parameters. To initiate thi s 
procedure, you have to load a landuse shape file and a soil shape file and the coiTesponding soil 
and landuse tables mu t be available. In addition, the FL0-2D grid system data file must exist. 
The general procedure is as follows: 

l. Read oil shape file . 

2. Read landuse shape file. 

3. Detem1ine soil type pol ygon inter ections with the FL0-2D grid elements. 

4. Detennine landuse polygon inter ection with the FL0-2D grid elements. 

5. For each grid element compute hydraulic conductivity (XKSAT) average. 

(
" A. log(XKSAT.) ) XKSA T == ALOG L..., I I 

A GE 

W11ere: 

XKSAT; is obtained from the soil table and 
A; i subarea intercepted by the grid element from the 3rd column of the land use 
table and AcE the grid element area. 

6. For each grid element, compute wetting front capillary suction PSIF according to the 
fo llowing regressions as a function of XKSAT (Generated from Figure 4.3 of the 
Maricopa County Drainage Design Manual , Volume I). 

PSIF (in 
PSI F=EXP(0.9813-0.439*Ln(XKSAT)-+D.0051 (Ln(xksat))2-+D.0060(Ln(XKSAT))3) 
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7. For each grid element, compute volumetric oil moisture deficiency (DTHETA) 
according to the following table. The specific table used for DTHET A depends on the 
aturation field of the soi l table (6 th column). 

Saturation= DRY 

XKSAT (in/hr) DTHETA DRY 
0.01 ~ XKSAT ~ 0.15 DTHETA =EXP(-0.2394 + 0.3616 Ln(XKSAT)) 

0.15 < XKSAT ~ 0.25 DTHETA =EXP(-1.4122 - 0.2614 Ln(XKSAT)) 

0.25 < XKSAT ~ 1.2 DTHETA = 0.35 

Saturation= NORMAL 

XKSA T (in/hr) DTHETA NORMAL 

0.01 < XKSAT < 0.02 DTHETA = EXP(1 .6094 + Ln(XKSAT)) 

0.02 < XKSAT < 0.04 DTHETA = EXP{-0.0142 +0.5850 Ln(XKSAT)) 

0.04 < XKSAT < 0.1 DTHETA =0.15 

0.1 < XKSAT< 0.15 DTHETA = EXP(1 0038 + 1.2599 Ln{XKSAT)) 

0.15 < XKSAT < 0.4 DTHET A = 0.25 

0.4 < XKSAT < 1.2 DTHETA = EXP(-1.2342 +0.1660 Ln(XKSAT)) 

Saturation = WET or SATURATED 

DTI-IET A = 0 for all XKSA T 

8. Adjust XKSAT (computed in step o. I) as a function of the vegetation cover VC from 
the 5th field of the landuse tab le when XSAT < 0.4 in/hr. This requires a computation of 
the ratio the hydraulic conductivity for the vegetative cover to the bare ground hydraulic 
conductivity (CK): 

_VCK- 10 l 
CK- + 

90 

XKSA TC = XKSA TIp k c k 

k 

Where: 

pk is the percentage of the area withi n the grid element COITesponding to Ck and 
XKSATC for each g1id element is written to the INFlL.DA T file. 

9. For each g1id element compute the initial abstraction JABSTR: 

Where: 
fA ; is the initial abstraction in the subarea A; intercepted by the element and is based 
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on the 3'd column of the landuse table; 
The intercepted subareas are computed using the land use shape file and 
IABSTR is added to the TNFIL.DAT file for each element. 

Compute effective impervious area (%) for each grid element (RTIMP). 

(
L A;(RTIMPS* EFF) .J 

RTIMP I= I 

- A GE 

Where: 

Ai is detennined from the soil shape file; 
AcE is the grid element area , effective impervious area EFF is obtained from the S'h 
column of the soil table and 
RIMPS is the percent rock outcrop obtained from the 4'11 column of the soil table. 

RTIMP = RTIMP _l + L.., I I 

(
" A(RTJMPL) .J 

A GE 

Where: 
Ai is obtained from land use shape file and 
AcE is the grid element area and RTIMPL is obtained from the 4'h column of the land 
use table . 

The steps to complete Green-Ampt parameter computation are as follows. Compute polygon 
intersections of the landuse shape file with each giid element. 

lEI Tools Help 

CreatE Gr id 

Select 
Assign ParametErs to Selection 

Interpolate Elevation Points 

Compute Green-Ampt Parameters • 

CorTllUte Marning Coefficients .. . 

CorTllUte SCS Ctrve Number 

Defne Boundary Grid Elements 

Setup Computational Area 

Create Grid Layer 

Intersect Grid with Land Use Shape File ... 

Intersect Grid with Soil Shape File .. . 

View Land use Intersections 

View Soil Intersections 

Compute Green-Ampt Parameters .. . 

Specify the landuse shape fi le and the JD number field as shown: 
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l e 

Select land use shape file 

Lond use <~\ape file: ILANDUSEJUNE2002.SHP iJ 
ld nt.rnber fteld: jii.XU.ill• ::J 

QK ~ 

Click 'OK' to compute. This procedure may take several minutes depending on the number of 
grid element and the number of landuse polygons. ext compute the polygon intersections of 
the soil shape file with each grid element. 

11E1 Tools Help 

Create Q-i:J 

Select 

Assign Parameters In Selection 

Interpolate Elevation Points 

Compute Green-Ampt Parameters • 

Compute Manning Coeffclents ... 

Compute scs Curve Number 

Define Boundary Grid Elements 

Setup Computational Area 

Create Q-i:J Layer 

Intersect Q-i:J wHh Land Use Shape File .. . 

Intersect Gri:J wi!h Soil Shape File ... 

Y iew Land Use Intersections 

Y iew Soli Intersections 

Compute Green-Ampt Parameters ... 

Again it is necessary to pecify the soil shape file and the ID number field: 

Select soil shape file 

Soil shape file: I SOIUUNE2002.SHP iJ 
ld number field. Jfm .. iifl•iiJ!IB![!i iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii·iJ~· 

Q_K .Cancel 

Click 'OK ' to compute. This procedure may take everal minutes depending on the number of 
grid elements and soil type polygons. The computed intersected polygon can be viewed. 
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llll Tools Help 

Create Grid 

Select 

Assign Parameters to Selection 

InterpolatE Elevation Pants 
:1 

Compute Green-Ampt Parameters • Intersect Grid wi1h Land Use Shape File ... 

Intersect Grid w i1h Soil Shape File ... 
Compute Manning Coefficients ... 

Compute scs Curve Nurrber 

Defm Boondary Grid Elements 

Setup Computational Area 

Create Gr ld Layer 

• I View Land Use Intersections 

View Soil Intersections 

Compute Green-Ampt Parameters .. . 

This is a zoom view showing soil polygons intersected with grid elements . 

Now click on the Compute Green-Amp/ Parameters. 

diTools Help 

Create Grid 

Select 

Assign Parameters to Selection 

Interpolate Elevation Pants 

Compute Green-Arnpt Para mete• s • 

Compute Mamlng Coefficients .. , 

Compute SCS Curve Number 

Define BCUldary Grid Elements 

Setup Computational Area 

Crea1e Grid Layer 

Intersect Grid w11h Land Use Shape File ... 

Intersect Grid w11h Soil Shape File ... 

V lew Land Use Intersections 

View Soil Intersections 

Compute Green-Ampt Parameters .. . 
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As part of thi s process, it is n ecessary to import the so il and landuse tables. First cli ck on Import 
elect the landuse table fil e to import. The data is displayed in the Land U e Table button and s 

dia log box: 

Options 

Lend Use Table I SoiTable I 
C:\FL0·2DI2ro>.01 \P!ojects\Sha peliles\landuselablej<.ne2002.tbl 

ld 

~ 1 
-2 -

3 

t-
4 
-5 -

6 
7 
B 
9 
10 

- &-12 
13 
14 
15 

Descriltio<1 
"AgriciJkUie" 
"Airpotl" 
''Busress Park" 
"Convnunily Reta a Center (1 00,000 to 500.000 sq.ILT' 
"Der:icated or N on-developable Open Space" 
"EducatioM' 
''H igh Dens<y Re sidential (> 15 du/acref' 
''Hotel. Motel or Resort" 
'1ndustrW' 
'1nst<utionar' 
' targeAssembly Atea" 
'targe Lot Re · 
''Medi'"'" Oens<y 

sidenlial (>1 and <•2 du/acreT' 
Residential (>5 and <·15 du/acreT' 

' l'leigl-borhood R etai Center (<1 00,000 oq.ILT' 
"OffiCe" 

Compute §.reen·Ampt 

tr .~ iaturation . 
0.5 "normal'' 
0.15 "normal'' -
0.1 "normal'' 
0 1 "normll' 
0.35 "nonn~r· 

0.29 45 "norrtlc!!lr' 
0.25 45 50 "nor mar' 
0.1 BO 75 "normal' ' 
0.15 55 60 "normal'' 
0.1 BO 75 "normal'' 
0.1 BO 75 "normal'' 
0.3 15 50 "normal'' 
0.25 45 50 "normal'' 
0.1 BO 75 "normal'' 
0.1 BO 75 "normal'' . 

J:;ancel 

ow cl ick on the Soil Table t ab and click on the Import Soil Table. elect the appropriate oil 
yed in the fo llowing dialog box: table fi le. The data is displa 
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Opllon s 

Land Use Table Soil Table J 

C: \FL0-20\2006.01 \P•ojects\Shapefileslooilteblejune2002.tbl 

''Anlho-Carrizo-Maripo cCIOY,)Ie)('' 
0 100 

6455 "Anthon~ sand~ loam" 0 100 
6456 "Anthon~·A1izo CQf"f1llex" 0 100 
6457 ''Anthony-Aiizo CQf"f1llex. low p1ecipitation" 0 100 
6458 "Aiizo cobbly sand~ loam'' 0 100 
6459 ''Beef.., ·~ieno complex. 3 to 45 pe1cent slopes" 0 100 
6531 "Agualt and Riple~ sols" 0 100 

0 100 
0 100 

100 
100 

0.4 100 

COfl'llUte l>•een·Ampt Cancel 

The finals tep is to click on the Compute Green-Amp! button to create the INFIL.DAT fi le . 

5.5.1 8 Con 1pute Manning Coefficients ... Command (Grid Menu) 

IIJ Tools Help 

Create Grid 

Select 

Assign Parameters ID Selection 

Interpolate Elevation Points 

Compute Green-Ampt Parameters • 

Compute Maming CoeffiCients... J 
Compute SCS O.ne Number • 

Define Brundary Grid Elements 

Setup Computationa l Area 

Create Grid Layer 

Th is command will compute the Maru1ing' s n-values based on the infonn ation in a 
shape file. With a project open, first impott a Matming' s n-value shape file using the 
p e File command on the File menu. W11en you click on the Compute Manning 

roughness 
Import Sha 
Coefficient s command, the fo ll owiJ1g dialog box appears: 
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Select Mctnning shctpe file 

Maming shape rde: I MANNING.SHP 

Manning Coefficient N VALUE 

Q.K Y,ncel I 

elect the Manning shape file name (MA JNG . HP in this case) and the Manning coefficient 
field (N _ Y ALUE in this case) and click 'OK' to calculate Manning coefficients for each grid 
element. Please note that then-value data will be written to the FPLATN.DAT only when you 
apply the Create FPLAIN.DAT and CADPTS.DAT Files command on the File menu or save the 
FL0-2D input files . 

5.5.19 Compute C Curve umber ... Command (Grid Menu) 

This command will compute the Curve umber for each grid element based on information 
contained in shape files. 

The CS runoff curve number loss method i a function ofthe total rainfall depth and the 
empirical curve number parameter which ranges from I to I 00 and is a function of hydrologic 
soil type, land use and treatment, surface condition and antecedent moisture condition. The 
method was developed on 24 hour hydrograph data on mild slope eastem ru ral watershed in the 
United States although runoff curve numbers have been calibrated or estimated for urban areas, 
agricultural lands and semi-atid range lands. The CS C method does not account for vatiation 
in rainfall inten ity. The method was developed for predicting rainfa ll runoff from ungaged 
watersheds and its attractiveness lies in it simplicity. For large ba ins (especially semi-arid 
basins) , the method tend to overpredict runoff using the standard curve number table which has 
unique or vatiable infiltration characteristics uch as channels (Ponce, 1989). 

Assigning Curve Numbers to Grid Elements 

The general procedure is to assign curve numbers in the GDS and then run the FL0-2D 
model with the infiltration component " tumed on" and the infiltration switch et the SCS-CN 
option. The following options are available to assign curve numbers to grid elements: 

I. elect area u ing a polygon and assigning a C number. In this case the C 's aTe 
assumed known. 

2. Import a CN polygon shape file and intercept the shape file polygons with the grid 
elements and interpolate the weighted average computed C ' s. ln thi case the C 
numbers are known. 

3. Import three polygon shape fi les for hydrologic soil group (HSG), land cover, and 
impervious cover and the GDS will incept, interpolate and compute the CN ' s for each 
grid element based on the Pima County procedure. In this case the CN are not known 

Determining CN's Using the Pima County Method 

GDS uses the Pima County Method to determine the C ' s using polygon shape files ( F) for soil , 
land cover and imperviou cover. Using thi hape file data with the accompany attribute tables, 
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the polygon intersection with the grid element are detem1ined to assign a hydrologic soi l group, 
percent cover density and impervious area for each grid element. Then the CN's are computed 
using various fonnulas depending on soil groups and the results are written to the FL0-2D 
INFIL.DAT fil e. The fol lowing procedure is applied: 

I . Import oi l, land cover and impervious cover shape fi les to the GDS graphi cal project 
enviromnent. 

2. Select the ID fo r the HSG from Soil hape fi le (landsoil.shp). The attribute may have 
both soil and group and the percentage for each group (e.g. B3 1 %C69%Desert Brush). 
For each polygon the following attribute infonnation is required: 

a. Cover type (e.g. Desert Brush) 

b. Soi l group (e.g. Band C) 

c. Percentage of soil groups (B=35% and C = 69%). If only the group is given (e.g. 
B) then ass ume I 00%. 

3. elect ID for Cover density percentage from land cover shape file (land.shp). 

4. Select lD for impervious areas fro m impervious cover shape file (i mperv. hp) 

5. Detem1ine polygon in tersections with each grid element for each SF ( oil , land cover and 
impervious cover) and detem1ine the area weighed average of each vari abl e: 

Where: 

Var = 'L, AYar; 
A GE 

Var,. is the cunent variable from the shape file ; 
A, is subarea intercepted by the gri d element and 
A a£ the grid element area. 

At the end of this process each g1id element has been assigned: 

a. H G from Soil shape file. 

b. Cover density percentage CD. 

c. lmperviou area. 

6. Use fonnulas in Table I to detem1ine CN using CD and the corresponding oil g1·oup 
(e.g. CN = (CN soil B * (B%) + CN oil C * (C%) +%impervious* 99)/ 1 00) where: CN 
for imperviou area is 99 and area for each so il g1·oup within a grid element need to be 
adju ted depending on the impervious area: B% = B%(in F) * ( I OO-%impervious), etc. 

7. Write CN results to the INFIL.DAT. 

To determine C ' s, functional relationships were derived from Figure D-1 of the Pima 
County Hydrology Procedures (Appendix D) reproduced here: 
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Figure D-1 of Pima Coun ty Hydrologic Procedures Relating CN to 
Hydrologic Soil Cover and Density 

These relationships are summarized in the following table. 

Table I: Relationships for Eva luating the CN Based on Hydrologic Soil Cover and Cover 
Density 
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HSC Cover density (CD) Range Formula A 8 
DESERT BUSH 

D 0-50 CN -A • CD+ B -0.08 93 
c 0-50 CN -A • CD + B -0.08 90 
B 0-50 CN -A • CD+ B -0 .07 84 

HERBACEOUS 
D 0-80 CN -A • CD+ B -0.0875 93 
c o-ao CN =A • CD+ B -0.1875 90 
8 0-80 CN- A • CD+ B -0.2625 84 

MONTAIN BRUSH 
D 0-80 CN -A • CD'2 + B • CD + C -0.0013 -0.1737 
c 0-80 CN -A • CD'2 + B • CD + C -0.0014 -0.2942 
8 0-80 CN - A • CD'2 + B • CD + C -0.0025 -0.3522 

JUNIPER-GRASS 
D 0-80 CN- A • CD+ B -0.1125 93 
c o-ao CN- A • CD+ B -0.34375 90.5 
B 0-80 CN -A • CD+ 8 -0.525 84 

PONDEROSA PINE 
c 0-10 CN - A • CD'2 + B • CD + C 0 .08 -1.9 

10-80 CN -A • CD+ B -0.242857 82.42857 
8 0-1 0 CN -A • CD'2 + B • CD + C 0.1 -2.4 

10-80 CN- A • CD+ 8 -0.3 73 

Legend 
HSC Hydrologic Soil Cover 

CN Curve Number 
CD Cover Density(%) 

A, B Constants I 

For each soil group, a different fomlUla was developed that calculates CN from the Cover Density 
(CD). For straight line segments, a linear equation was used to repre ent that so il cover. For 
curved egment of the , Excel curve fitting routines to detem1ine the best-fi t coefficients to 
represent the soil cover. EtTor were estimated for each fomlUla. Table 2 summarize the 
va lidation and errors for each oil group et of fommlas: 

In the GDS Grid menu there is a new command titled: Compute SCS Curve Number. This has two 
options: From Single Shape File .. . and From Multiple Shape Files. 

Tools Help 

Crea1E Grid 

Select 

Assign Parame1Ers to Selection 

Interpola1l3 Elevation Poilts 

Compu1E Green-Amp! Pararne1Ers • 

Compu1E Mann!nq Coefficients ... 

'J From Silgle Shape File ... Compu1E SCS CUrve Number 
.._De- fne_ Bo!.ndary ___ Gr_id_E_Ie_m_en_ts_~~ From M.Jitlple Shape Flies 

Seii.Jp Computational Area 

Crea1E Grid Layer 

Assignment of CN's Based on Selection of Grid Elements 

Using the existing procedures of elect/Assign Parameters to Selection, it is possible 
assign spatially varied CN to the grid elements. To use this feature, first select one or more grid 
elements by using the Grid/Select/Grid Element and cli cking on the elements that wish to be 
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selected. U e the Grid/Assign Parameters to Selection/Infiltration to di spl ay the infiltration 
dialog: 

Infiltration 

lrit•obon Melhod ( 
r G1een-.<>.Jr(>l (o' SCS J NlM!lbeJ 

Global parameters ......__... 

r 

p-r
~ 

r:--
r:-
r--

r 

~~+3 
.____ll_K __,1 !;once! I 

elect the C Curve umber radio button, select the Grid element infiltration check box and 
input the desired Curve umber. Click OK to assign the C to the selected element . 

Assignment of CN's Based on a Single Sbape Fil e 

Using thi s option , the GDS will detennine the CN for each grid element ba ed on a user 
provided polygon shape fi le that contains a CN for each polygon. First import the hape fi le 
using the Import Shape File ... command in the GDS File menu . 
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1i11 View Design Grid Tools Help 

New Project 

Open . TOP Project .. 

Open Existing FLD-20 Project .. 

Save . TOP Project .. . 

Save FLD-20 Files .. . 

Run FL0-20 ... 

Run Mapper 

Run PROFILES 

Run RAIN 

Create FPian .Dat and cad>TS.DAT 

Import I mage 

rrngrt Elevation Pants 

Import Shape File ... 

Import Rain Ardnfil ASCU Grid File ... 

Import HEC-RAS Charnels ... 

Import CAD Graphk: Elements .. . 

Save Elevation Pants ... 

Export ... 

Exit 

Then use the Grid/Compute SCS Curve Number/From Single Shape File ... command 

Ill Tools Help 

Create Grid 

Select 

Assign Parameters to Selection 

Interpolate Elevation Points 

Compute Green-Ampt Parameters • 

Compute Maming Coeffk:ients ... 

Compute SCS Curve Number • 

Defne Boundary Grd Elements 

Setup Computational Area 

Create Grid Layer 

In the dialog box, select the Curve Number Shape file (LANDSOIL.SHP in this example) and the 
Curve Number Field (CurveNum in this example): 

Select SCS Curve Number shape file 

SCS Curve Number j LANDSOIL.SHP 
shape file: 3 

SCS Curve Number r-iM!iiJI!iijiiflri!, llliiliiliiliiliilii[3::J• 
f~eld: '~ 

.QK ,Cancel 
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GDS wil l intersect the shape fi le polygons with the grid elements and detem1ine the area 
weighted average va lue fo r each grid element. Double-clicking on any grid element the new 
Infiltration dialog box wi ll di sp lay the C calculated for that element. 

Globol SCS Cutve Nun-be.: jss-

P li'lrid elOfrent iiJrotiOij 

r 

.Q.K 

Computation of CN's Base on a Multiple Shape Files 

This option computes the CN's based on the method explained in above sections. Jt is 
necessary to impo1i three polygon shape fi les for HSG, La nd cover, and Impervious cover. After 
the e shape fi le have been imported using the Import Shape File ... command in the GDS File 
menu, then use the Grid/Compute SCS Curve Numbei!From Multiple Shape Files command 

• Tools Hep 
create Grid 

Select 

Asslgl Parameters to Selectkln 

Interpolate ElevatiOn Pol1ts 

Compute Green-Arrpt Parameters • 

Compute Maml1g CoeffiCients ... 

Compute SCS Curve I lumber > 

Defire Bor...rrdary Grid Elements 

Set..Jp ComputatiOnal Area 

create Grid Layer 
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The fo llowing dia log box will be disp layed : 

Compute SCS Curve Number 

Soi Shape Fie 

Select shape file· I LANDSOILSHP 

Select field: I LondSoi 

Lond Cover Shape Fie 

Select shape file: I LAND.SHP 

Select field: jcov_den 

l~rviou.c Cover Shape ne 

Select shape file: IIMPERVSHP 

Select field: liMP 

.QK 

l. Select the Hydrologic Soil Group Shape Fil e and soi l group fi eld (landsoi l. shp and 
Land Soil respective ly in thi s example). 

2. Select the Land Cover Shape File and land cover attribute fi eld (land . hp and cov_dens 
respectively in thi s example). 

3. Select the Impervious Area Shape File and impervious ID fi led (Imperv. hp and IMP 
respectively in thi s example). 

4. Click OK. 

GDS will intersect the shape files polygons with the grid elements and detem1ine the area 
weighted average va lue for each grid element, based on the derived fom1Ula previously 
di scussed. Double-clicking on any grid element the new Infi ltration dialog box will di splay the 
C calculated for that element. GDS will create the new INFIL.DAT data fil e with the new CN' s 
fo r all grid e lements. 

FL0-2D [nfil tration Computation Using the SCS Curve umber Method GD will create the new 
INFIL.DAT data fi le with the C for all grid elements . 
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5.5.20 Define Boundary Grid Elements/Element by Element Command (Grid Menu) 

S Tools Help 

Create Grid 

Select 

Assign Parameters to Selection 

Interpolate Elevation Ponts 

Compute Green-Ampt Parameters • 

Compute Manning Coefficients .. . 
Compute SCS CUrve M.Jrrber 

Deftne Boundary Grid Elements • 

Setup Computational Area 

Create Grid Layer 

Element by Element 

Draw Line 

U e this command or the Define Boundary Grid Elements toolbar icon I* J to mark the 
grid elements that will constitute the computational domain boundary. These boundary gtid 
elements are not used in a FL0-2D model flood simulation and are not included in either the 
FPLAIN. DAT or CADPT .DAT files. To u e the Defin e Boundmy Grid Elements command or 
icon : 

I. Select the Define Boundary Grid Elements (Element by Element) command (Gtid menu) 

or the toolbar icon lltJ] and click on the left mouse button. The mouse pointer changes to 
a eros . 

2. Select the boundary gtid element . The gtid element will change it color to red. 

3. Repeat step 2 as many times a needed to select all boundary grid elements. 

To undo this operation simply click again on a previously marked gtid element. To mark a group 
of grid elements press the Sh ift key and the left mouse button and then drag the mouse pointer 
over the desired gt·id elements. To deselect any gt·oup of gtid elements, press the Ctrl key and 
with the left mouse button depressed, drag the mouse pointer over the grid elements you want to 
unmark. 

5.5.21 Define Boundary Gtid Elements/ Draw Line Command (Grid Menu) 

The boundary gt·id elements can also be identified by drawing a line around the 
computation domain. Thi command automates the process of defining the boundary elements. 
After the boundary gt·id elements ha ve been marked with the line, they can be edited with the 

Element by Element command or the tool bar icon~ . 
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Ell Tools Help 

create Grid 

Select 

Assign Parameters to Selection 

Interpolate ElevatiOn Pants 

Corrpute Green-Arrpt Parameters • 

Corrpute Mamng Coefficients ... 

Col11p.Jte SCS Ct.rve !lUmber 

Def1ne Boundary Gnd Elements • 

Setup Comp..~tatianal Area 

create Grid Layer 

elect this command after the grid sy tem has been generated. When you click on Draw Line, the 
following dialog box appears: 

FL0 -20 Grid Developer System ~ 

l Click OK and then draw a lne to defne the boundary grid elements 

OK Cancel 

Click 'OK ' and proceed to draw a polygon with a series ofleft mouse button clicks. Complete 
the polygon by doub ling clicking on the final vertex and then click 'Yes' in the following dialog 
box to generate the boundary elements. 

FL0 -20 Grid Developer System X 

i Do you want to create boundary cells based on this line? 

Yes No 

If the boundary elements identified by the polygon are acceptable, then generate the computation 
domain based on enclo ed polygon by clicking 'Yes ' when requested to do o . 
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5.5.22 Setup Computational Area/Click Inside Modeling Area Domain Command (Grid Menu) 

• Tools Help 

Create Grid 

Select 

Assign Parameters tc Selection 

Interpolate Elevation Points 

Compu1B Green-AI'Tl't Parameters • 

Compute Manning Coefftients ... 

Compute scs CUrve Nurroer 

Defne Bourdary Grid Elements 

Setup Computational Area •I 
Create Grid Layer 

Click Inside Modeli1g Area 

Defne Modeling Bo.Jnclary with Polygon 

U e thi command to select the computational domain. Once you have finished outlining 
the flow domain with a closed boundary, you must identify computational domain (potential flow 
surface). 

I . Choose the Setup Computational Area command. The cursor change to a cross. 

2. Click on any grid element inside the closed area of the computational domain. If the 
computational domain area is closed, an acceptance message appears. If the boundary 
elements do not completely enclose an area , you will be infonned that the area is still 
open. Additional boundary grid elements mu t then be marked to completely close the 
computational domain. 

If you have defined the boundary cells element by element, or if you have edited the boundary 
cells, the computational domain can be generated by clicking on an interior grid element within 
the domain using the Click inside Modeling Area command . 

5.5.23 Setup Computational Areal Define Modeling Boundary with Polygon Command (Grid 
Menu) 

As was previously discussed, you can define the computational domain by drawing a 
polygon to identify the boundary cells. 

d Tools Hep 
Create Grid 

Select 

Assign Parameters to Selection 

Interpolate Elevation Pants 

Compute Green-Ampt Parameters • 

Compu1B Manni1g Coefftcients ... 

Compute SCS Curve Number 

Defne Bo.Jnclary Grid Elements 

Setl.Jp Computational Area • 

Create Grid Layer 

Clk:k Inside Modeli1g Area 

Defne Modeli1g Bo.Jnclary with Polygon 
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Follow the procedure described in Section 3.6 to define the computation domain with a polygon. 

5.5.24 Create Grid Layer Command (Grid Menu) 

ii!i Tools Help 

Create Q"id 

Select 

Assign Parameters to Selection 

Interpolate Ele~ation Points 

Compute Green-Ampt Parameters • 

Compute Manning Coeffcients ... 

Compute SCS Cur~e Number 

Define Boundary Grid Elements 

Setup Computationa l Area 

Create Gr ld Layer 

This command will create the grid layer. When loading an existing FL0-2D project the 
grid layer is not created. Some component editor fu nctions require the grid layer and a message 
will you prompt you to create this layer. Use this command to create the grid layer and continue 
with grid element attri bute editing. 

5.6 Tools Menu Commands: 

- Hep 
Optklns 

t-~east.reOtstanc:ealc:Jn;3Lhe 

Corrp.~IE Avarage Pont Ranfall Deptll 

InterpolatE Variable Ranfall 

Levee Express Edi!Dr 

Fbatng Variables Express Edi!Dr 

O"eaiE Charrel Segment 

a-satE Charrel Segment with a Polylne 

a-satE A Cross Sectbl 
a-satE a-oss 5ectklns File from Exlstng N-shape Charrel Celis 

a-satE F~lan Cross 5ectklns 

a-satE Street Segment 

O"eatE Street Segment with a Polylne 

a-satE Detentlcn Sasn 

M..<J and Sedlrre"lt Transpcrt 

Evaporatb"l 

MOOA.D-20 Slrruiatlcn 

Hydraulic Struc1l.res 

Ran 

Breach 
NCROCS 

Find Watershed 

C<rnert 1-EC-RAS Xoec Ill FLQ-20 

Qrnert 1-EC-RAS Charrels Ill FLQ-20 Charrel Segments 

LOE!"Ie Proflle 

Street Profile 
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5.6.1 Options .. ./lnterpolation ... Command (Tools Menu) 

Meastre Distance abrg Lhe 

COmpu<e AYe< agE Poht Rahfall Depth 

lnlarpolale Variable Rahfall 

LErree Express Ed nor 

Fbathg Variables Express Ednor 

01!ale Olarroel SEgment 

01!ale Channel SEgment with a Po~ I he 

Create A Cross Sect:i:Jn 
creata cross 5ectb1s File from Exlstl1g N-shape Olarroel cells 

01!ata Flc>tq>lah cross Sectlcns 

creata s .. eet SEgment 

Create Street Segment with a Potyli'le 

01!ale Delenlion Bash 

I<W and sediment Transpcrt 
Evaporation 

MOOR.D-20 Sirrulatlon 

Hytraulic Struc1lres 

Rah 
Breach 

NOR.OCS 
Fhd Watershed 

cen-t f£C-RAS Xsec txl FLQ-20 

cen-t f£C-RAS Olarroels txl FL0·21l Channel SEgments 

Leave Profile 

Slreet Proflle 

Change Refresh C<ll6lt 

Drectory Paths 

Th is command defines the various option that control the interpolation process. When 
command i selected, a dialog box appears to adjust the various interpolation parameters: 

Cind El~m~nt EIPvAtlon lnt@orpolatlon 

M1n1mum numbe1 ol OTM 

~o:~i~::~;~~d:~~~:L ..--------, 

II'Mirse dJttonce we1ghtmg 
forrrolo exponenl ~ 

H1gh elevQllon fihenng scheme 

ce t:fofiltenng 

r ~=~~~; elevcllan I 
r S.tende~d dev~cbon difference 

Low eleve.tion filtering scheme 

r. hfollltering 

(" ~::: ei8'118JJon 1 

r S.tondord dev~abon difference 

QK !;on eel 
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• Dialog B ox Options: 

O pti on D escription 

Minimum number of DTM points to consider in To calculate an interpolated elevation from random DTM points that will 

the vicinity of each grid element represent each grid element, the algorithm will use at least this minimum 
number of DTM points closest to the grid element center. 
The radius defines a circle around each grid element node that is multiple of 

Radius of interpolation (proportional to grid the element size. Only the DTM points inside the radius are interpolated. If an 
element size) insufficient number of elevation points are within the circle, it is expanded until 

at least the minimum number of points is found. 
This is "n" in the Inverse Distance Weighting Formula: 

\'01\1 I I Z,-:;; 
Z= j•l ' ~ 

\V1M I 

Inverse distance weighting formula exponent 
I -;.-
J•l r 

-
Where Z is the interpolated grid element elevation, Zi is the elevation 
of DTM point j, n1 is the distance from the DTM point 1 to center of grid 
element , and NDTM is the total number of DTM points. 

No fil tering (High or Low Elevations) No filtering is performed on the elevation points. 
For this option, the algorithm calculates a mean elevation using all the DTM 

Maximum elevation difference and any assigned elevation points within the interpolation radius. All those 

(For either High or Low Elevations) 
points that exceed the selected maximum elevation difference either higher or 
lower than the mean are discarded and the mean elevation is recomputed and 
assigned to the grid element. 

• Standard deviation difference 
The algorithm first calculates the DTM point elevation standard deviation and 

(For Either High or Low Elevations) 
then neglects all those points whose elevations are higher (or lower) than the 
standard deviation when recalculating grid element mean elevation . 
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5.6.2 Option .. ./Change Refresh Coun t Command (Tools Menu) 

Measu-e O~t<n:e along Line 

Cofl'IXJ1B AVf!l'ilqil Pont Ranfall Oep1h 

IniErpolale V<rlable Ranfall 

Levee Exp-ess Ed1tor 

Floathg Variables Exp'ess Editor 

O'eate Charnel Segment 

O'eale Charnel Segment wl1h a Polyline 

O'eate A O'ass 5actm 

O'eate O'oss 5actklns File li'om Exlstng N-<hape Charnel CSIIs 

O'eale FlocJqJian O'oss 5actklns 

O'eate Street Segment 

Create Street Segment with a Polylhe 

O'eale Detentkln Bash 

lv\.d ird Sediment Tr~ 
Evapor ata'l 

MOOA.C>-20 Slrrulatkln 

HyctauiJc Stru:t>res 

Rah 
Breach 

NOFI.OCS 

Fhd Wal!lr'shed 

Convert f£C-RAS Xsec tD R.C>-20 

Convert f£C-RAS Charnels tD R.C>-20 Charnel Segments 

Leave Profile 

Street Profile 

Inla"polatm. ' ' 
Ch<rge Reli'esh co..nt 
Drectcry PathS 

Use this command to speed up the redraw (refresh) rate fo r large projects. The refresh 
rate specifies how often the screen is updated when drawing maps. If there are I 000 verti ces to 
draw and the refresh rate is 500, then the screen will be refreshed twice. A hi gher refresh rate 
resul ts in fas ter draw times while a lower rate re ults a smoother draw appearance. A di alog box 
will appear prompting you to inpu t a va lue fo r the refresh rate of the map or image: 

fl 0 1D (,nd Developer Sy.lem ® 
E nte~ volue l01 lhe rote ol wl'ich lhe leot .. et ollhe mop ~ 
dtaw ~ 

Cancel I 
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5.6.3 Options .. ./Directory Paths Command (Tools Menu) 

liii Hep 

l'l'easu"e Distance alcrq Lre 

Corrpu!B Aver;q> Point Rainfall Deplh 

Interpolate Vil"lable Rainfall 

Levee Express Edlttlr 

Floathg Va-iablos Express Edlttlr 

create Charnel segment 

Create Charnel segment wllh a Po~lre 

create A cross Sectloo 

Create Cross Sections File from Exlstrg t-i-shape Charnel Cells 

Create Flc:xq:>lain Cross 5ections 

O"eate Street Segment 

Create Street Segment with a Potylre 

Create DetEntion Basin 

NUJ ard Sediment Transport 

Evaporali:ln 

IY'IOOR.D-20 Sirrulation 

Hydrault Slru:tl.res 

Rain 

Breoch 

NOFlOCS 

Find Watershed 

Calvert 1-EC-RAS Xsec ill FLD-20 

Convert 1-EC-RAS Channels ill FLD-20 Olarnel5egments 

leeve Profile 

Street Profile 

v 

Interpolation... ! 
= •fresh ca.nt 
~Paths J 

This command may be used to edit the defaul t directories used by the FL0-2D model. 
The following dialog box appears: 

Global Palhs 

C~.nentpeth: 

T..,..,.."" ... ~ IC·IT...,Ifl020 

Proiect path: I"'C::;-;Ifl;-;0;-:·20"'121XE=;:-;.01;;-;IPI=ojod=•lll"'o.<N= ... ----

Input the desired new directory paths and then click on Apply . 
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5.6.4 Measure Distance along Line Command (Tools Menu) 

Measlre Distonce ablg Lhe 

Corrp..~te Averaqa Por1t Ranfall oepltl 

IntErpolate Variable Ranfall 

Levee Bqress EdltDr 
Floatilg Variables Exp-OS$ EdfiOr 

Creals Chomelsegment 
Creals Chomelsegrrmt wi1h a Polylhe 

Create A Cross 5ectiJn 

Create Cross 5ectioos File ttom Exlstilg N-shape Chomel Cells 

Greats Fkxq>lan Cross 5ectlcns 

Creals Street segment 

Create 51noet segment wi1h a Polylhe 

Greats Detentlal Basn 
Mud and Sediment Transport 

Evapaatbl 
M:JOR.Q-20 Slrrulatlal 

Hya ault Slrue1lres 

Ran 

Breach 

NOF\.OCS 

Fhl WatErShed 

CcrNert 1-EC-RAS Xsec to FLQ-20 

CaMlrt 1-EC-RAS Choma Is ttl FLQ-20 Chomelsegments 

Leeve Profile 

Str"eet Profile 

This tool compute the distance along a u er-input polyline. After clicking on the 
Mea ure Distance along Line Command, draw a polyline using the mouse and double click at the 
end point of the polyline. GDS will di splay the length of the polyline a shown bellow: 

- ·- 1- - - f---

-+- 1---· - 1- [:....--
1-........i-- ---v 

........... 
........... .....~ -..._ r---

ll iS ... Ofeet r---
I ()I( I f-+ 

I I I I I 
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5.6.5 Compute Average Point Rainfall Depth Command (Tools Menu) 

I& Hei> 
Optklns 

Measo.re Dlstarce atng Lne 

conl'·"" 1\verage PontRanfall Depth 

IniB"polaiB v..-Iable Ranfall 

Levee Express Ed11Dr 
Floatng v..-Iables Express Edi1D" 

Crealll Chirre!Segment 
Crealll Chirre!Segment with a Polylne 

Create A Cross 5ectbl 
Crealll O"oss sections File fi"om Exlsthg N-.nape Chirrel Cells 

Crealll Fklo:q:Jian Cross sections 

Crealll Street Segment 

O"eaiB Street Segment wrth a Poly! he 

Crealll OetEfltlon Basn 
M.Jd and Sediment Transport 

Evapaatkrl 

MOOA..G-20 Surulatkrl 

Hydr"-'IIC Struc11res 
Ran 

Breach 

OOR.OCS 
Fmwa~Er5t"e:J 

COOvert 1-EC-RAS Xsec 10 R.G-20 

Calvert 1-EC-RAS Chirrels 10 R.G-20 Chirre!Segmonts 

Leeve Profile 

Sb"eetProfile 

Use thi s command to compute Total Point Rainfall Depth (RTT in RAfN.DAT file). 
Note: It is required that a RAJN.DAT.fi/e exist in the project fo lder. An Arclnfo ASCII grid file 
with rainfall data must be previously imported to the GDS. The fonnat of thi s file is the standard 
ASCII grid with the va lues cotTesponding to rainfall depths. The points wi ll be di played on the 
screen. To compute the average of the grid rainfa ll depth , draw a polygon and then only the 
rainfall points in ide the polygon will be used in the calculation. 

FLO 20 Grid Developer System ® 
i Click()!( ond then drow • polyoon to enclose the droi,_ ore• 

()!( Concel 

The fo llowing figure di splays a FL0-2D grid system boundary, the ASCII rainfall point depth 
grid and the drawn pol ygon to compute that average rainfa ll depth over the FL0-2D grid system . 
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To compute the average rainfall depth, choose the appropriate Arclnfo grid file from the file li st 
in the following dialog box: 

Select ASCII Grid File 

ASCJI Grid File: JiiltNJIIIfii,!.$@@7.JI1 :::J 

.QK !;ancel 

The following message will identify the number of gJid points used to compute the average 
rainfall depth RTT va lue. The RATN.DAT file RTT va lue will be updated. 

FL0-20 Grid Developer System )( 

32 points intersected the given polygon. Average RTT = 2 .067307 

Save to RAIN.DAT? 

Yes No 
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5.6.6lnterpolate Variable Rainfal l Depth Command (Tools Menu) 

dli Hep 
Options 

Measlre Dis1<n:e along Lhe 

COflllU18 Average Pon t Ranfall Depth 

IntEr-polate va-iable Ranfa ll 

Levee Exp"ess E<Jit!r 
Floati"9 Va-iables Exp"ess E<JitDr 

Create 0\amel Segrroont 

Create 0\amel Segrrent with a Polylhe 

o-eam A Cross Sectkrl 

a-sate Cross 5ecticros File from Exlstrg N-shape Charnel Cells 
a-eats Floodplain Cross Sectkros 

a-eats Street Segrrent 

a-eats Street Segment with a Polyline 

a-eats Deten!Dn Basin 

MJd and Sediment Tr<&nspert 

Evaporation 

MOOR.Q-20 Slrrulation 

Hyd"a:JIIc S1ru:1Lres 

Rain 

Breach 

Flrd wa,..sha:l 

COnvert 1-EC-RAS xsec to A.Q-20 

COnvert f-EC-RAS 0\amels to A.Q-20 0\amel Segments 

Leave Profile 

Street Profile 

This command will interpolate temporal rainfall for each FL0-2D grid element, ba ed on 
spa ti ally varied rainfall data in an Arclnfo ASCII giid file fom1at. A file must be prepared that 
contains the stom1 beginning and ending dates and times, time i11 terval of the rainfall data files (in 
minutes) , number of reporting stom1 time interva ls (one rainfall data file per interva l) and the file 
name and location. Each subsequent rainfall data file will list the rainfall depth at a rain gage grid 
location (i.e. rainfall g1·id not the FL0-2D grid system) at that specific time. For example: 

6/ 12/2002 13:00 6/ 12/2002 14:00 60 2 
C:\Models\FL02D _ 2002\Maricopa2002\Raindata2\rainl3h.dat 
C:\Models\FL02D _ 2002\Maricopa2002\Rai ndata2\rain 14h.dat 

ln this case, the beginning date of the stom1 is 6/12/2002 and the stom1 beginning time is 13:00 
hours. The stom1 ending date and time is 6/ 12/2002 and 14:00 hours. The time interval between 
rainfall data files is 60 minutes and there are two rain grid files in the li st. The rainfall file fom1at 
is the standard Arclnfo A CII grid with the values coiTesponding to rainfall depths. Each file 
conesponds to a rainfall depth at a specific time for the rainfall grid system. The rainfall grid file 
(e.g. EXRAD data) is prepared outside the FL0-2D software system. This file may be based on 
the rainfall gage di st1ibution . This rainfall distJibution over the rainfall giid has to be transfom1ed 
into spatially varied rainfall assigned to g1·id elements in the FL0-2D grid system. Thi is 
accomplished using the variable rainfall interpolation algorithm in the GDS prog1·am. Once the 
Arclnfo ASCII file is read , the following dialog box pem1its adjustment of rainfall grid 
interpolation parameters . 
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Option 

M ininum number of r ~in 
points to consider in the I" 
vicinity ol e~ch grid element: e ..::::.J 

A adius of interpol~tion 
[proportional to grid 
element size}: 

QK Cancel 

Description 

Minimum number of rain grid points to To calculate the interpolated rainfall depth for each FL 0-20 grid 
element, the algorithm uses at least this minimum number of points consider in the vicinity of each grid element. closest to the grid element. 

This radius defines a circle around each grid element based on a 

Radius of interpolation (proportional to grid multiple of the grid elements size. Only rainfall grid points inside this 
radius are considered in the interpolation process. If the number of element size). rainfall grid points is insufficient, then the circle is automatically 
enlarged until at least the minimum number of points is found . 

After the interpolation is complete, choo e the RAINCELL.DAT file location to save re ults. 
The RAINC LL.DA T file is then used by the FL0-2D model to simulate the rain tonn. The 
IREALRAIN variable switch in the FL0-2D RAIN.DAT file has to be et to I 'on ' to simulate a 
real-time stonn using the RAINCELL.DA T file. 

I LU- 20 Grad Developer Syst~nl 1 

i Fie C:\Modelos\FL020_2002\M8rlcoP"2002\pruebas\RAINCELL.DAT was created 

OK 

The fon11a1 of the RAINCELL.DAT is as follows: 

Line I: Beginning date and time, ending date and time, time interva l (in minutes) and 
number of time intervals. 

Line 2: G1id element number and the total rainfa ll depth at that time. This line is repeated 
for each FL0-2D grid element. 

Successive rainfall data for the entire grid system follows for the number of time-interval groups. 
For the example above, there would be two sets of rainfall data for the entire grid system. 

6/ 12/2002 1:00:00 PM 6/ 12/2002 2:00:00 PM 60 2 

I 1.8538 
2 1.8537 

1234 2.272 
1235 2.2709 

I 1.4794 
2 1.4791 

1234 1.6294 
1235 1.6286 
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In this above example the beginning date is 6112/2002 the begiru1ing time I :00 PM , the ending 
date 6/ 12/2002 and the ending time 2:00PM. The time interva l between files is 60 minutes, there 
are two time interva ls and 1235 grid elements. The rainfall depth for g~id element number I at 
time I :00 PM is 1.8538 in . Successive grid element rainfall depths follow. For the econd time 
interva l, the rainfa ll depth for the first grid element is 1.4794 in and the rest of the g~id elements 
follow. If the grid system has been prepared in International Units (meters), then the rainfall data 
file should be prepared in mm. 

5.6.7 Levee Express Edi tor Command (Tools Menu) 

• Hep 
Options 

Meascre Dlstarce abrg Line 

CorTVJie AveragJ Poht Rahfall Depth 

IntErpolate varlabe Rahfall 

LEMle EJqress Editor 

Fbatn.J Varlabes EJqress Editor 

create Chamel segment 

create Chamel segment with a Polyline 

O'eate A o-oss Sacttn 
create Cross Secti:Jns File from Ex lsthg N-shape Chamel Cells 

cream F~lan cross 5ectJons 

create Street segment 

create Street segment with a Polyline 

create Detentioo Bash 

t.\Jd and sediment Transpat 

Evap:rafun 
MOCA.D-20 Sirrulatioo 

Hytrauli: Strucll.res 

Rah 

Sreadl 
NOFLOCS 

l 
Ctnvert 1£:-RAS Xsoc ttl FLD-20 

C<rnert 1£:-RAS Chamois ttl FLD-20 Chamei segments 

Leeve Profie 
Street Profie 

The Levee Express Editor facilitates ass igning levee attributes for individual g~·id elements. 
You can use the Levee Express Editor to create or edit a levee. This tool will help you to assign 
levee crest elevations directly from the DTM point data base, if the DTM points are dense enough 
to represent the levee crest. If a number of DTM points fall on the top of the levee, the average of 
the five highest DTM point can be used to repre ent the levee crest. 

When you click on thi s command or on the toolbar icon 0 for an existing levee the 
following floatin g dialog appears: 
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Levee Data 

Grid element elev~tions in colored boxes 

Current Grid Element: j3469 
Max. Pt. Elev.: j4682.00 

Ave. High (5] Pts. j4682.00 

j 4670.27 j 4674.91 

r NorthWest r North 

14670.21 
r West 

j 4672.89 

P SouthWest P' South 

14750 j475D 

14670.62 j 4671 .05 

Assign levee crest elevation 

Assign to all 
directions 

Assign to selected 
diections 

j 4685.36 

r NorthEast 

r East 
j 4679.08 

P' SouthEast 

j475o 

j 4678.07 

Select directions 

Select all 

Unselect all 

I 8ssign to Element !;;lose 

When you double click on a grid element that has a levee, the dialog will how the Maximum 
Point elevation of the DTM points inside the element, the average of the highest 5 DTM points in 
the element and the utTounding grid element elevations. Use the text boxes and the A ign to 
Element button to assign the levee crest elevation . Compare the Maximum Point Elevation 
(Max. Pt. Elev.) and the Average of the Five Highest Points (Ave. High (5) Pts.) with the 
upstream and downstream assigned levee crest elevations to assigr1 the levee crest elevation for 
the given grid element. 

5.6.8 Floating Points Variable Express Editor Command (Tools Menu) 

Hell 
~rms 

r.easu-a Distne akrg Lne 

CDfT'!JJIB Averag!l Pont Ranfall ~Ill 

ln1B'><>IaiB v..-lable Ranfall 

Levee Elq:f'ess Editcr 

Fbatrg v..-lables Express Edltr 

O'ea!B 01amel Segment 

O'ea!B 01amel Segment wllh a Pc~lre 

O'eate A Cross Section 

Oeate Ooss Sectltns File fi'om Exlsthg ~+shape 01amel Cel~ 

O'eate Fl:xqllan ooss Sectltns 

Create street Segment 

Create street segment with a Po~lne 
O'eate Detention 11asn 
"'-d ard sediment Transpcrt 
Evaporathn 
MOOFI.()-20 Slrrulatlon 

Hyd'aulc SlructJ.res 

R.an 
Bream 
NCA.OCS 

Ctrlvert t-E-RAS xsec to R.o-20 

Convert 1-EC-RAS 01amels to R.<>-20 01amel Segments 

lee.e Proflle 

SITeet Profile 
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This command opens the Floating Variables Express Editor that allows interactive editing 
of Area and Width Reduction Factors (ARF,WRF), Infiltration parameters and Multiple 
Cha~mel Data. While the dialog remains open and you double click on an element the 
data corre ponding to the active tab will be loaded, where it can be edi ted. 

Floating Vanables Express Ed~or 

Reduction F f!d ors T lnfittratlon J Muhiple O'lonnels 
L----------L--~----~ 

Area Reduction Factor (ARF) r;;-:;----::., 
(70% surlace ore a loss: ARF• 0.7): 10.4 ..:..J 

Width reduc:tJon f~ctors 

N~~NE 

f0:7-::JE 
~SE 

essrgn Reduc:bon Fodors to Element(s) I 

Qose J 

5.6.9 Create Channel Segment Command (Tools Menu) 

Hep 
Optkros 

Measlre Dlstr£8 along Lhe 

COfrllUie Average Poht Rahfall Depth 

Interpolata Variable Rahfall 

Levee E>qress EdiiDr 

Floati1g variables E>qress Editor 

create Olarnelsegment 

create Olarnel segment with a Po he 

Cl"eate A Cl"oss SecUtn 

create a-ass 5ectklns File fi"om Existng ~ Olarnel eel~ 

create Fioo<Piah cross 5ectiJno 

creata Street segment 

Cl"eate Street segment with a Po~lhe 

create Detentxln Bash 

M.ll <n1 sed iment Tril"lSJlCI"l 
Evaporation 

MOOR.0-20 Slrrulatb-1 

Hydrault stru:tlres 
Rah 

Breach 

NOA.OCS 
Fh:l Watershed 

GalYert f-EC-RAS xsoc 10 FtD-20 

GalYert f-EC-RAS Olarnels 10 Fto-20 Olarnelsegments 

Leeve Profile 

Street Profi le 
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This command creates the channel network in an existing FL0-2D grid system using 
point and click tools a described below: 

1. On the Tool menu click Create Channel Segment 

2. The mouse pointer changes to a cross. 

3. To add a new g~id element to the channel eg~nent, click on first (upstream) gJid element 
of the seg~nent. While holding the left mouse button down, select channel elements as 
you move the mou e over the g~·id system. Use a background image to locate the channel 
with respect to the g~id system . Channel elements are joined by arrows to visua lize the 
channel location: 

\'· "' 17 
--t----t----t--+--+--+--+--+--+--+--+---+--l.-1..--+--+''· · ··.~· ~.-~:~: .' .. "-... ·-·>-· -t---t-

~--~-+--+--+--+-~--~-~~~~~~~tJ1--4~~~~--,_ 
~ v ':::..1 

-+--+-·-1-- --+·--!---+--+---!\....... r--

--J---Ir--+---+---+--....j..-..,.j..,........-f ... ,.. t- . -t---r--t--t---r---J---t---+--t-

I)' 

/ 

As the channel development progresses from one element to the next, only the eight adjacent 
elements can be accessed (see above figure). When the mouse pointer i near the center of the 
next element to be selected, a solid aiTow appears to indicate which element will be the next one 
in the segiTient. The u er can backup the pointer over the segiTient to unselect channel g~id 
elements. o clicks are necessary, the users only needs to sweep the pointer over the desired 
elements. The channel selection is comp lete when the user double-clicks with the left mouse 
button. 

To edit channel geometry parameters, click on a channel seg~nent. A submenu appear with 
several options: 

Select Edit Channel Segment Parameters and to display the Cha1u1el Seg~nent dialog box: 
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Channel Segment 

Segment control 

~ Roughness adjustment r;;--- Compute scour/deposrtion r;;---
Moximum Froude number: v-'·6 coeffiaent 10 with sediment transport routine 10 

Initial flow depth 
Initial flow depth for e1ll che1nnel elements: jo 

r lnrbal Flow 

Clle1nnel geometry 

Number of channel 
elements in 

1 
2 

Element 
1067 
1093 

Shape I Roughness I Length I left BanD 

N .075 51 
3 1120 N .072 51 
4 1147 N .072 54 

Interpolate Cross Sections 5 1174 N .05 53 
6 1202 N 05 53 

Calculate Rlght BMks 7 1229 N 05 51 
8 1257 N .05 49 

Exe1mine Right 8<1nks w 9 1286 N 05 57 ~ 
t,ssign this Shape r- Total channel 

to Selection: I segment length: ~648 .55 

Qoss section number. 11 

QK Cancel 

The channel data is govem ed by the fo llowing rules (refer to the CHAN.DAT fil e description in 
the FL0-2D Data Inpu t Manual for more detail ed di scuss ion): 

I . Maximum Froude Number: Set the channel roughness to a reasonable n-va lue and then 
et the FROUDC variable to an appropriate value (e.g. 0.95 to en ure subcri tica l flow). 

FL0 -2D will adjust the roughness va lues according to the limiting Froude number 
cri teri a. 

2. Roughness adjustment coefficient: This coefficient is used for depth variable Mann i11 g's 
n-values. This value can range from 0.00 to 0.4. 

3. Compute scour/deposition with sediment transport routine: This is a check box to 
compu te sediment transport in the channel segment. Checked the box if ediment 
transport is to be computed. In addition, I ED must be tumed "On" in CO T.DA T. 

4. Initial flow depth: When the initial flow depth f or all channel nodes is > 0, an initial 
depth is specified for a ll the charu1el element in that segm ent. Checking the Initial Flow 

h k b -f7 1iiTti.oiFioiM - · · · · d d. c 1 · c ec ox '·-------.. --~ reqUires ass1gmng tartmg an en mg water sur1ace e evatwns 
fo r the channel segm ent beginning with element Jsr node and ending with element last 
node. 
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F~rst Node w>tth Water Elevation Lost Node w>th Woler Elevation 

1 sl node· lo S1<Uting water a lev lo Lost node· lo Endmg water elev .. jo 

Interpolated water surface elevations are assigned to the channel elements in that 
segment based on the channel length. 

5. Each row in the "Channel Geometry" table cotTesponds to a channel gtid element. 

6. The "Geometry Regression Relation hips" data table is enabled only when a va riable 
geometry channel element of type "V" is selected in the "Channel Geometry" table. 

7. Depending on the channel element data base some columns may be di sabled. 

8. The editing of channel element data in each segment is achieved by pressing the "Edit" 
button. Interact with the table in the following dialog window to edit the channel element 
data (node, extension direction , roughness and length) : 

Channel Geom~try 

Element Sh Widlh De • 
1067 
1093 
1120 N .072 51 
11~7 N .072 54 
1174 N 05 53 
1202 N .05 53 
1229 N 05 51 
1257 N 05 49 
1286 N 05 57 

10 13H N 05 5t 
11 1342 N .05 51 

~ 111n n< " 
OJtand Peste 

Ass1gn th1s ~clue to 

.COpy OJrrent Row I Eoste~leded l Selecton. 

QK !;once1 

Add itional channel data insh·uction comments can be found in the CHA .DAT file 
descriptions. A few comments are highlighted here: 

• Di iding the channel into segments may simplify reviewing the results. Organize the 
channel segments and elements from upstream to downstream with the inflow grid 
element being the first grid element in the file or segment. 

• The key to channel routing is to balance the relationship between the slope, flow area and 
roughness. Channel routing i more stable if surveyed cross section data is used. Review 
the PROFILES program instructions for cro s section and channel bed slope 
interpolation. 

• If channel geometry is being simulated with regression relationships (SHAPE= 'V ') , 
then the area (A) versus depth (d) power relationships (A= adb) coefficients (a) and 
exponents (b) must be specified . Similar rel ationships are required for wetted petimeter 
and top width . If two power relationships are used to represent a natural cross section, 
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then the maximum depth (Depth for 2"d relationship variable) to which the first 
relationship applies must be specified. Some rules for applying the second variable area 
channel geometry relationships follow: 

1. The second regression applies when the flow depth is greater than Depth for 
2"d relationship variable, but does not include the lower flow area. The two 
variable area cross section relationships are unique and separate. The total 
cross section flow area is the sum of the lower flow and upper (second 
relationship) flow areas. The channel top width is computed directly from 
the second relationship. The area, wetted perimeter and top width are 
evaluated using the upper flow depth given by: (tota l depth- Depth for 2"d 
relation hip variable). To ana lyze the upper channel geometry using the 
XSEC program, only the cross section coordinates above the Depth for 2"d 
relationship variable are used. 

11. Channel geometry relationships apply only to flow depths that are less than 
the channel depth (lower than the top of bank). When the flow depth 
exceeds the top ofbank, then the channel geometry above bank is evaluated 
as a rectangle. 

111. Abrupt transitions between contiguous channel elements should be avoided 
unless they actually exist. 

IV. A preprocessor program XSEC is available in the FL0-2D subdirectory to 
detennine the regression coefficient and exponents. 

• Channel elements that are contiguous but do not share di scharge (e.g. parallel 
channels) must be identified with the NO FLO I and NOFL02 variables. List 
each pair of contiguous channel elements only once. 

• Channel elements that will not share discharge will the floodplain have to be 
identified by the NOEXCHANGE parameter. 

• To improve the timing of the flood wave progre s through the system, a depth va1iable 
roughness can be assigned on a reach basis. The basic equation for the channel element 
roughness nd as function of flow depth is: 

where: 

nd = nb r C e·(r2 depLh/dmax) 

nb = bankfull di scharge roughness 
depth= flow depth 
dmax = bankfull flow depth 
r2 = roughness adjushnent coefficient prescribed by the user (range: 0. to 0.4) 
rc = l ./e·r2 

Th is equation prescribes that the variable depth channel rouglmess is equal to the 
bankfull roughness at bankfull di scharge. If the user assigns a roughness adjustment 
coefficient r2 for a given reach, the roughness will increase with a decrease in flow 
depth. The higher the coefficient, the greater the increase in roughness. 

To modify the cha1mel elements in the cha1mel segment, select the Modify Channel 
Segment Command: 
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~.L<::.:J<c.''<··-1 --. r· ·· L.:·.:-1 -:-:. 
_, Edt Channel segment Parameters :"·, 

Modty Channel Segment 
Delete Channel segment 

--:--' Realign Channel 
Pbt Cross Sectk>n 

.,._, Assign Cross Sectk>n Number 
Pbt 3D Channel 

You have the same interactive graphic tools to add or delete channel element as described above 
in the Create Channel Segments Command. 

To delete an entire selected channel segment, select the Delete Channel Segment command: 
~..L "•.L·.:.: ·.~.- ... .l....-........L 

~ Edit Channel Segment Parameters 
Modify Channel segment 
Delete Channel Segment 
Realign Channel 
Plot Cross Sectk>n 
Assign Cross Sectk>n Number 
Pbt 3D Channel 

If the charu1el segment has assigned inflow hydrographs the following warning will 
appear: 

Channel Inflow/Outflow Cell Elements 

1067 

WARNING· The ebove grid elements heve inflow end/or 
outflow conditions associated With th1s channel segment 
This may cause errors during the Slmulotion. Would you 
like to delete this d'lannel segment? 

Yes Delete the 
segment 

If you select Yes, you will need to click on the inflow node(s) that wa assigned to the 
segment and reassigned to the floodplain in tead . 
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5.6.1 0 Create Channel Segment with a Polyline Command (Tools Menu) 

~~~ 
Meast.re D~tance along Lne 

CofTll.lte Aver<ql Ptlht Rahf.lll Depth 

Interpolate Variable Ranfall 

L....,. Elqress Ed11Dr 

Fbatrg Variables Elqress Ed11Dr 

Create c:harrel5ooroont I' Create Chamel 5egroont with a f'tllylne 

create A cross section 
Create Cross Sectioos File from Exlstrg N~ Chirnel Cells 
Create Floodplan Cross Sections 

Cream Street 5egrrent 

Create Street 5egrrent with a f'tllylne 

create Detentk::ln Bas" 
M.Jd ard sediment Transport 

Evap:ratm 

MXIFLC>-20 Sirrulatbn 

Hy&auli:: Sln.cbSes 

Ran 

Bread1 

NOF\.OCS 

Fhd Watershed 

Convert f-EC-RAS Xsec "'Fl()-20 

Convert f-EC-AAS c:harrels 1D FLC>-20 c:harrel5egrnents 

Leeve Profile 

Street Profile 

With thi s command you can create a charu1el segment more efficiently using simple mouse point 
and clicks. First cl ick on Crea te Channel Segment with a Polyline command; the cursor wi ll 
change to a cross and a you click the mouse, the channel segment wi ll be progressively created. 
To complete the segment, just double-click. 
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5.6.11 Create Cross ection Command (Tools Menu) 

- He\:> 
Optbls 

Measlre D~1<roce akrog Lno 

CoJflJ.JtB Aver<qJ Pont Ranfall Depth 

Interpolate Variable Ranfall 

Levee Express Edltrr 

Floatng Variables Express Editr 

Q-aate Olarrel Segrrsnt 

Q-aate Olarrel Segrrsnt with a Polylno 

a-eats A Cross 5ectkln 

Q-eaiB Cross Sectitns File from Exlstng N-shape Olarrel cells 

O'aaiB F~lan o-oss Sectbls 

Q-eaiB Street Segment 

O"eate Street Segment wtth a Polyline 

Q-eate Dela1tb1 Bash 

M.d ard Sedlrrmt Transpc:rt 

Evapcratoo 
MOOR.o-20 Slrrulatkln 

Hydraulic Sln£tlreS 

Ran 

Breach 
OOA.DCS 

Fi1d Watershed 

Cmvert f£C-RAS Xsoc ID FL0-20 

C<rnert f£C-RAS Charnels 1D FLD-20 Charnel Segrrmts 

Leave Profile 
Street Profile 

5.6.1 2 Create Cross ection File fi·om Existing N-shape Channel Cells Command (Tools Menu) 

He\:> 
Optbls 

Measlre Dls1<roce akrog Lilo 

Co"l'JJB Aver<qJ Pont Ranfall Depth 

InterpolaiB va-iable Ranfall 

Levee Express Edltrr 

Floatng Variables Express Editr 

Q-eaiB Olarrel Segrrml 

Q-eaiB Charnel Segrrmt with a Polylno 

Create A cross 5ectb1 
Q-eale cross Sectitns File from Exlstng N-shape Charnel Cells 

6 eate FbQC¥1iah 6 oss s:ectia'iS 

Oeata Street Segment 
Q-eale Street Segrrmt with a Polylre 

o-ea le Dela1tkln Basn 

M.d ard Sediment Transpc:rt 
Evapaatkln 
MOOR.D-20 Slrrulatkln 

Hydraulic Stru:t!res 

Ran 

Breach 
OOA.DCS 

Fi1d Watershed 

C<rnert f£C·RAS Xsac ID FLG-20 

C<rnert f£C-RAS Charnels 1o FLD-20 Olarrel Segments 

Leeve Profile 

Street Profile 
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5.6.13 Create Floodplain Cross Sections Command (Tools Menu) 

ili!!ii Hep 
~tlons 

Measu'e Dlsta-ce along Lhe 

corrp.ne Average Pont Ranfall Depth 

InterpolatE Va-lable Rai'lfall 

Levee Elqress Editor 

Floatl:lg Variables EJqress Editor 

O"eatE Charnel Seg,....,t 

O"eatE Charnel Segment with a Polylhe 

a-eats A cross 5ecttc:n 

O"eate cross 5ectklns File tram E Jsr 

Create Street Segment 

O"eate Street Segment with a Polylhe 

O"eatE Detentb1 Bash 

Mud and Sediment Transport 

Ev'!X"atb1 

MOOA.o-20 Sirrulatb1 

Hy1i' ault 51ru:1l.res 

Rah 

Breach 

NCflOCS 

Fro Watershed 

Convert 1£:-AAS Xsec to FLQ-20 

Convert 1£:-AAS Chame~ to FLQ-20 Charnel Segments 

Leave Profile 

Street Profile 

Cel~ 

This conunand will enable selection of grid elements for a floodplain cross section so that 
the FL0-2D model will ca lculate a hydrograph and compile hydraulic results for the flow across 
the cross section. You can create the cross section in an existing FL0-2D grid using point and 
click tools as described below: 

I. On the Tool menu click Crea te Floodplain Cross Sections. 

2. The mouse pointer changes to a cross. 

3. Locate and position the mouse over the first grid element i_n a li11e of gtid elements that 
will constitute the cross section. Click on his first grid element of the cross section and 
then while holding the left mouse button down select the cross section grid elements as 
you move the mouse over the grid system. Cross section elements are joined by lines to 
visualize the cross section location. As the cross section development progt·esses from 
one element to the next, only the eight adjacent elements can be accessed. When the 
mouse pointer is near the center of the next element to be selected, a solid arrow appears 
to indicate that that element is the next one in the segt11ent. The user can backup the 
pointer over the segtnent to unselect channel grid elements. No clicks are necessary, the 
users only needs to sweep the pointer over the desired elements. The cross section is 
completed when the user double-clicks with the left mouse button . 
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v 
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I/ 
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I I/ 
/ 

,_ 

4. Cross sections must be consists of grid elements in a continuous straight line and can 
only be in the four directions as indicated below: 

" / 

""' 
I/ 

~ / 

To edit the floodpl ain cross section grid elements, click on a cross section . A short-cut menu 
appears with tlu·ee options as shown: 

~ 

I / 

/ 
1/ 

1/ 
L 1/ 

r L.. 

Edit Floodplail Cross Section t--
Modify Floodplail Cross Section t--

[ Delete Floodplail Cross Section 

" 
_, 

elect Edit Floodplain Cro s Section to display the floodplain cross section dialog box: 

Floodplain Cross Sections 

Grid Elements Diection 

"' 352 
"' 384 
"' 416 
"' 448 
"' 480 

1 North 
2 East 
3 South 
4 West 
5 Northeast 

7 Southweot 
8 Northwest v 

Prnt SUIIlllll!ry lnforrMtion 

.QK .Cancel 

In the left data table are the giid elements that fom1 the cross section . In the right data tab le of the 
dialog box, select the direction for di scharge ca lculation. The cross section di scharge wi ll be 
computed for the selected flo w direction that is perpendicular to the line of cross section giid 
elements. The model will create three output file : 
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CROSSQ.OUT- This file contains the element grid hydrographs for each of the floodplain 
elements in the cross ection. The time and di scharge are li sted for each output interval. 

CROSSMAX.OUT- This file lis ts the max imum discharge, maximum flow depth and time of 
occunence for each grid element specified in the cross section analysis. 

HYCRO .OUT - The output interval time, top width, depth , velocity and di charge are 
listed for each cross section. The di scharge pas ing the cross section of grid elements is 
compiled as a hydrograph. The cross ection maximum discharge and the indi vidual grid 
elements are written to the CROSSMAX.OUT file. 

5.6.14 Create Street egment Command (Tools Menu) 

..........., Dist<roce along Lhe 

CoflllJie Aver ;qa Pont Rah fall Deplh 

lnterpola11! Variable Rahfall 

Levee Express Edi1D' 

Floattlg Variables Express Edi1D' 

Crea11! Charnel Segment 

Crea11! Charnel Segment wllh a Polylhe 

Creale A Cross 5a:tm 
Creale Cross 5ectilns File fi'om E•lsthg N-ohape Charnel Cells 

Creale Fioc:q:llah Cross 5a:tms 

Crea11! De1Entia1 Sash 

t.Ui aro Sediment Tr;rospcrt 

Evap7atlan 
MOOFlD-20 Slrrulatia1 

Hytraullc struc1>..res 

Ran 

Breach 

NOFI.OCS 

FhdWatE!rstal 

Convert f-ee-RAS Xsec 10 R.<>-20 

Convert f-ee-RAS Charnels 10 R.<>-20 Charnel Segments 

Leeve Profile 

Street Profile 

This command enables the creation of the streets in an existing FL0-2D grid system 
using point and click tools as described below: 

I. On the Tool menu click Create Street Segment. 

2. The mouse pointer changes to a cross. 

3. To add a new grid element to the street, click on first grid element of the treet segment. 
Then while holding the left mouse button down, the system selects street elements as the 
user moves over the grid system. A background map or aeria l photograph image can be 
used to locate the streets. The streets are identified by green elements and with a solid 
continuous line when been generated in the GDS . 
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As the street development progresses from one grid element to the next, only the eight 
adjacent elements can be accessed (see above fi gure). When the mouse pointer is located 
near the center of the next element to be selected, a solid line an·ow wi ll appear to 
indicate that the element wi ll be added to the street. The user can backup the pointer over 
the segment to unselec t street grid elements. No mouse clicks are necessary, it is only 
necessary to move the mouse pointer over the desired elements. To finish the street 
element selection, the u er double-clicks with the left mouse button . 

The street data assign ment is not complete until the user assigns the street flow direction, street 
widths and n-va lues in the street editor dialog box. When the user clicks on an existing street, the 
treet line will be colored in red and the following option appear: 

Edtt Stteet Patameters 

Modify Street 

Delete Street 

To edit the street data , select Edit Street Parameters to di splay the Street Parameters dialog box: 

Street Parameters 

Sbeet globol parome(efs 

Globol n-volue lor weet flow: ~ 

Gklbal street widh: ~ 

Mexm..m sheet Froode runber. ~ 

r Inflow 1-60ogroph wil ert01 sboet mtead o1 ftoodploin node 

Street local pmM'leters 

Sheet nome: ]Hwy26!N 

Flow ciedlon hom corte~ ol node ond weet wiclh: 

r Northwe;t r North r N01the..t 

r soutt..e.t r sooth r soutlleatt 

If the sbeet IIOdh ~ •"'!110d ZOIO volue the globol 
sheet Width a uted '" ~ deld 

Node Cub n-volue Elcvotion 
28 = 28 2264 .02 
:.l 2300 .02 
31 2337 .031 
3:2 2374 027 
33 2411 .026 
34 2449 .026 
35 2488 .026 
:J; ~v .025 

Remembe< to add the sbeet flow cieclions bv checkroo the dilectioo bo><es to the left 

QK Concel I 
The Street Parameter dialog box can also be accessed by left mouse button click on a grid 
element with streets and clicking on the Street Element button . The street flow direction in the 
lower left of the dialog box are required data and must be assigned after completing the Create 
Street Option above (Task 3 above). Instruction for entering street follow: 
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I. Global n-value for treetflow- Global n-value that is assigned to all the street elements. 

2. Maximum Street Froude number- When the computed Froude number for the street flow 
exceeds this limiting street Froude number, then-va lue is increased by 0.00 I for that 
street element. 

3. Global street width- Global assignment of treet width (ft or m) for all street elements. 
This treet width is superseded by individual street widths if the individual street width i 
greater than zero (see Flo11· direction from center of node and tree! width check boxes). 

4. Global curb height- Global treet curb height (ft or m). If the street curb height is 
exceeded by the flow depth, overland flow will result in the gJid element containing the 
street. This value is used to assign a street curb height globally to all street elements. 

5. Inflow hydrograph will enter the streets rather than .floodplain node - Check thi s box to 
have the inflow hydrogJ·aph enter the street rather than the floodplain portion of the grid 
element. 

6. Curb height- Optional curb height (ft or m) for an individual street element that 
supersedes the global curb height. 

7. Elevation - Optional individual street element elevation (ft or m). This elevation will 
supersede the floodplain gJid element elevation. If this value is zero, the model will 
assign the street elevation as grid element floodplain elevation minu the curb height. 

8. N-value - Optional street n-value for the individual street seg111ents within a given gJid 
element. This va lue super edes the Globaln-value.for street flow. If individual street n
va lue is zero, the global va lue will be assigned to the grid element tTeet segJnent. 

9. Street name - Character name of the street. Up to 15 characters can be used. The street 
name is not used in the FL0-2D model. 

10. Flow direction from center of node and tree! width - Streets emanate from the center of 
the gJid element in a star pattern of eight potential flow directions a show below. 

When a given flow direction box i checked a text box appears direct below the .flow direction 
check box to input the optional g1·id element street width for that sn·eet flow direction ISTDIR: 

Flow direction hom cent"' ol node Mod meet wdh: 

r Northwe.t r Nath r Noothe4Sl 

West 

ro----
r Southwest r South r SoutheMI 

By setting the text box to zero, the Global street width will be assigned to that sn·eet seg111ent. 

Additional n·eet data instruction comments can be found in the STREET.DAT file descriptions 
later in the manual. A few comments are highlighted here. 
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• Drawing the street outline with the Create t:reet Option does not complete the data 
assignment. You must click on the street and add the global street parameters, street flo w 
directions and individual street element parameters if they are different from the global 
parameters. 

• The street depth , width and n-va lues can be a igned globally for all the street grid 
elements. The street depth, width and elevation can also be ass igned for individual grid 
elements in the street local data fom1 by setting the e va lues greater than zero. 

• If the street eleva tion is different from the representative grid elevation assigned in the 
FPLAIN.DAT fi le, it should be specified in the treet Local Fonn otherwise the street 
elevation will be the floodpla in elevation 1pinus the curb height. These elevations are 
then used to detem1ine the street slope. 

• The street width should be less than the side of the grid element. The overall floodp lain 
surface area of the grid minus the streets surface area must be at least 5% of the original 
surface area (g~id element width squared). If the street surface area consume the entire 
grid element surface area, consider leaving out the smaller, less significant streets, 
reducing the treet widths or transfening one treet to a neighboring grid element. 

The street is assumed to extend from the center of the grid element to the grid element boundary 
in the eight fl ow directions. A street that crosses the entire g~id element is assigned two street 
sections and directions. 

5.6.15 Create treet Seg~nent with a Poly! ine Comm and (Tools Menu) 

Hep 
Opticns 

Meastre DIStance along Lhe 

co~ Averaqa Poht Rahfall Depth 

Interpolate \lariable Rah fall 

Levee ExJ;n!ss Ed11Dr 

Floatl-1g variables Express Edllcr 

create Ch<rnel segrrs1t 

create Ch<rnel segment with a Polylhe 

create A Cross Seclb1 

create cross Secticns File li"om Exisbng N-5hape Chime I Cells 

crea1a Fio<Jq>iah cross Sectltm 

Create Street 5esrnent 

create Street segment with a Pcly lhe 

crea1a oetentJon Bash 

"'-<lard sediment Transport 

EV<ipiY<itbl 

MOOA..D-20 Slrrulalb1 

Hyd-ault SlnJCtlres 

Rah 

Breadl 

NDA.OCS 

Fhd Waterol"ed 

CcnYart f£C-AAS )(sec to FLD-20 

CcnYart 1-EC-AAS Chime Is to FLD-20 Ch<rnelsegiTIB"ltS 

Leave Profile 

Street Profile 

With this command you can create a street seg~nent u ing simple mouse point and clicks. First 
click on Create Street Segment with a Polyline command; the cursor will change to a cross and as 
you click the mouse, the channel seg111ent will be progressively created. To complete the 
segn1ent, just double-click . 
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5.6.16 Create Detention Basin Command (Tools Menu) 

This command will help to design detention basins for flood mitigation . The detention 
basin is created by adjusting the g~id element topography to reflect the detention basin 
depression. o special FL0-2D components or data are necessary to utilize the detention basin 
feature. 

.. Hep 
Options 

Measlre Distanca along Lhe 

CO!TfiU1e Averag. Pont Ranfall Depth 

lntBrpolam variable Ranfall 

Levee Express Editor 
Floatng Variables Express Editor 

create 0\arnel Segment 

O"eam 0\<mel Segment wl1h a Polyline 

O"eate A Cross 5ectm 
O"eam Cross SectbnS File ~om Exlstl"lg N-ihape 0\<mel Cells 

O"eam Floocl>lan Cross 5ectiJns 

o-eam Street Segrrent 
O'eate Street Segment wtth a Poly! roe 

O"eam DeiBnli:Jn Basn 
PL(j iii SEihO'Slt l ranspcrt 
Evcp:ratk:Jn 

MOOR.o-20 Slrrulali:Jn 

11ytt ault Sln.cl!res 
Ran 

Breach 

Fl"ld Walershed 

COOV9rt f-EC-RAS X68C ID R.Q-20 

COOV9rt f-EC-RAS 0\arnels 1D R.o-20 0\<mel Segmenls 

l..ee¥e Profile 
Street Profile 

The procedure to create a detention basin depression in the gJid system topog~·aphy is as follows: 

I. The user selects the Create Detention Basin Command. 

2. The system displays the following message: 

fl0-20 Grid Developer System ~ 

i Click OK and then dr.,. • po/yQon to define • detention bosi-1 

OK Concel 

3. The user draws the polygon that defines the detention basin petimeter. The polygon is 
closed by double clicking on the last vertex of the polygon. 

4. The GDS wil l then request for the detention basin volume (ft3 or m3
) : 
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Detention Basin Volume 

Detention basin volume j1 200000Cj 
[ft"3~ 

QK ~ncel 

5. Input the de ired volume and c lick 'OK '. The system wi ll subtract a uni fonn depth 
(Detention basin height) from all the e lements included in the detention basin polygon 
until the detention basin volume is matched . The floodplain element elevations are 
lowered to account for the Detention ba in volume. 

If the user clicks on the detention basin polygons, the following menu appears: 

Delete Detention Basin 

When you c li ck on View Detention Ba in the fo llowing message is di played: 

FL0·2D Grid Developer System ~ 

Detention basin volume: I . 2E +07 
Detention basin height: 57 .14286 

I c:~::~::~K.:~::::::~!I 

5.6.17 Mud and Sed iment Transport Command (Tools Menu) 

Meas<re Dlstin:e amg l re 

CO"l'Jte Aver~ Poht Rahfall Depth 

Interpolate Variable Rahfall 

levee Exp-ess Ed11Dr 
Fbati:>;l Variables Express Ed11Dr 

create Olamel segment 

create O>amel segment with a Polylre 

create A Cross 5ectlon 

Create Cross sections File ffom Exlsti:>;liHhape 01..-nel cells 
create Fbcq:>lah Cross 5ections 

create Street segment 

create Str..,t segment with a Polylre 

Create Detentiln Bash 

M..d and Sediment Transport 

Evaporatb'l 
MOOA.o-20 Slrrolatlon 

Hy<tault Strucllreo 

Rah 

Breacl1 
OCfi.OCS 
Fi"d Wiit!:nh>j 

Cornert 1£:-RAS Xsec to R.o-20 

convettf£<:-RAS Olamels to R.o-20 OlamelsegmeniS 

Leeve Profile 

Strffit Profile 
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This command allow entering mud flow or ediment transport data u ing the fo llowing 
dialog box. 

Mud and S.edtmeont Transport 

Sedimem Routing 

Jv ong 

r Use S1ze Frcdlon 

I Mud I Debns ( None 

Specific Grovily. j2.6s
DrySpecificWeight ~ 

SedimeniOSOSIZe(mm) ~ 

Sediment Gradation Coeffiaent ~ 

_j 

~ 

I Use Sediment Supply Rating OJrve 

SEDTRANOUT 
Report Node. 

Comme.ndl I 

~--~...;_;_____;-.;; _ _..c...;;-"-' ---.::..:J 
~--~~~~~~~~~._~ 

__:___j 
_j 

~~~~~~~~~ 

____:j 
_j 
_j 

MOXJmun Scour 
Oeplh(opbonl>l). ~ 

Debris 8ClSin Parameters 

g~~~~~~=~t 1° Debri~~~~~. r.10----

Rigid Bed Nodes 

::J Node. r--~ 

QK 

5.6.18 Evaporation Command (Tools Menu) 

-He~ Optiro 

Measlre Distrce alorg LF'e 

COrrp.Jte AW!rage PoFlt R.ahfall Deplh 

interpolate V.rlable RaFlfall 

l.BWiO-EdiUJ" 
F.,.,~ Va-~l&s Exp'tiiSIS EdltD' 

~ Olcrrel Segment 

o eate 0\cn'el Segment wl1h ~ PDI)'Ine 

CraatB A O'oss Sact:la"' 

(;en eel 

Oeats o-oss SectXra File fi"om E.l\5~ N1hape Ol;rrel eels 
Chi* Fbclq)lain O"oss Sectlcrli 

O"eate Street Segment 
O'eate Srreet SEgn&"ll wl1h a Polyline 
O'aats Datllnti:rl Bash 

M.d .n1 Sedmrt Tr!'!Sf)(!t 

MCXRo-20 SimJiatlon 

Hyaootlc 511\Jco.res 
Ran 
B<each 
IO'l.OCS 

FrdWa-

ca-rwn t£C -AAS xsec 10 R.o-20 

Corr¥Erl~-RAS Chcrna5 to R.c>2D Ola-nel Segments 

L..eeveProflla 
Sb'aetProflle 
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Evaporation 

Ste~ of the Simulation 

Month: IJenuiOJY iJ Dey:~ lime: ro--iJ 

Monthly Evaporation 

Monthly Evaporation Rate 

Evep.Rete 
JMUIOJY 0 
FebrUIOJY 0 
March 0 

l "-4lril 0 
~ey 0 
June 0 
July 0 
August 0 
September 0 
October 0 
November 0 
December 0 

Hourly Percentage of 
D~ly Evaporation 

Evap.% 

l__g 0 
1 0 

12 0 
13 0 
14 0 
5 0 
6 0 
7 0 
8 0 
1--g 0 
lli) 0 
Ill 0 
112 0 
113 0 
'14 0 
'15 0 
!16 0 
117 0 
~ 0 
19 0 
12ii 0 
If, 0 
l2z 0 
123 0 

Toto.l Deily Evaporation 0t should be 1 )· ~ 

Cancel 

5.6.1 9 MODFL0-2D Simulation Command (Tools Menu) 

Measlre Oistarce alalg Ltle 

Co~ Aver;ql Poht Rahfall Oeptl 

lntB'p:llate Va-lctlle Rai'lfall 

Levee Express Editor 

Fbalr9 Va-lables Express Edl1cr 

Crea1B 0\arrel Segment 

Create Chamel Segment with a Potylhe 

Create A O"oss Sectb'l 

Create O"oss Sectbl$ F~ fi'om Bcisti'lg N-shape Charnel Cells 
CrBclte Fb:l¢1ah Cross Sect:iJ'1s 

Create Street Segment 
Create Street Segment wfth a Po~lne 

create Oetentb1 Bash 
M..d Cl'ld Sediment Transp:rt 

Ev:pratm 
MXA..D-20 Slm.Jiation 
1-f'ytt"auli::Stn.ctl.res 

Ran 
~!reach 

OOR.OCS 
Fh:l Wala'"shed 

Convert >EC-RAS Xsec to A.C>-20 
Convert >EC-RAS Charrols to A.C>-20 CharroiSegmonts 

l.eeYeProflle 
Street Profile 
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This conunand allows entering data to simulate surface and groundwater flow using the 
MOD FLOW integration. There following tabbed dialog box provides input fields for a 
subset of M ODFLOW data. A separate manual explain in full the capabiliti es of the FL0-
2D MODFLOW link, also called M ODFL0-2D. 

MOOFl0· 2D Vanablt?S 

Oisaetization and Ba.aic 
Pack.!llgc Vlll1inbl os 

lnputRiesNome r----

Block-tent.e1ed Flow Pacbge Time-VDI'rMI Speofied+ieCld Opbon 
Variables Vanebles 

TmeUnii(ITMUNQ lundaMed iJ 

Loyer Variables Suss Periods Vorlable• 

SoMu 

Number ol l oyen; (NLA'() r--- Number of Sir est Penods (NPER): r---

Addleyer 
f" Ab<MO 

c;; Below 

EdiiO.rent Loyer~ 

Delete O.ment layer Row I !
(" """"" 

_Ad_ dS.._ •_•Po_ rio_,d Ci Below 

Edit OJrrenf Stress Penod Ra« I 
Oele\9 CUrrerrt 51ress Penod Raw I 

5.6.20 Hydraulic Structures Command (Tools Menu) 

t.'eastse Olstan::e akrq li'le 

COrrp;ta Average Poi1tRahfa11 Depth 

Interpolate Variable Rahfall 

l<M>e Express EDitor 

Fk>atrg Variables Express EDitor 

Create Chamsi Segment 
O"eaiB Chama/ Segment wlfh a Poly/he 

create A Cross Sectm 

Create Cross Sections File trom Exlstng N-shape Olarrel Cells 

O"eate Fkxlqllah Ooss SectiJns 

create Street Segment 
O'eate Street Segment wi1h a Polylile 

Create Oetentkln Bash 

M..d and Sediment Transpat 

Evaporatlal 
t¥OJFL<:r20 Slrrulatm 

Ran 
Breach 
NCROCS 

Fi"d WaiB'shed 

Convert 1-EC--R..AS X8ec to R.o-20 

CmverHK -!<AS o.rne1s 10 Fl()-20 o.rne1 SEgments 

Leave Profile 
Streetfl"oflle 
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The Hydraulic Stmctures command allows entering data required to simulate culve1ts, 
bridges and any other hydraulic structure that can be represented with a rating table or 
rating cw-ve. 

HydrauliC Structure.s 

l-lydraulic System Strudures 

Struc:tureNeme 

Structure Rating T o.ble 

OK Con eel 

~ 
__j 
__j 

The create Inlet and Outlet Grid elements Command is used to interactively enter the 
required inlet and outlet element for any hydraulic tructure. 

- Hal> 
~~ 00 ·~ ~~~ 
Meastse Distance alorg lhe 

Coi'1'Jl,Jte Avwaga Poht Rai"lfall DEpth 

Inta'pOiats V.¥1able Rahfall 

Levee Express Editor 

F.,.thj V<rfabfes E.qress Editir 

a-eate 0\crnel segment 
Cr&OIIB Olirnsl Segmant whh 01 Polylhe 

Create A cross Secti:n 

Create Cross 5ectilns Filo lium Elclsthj.......,., Cha-n!l Cells 
Create Flclcqllah CrCM SE!ctbls 

Create Street Segment 

create Street Segment wNh a Potylhe 

O'eate Detmtb1 Basfl 
M.JCI a"'d Sedlmont Transport 

Evapcratm 
M.XlflQ-20 SlrrulatDl 

Ran 
ereacl\ 
OOR.OCS 

Cor'Mrt I-EC1W3 Xsec to R.o-20 

cawert f-EC-RAS Olinlels bJ R.D-20 ChaTel Segments 

Leeve Profile 
Street Profile 

Create New hlet ¥'1:1 OJU..et Q-tj Elements 

Seloct ExlsthJ Hya-aulk: SVUcUe 

The Select Existing Hydraulic Structure command allows editing data for a previously 
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defined structure. 

Measu"e Distance along Lne 

CorTlJUlE! Aver"'¥' Pont Ranfall Depth 

Interpolate variable Ranfall 

Levae~EdrtDr 

Featl'lg variables ~Editor 

create Ch.rrel segment 

create Ch.rrel segment with a Po~lne 

create A Cross Sect.01 

create cross 5ectia1s File li'om Exlstng N-shape Ch.rrel cells 

create F~lan cross 5ectloos 

create Slreet segment 
Create Street Segment with a Polylhe 

create Detentkln Basn 

MJd om Sediment rr ansport 

Ev~atkln 

I'IODA.o-20 Sirrulatiln 

Ran 

Breach 

"--flDCS 
Fi'od Watershed 

Convert I-£C-RAS Xsec to FLo-20 

convert t-£C-RAS Ch<ITlels 10 FLo-20 Ch.rrelsegments 

Leeve Profile 

Slreet Profile 

5.6.2 1 Rain Command (Tool Menu) 

liii Hell 
Options 

Measu'e Dlst.rce along Li1e 

COrTlJUlE! AVe<"9£! Pont Ranfall Depth 

Interpolate Variable Rai1fall 

Levee Ex~ess Editor 

Floatrog Variables Exr:ress Editor 

create Charrelsegment 

create Charrelsegment with a Polylne 

create A cross 5ectkln 

99 feet 

create cross Sections File fi'om Exl&ti'lg N-shape Ch<ITlel cells 

create F~lan cross 5ectlons 

create Slreet segment 

create Slreet segment with a Polylne 

create oetenuon Basn 
M.Jd and Sedlll1Ent Transport 

Ev~ation 

f'IODA.()-20 SirrulatDl 

Hy<J'ault Stru:llres 

Ran 

Breach 

"--flDCS 
Fi'od WaTErshed 

conv.rt I-£C-RAS Xsec ID Fl()-20 

convert I-£C-RAS Ch<ITlels to FL()-20 Ch<ITlel5egments 

leeve Profile 
Slreet Profile 

The Rain command allows entering data to simulate rainfall input over the FL0-2D grid . 
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r Reoi·-Time Rom!OII r Oepth·Auto Reducbon Values r Movmg Storm 

Totel StormRcinteJJ. ro--- Rainfall Abstracctian ro---

~~ Oele1e_j 

Time 
Percem oi Total 

Rclnlcl 

r-- r--

__j__j __j 

r 

r 

r 

r 

r r 

OK Concol 

5.6.22 Breach Command (Tools Menu) 

t.'eaSlre Olst<rce along Lhe 

COrTp.Jte Average Pont Ranfall Oep1h 

Interpolate va-lablo Ranfall 

Lev.., Exp"ass EdiUJr 

Fbatrlg Va-lables Exp"ess Editor 

create Oon-el Segment 

Creale Oon-el Segment with a Po~lhe 

Create A Cross 5ectkrl 

crea1e Cross Sections File !Tom Exlsthj N-shape Oon-el Cells 

Create Floo<\:llan Cross SectiJns 

creale Sb"eel Segment 

create Street Segment wlth a Polylhe 

create Oetentbl Basn 

M.d ard Sediment Transpat 

Evapcratk:n 

M:XR..D-20 Slrrulati:n 

Hyttault 5tructlres 
i1 

Breach 

NOF\.OCS 

Fh:J WalershOO 

Cawert ...ec-RAS Xsec to FLD-20 

Ccnvert f£C-AAS Oon-els 1D FLD-20 Oonlel Seg1TB11s 

Leeve Profllo 

Street Profile 

This command is used to enter levee breach data for the computed breach option . 
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Global Breach Data 

Breach Variables 

r Levee Fragility Curve 

Global Geometry Data 

Upstream Face Slope: j2 

Downstream Face Slope: .--,2---

Core Average Face Slope: jo 

Crest Width:j ,...5---

Crest Length: jo 

Global Core Data 

Mean Sediment Size: jo 

Porosity: j.--0---

Unit Weight: jo 

Manning's n-value: .--jo __ _ 

Global Shell Data 

Mean Sediment Size: jo.2s 

Porosity:j ,...0_.4 __ _ 

Unit Weight: j1 DO 

Manning's n-value: ,...,0-.0-6--

Global Miscellaneous Data 

Initial Breach Width/Depth jl 
Rat1o: 

Average Grass Length: j.-o---

Downstream Grass Condition: jo 

Maximum Grass Velocity: j.-0---

OK 

1 
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Individual Breach Data 

Maximum Bottom Width: jo 

Maximum Top Width: j.-0---

Pipe Bottom Elevation : jo 

Weir Coefficient: j.-3.-05--

Angle of Internal Fridion: jo 

Cohesive Strength: ,...jo __ _ 

Core Sediment Gradient: jo 

Angle of Internal Fridion: j3D 

Cohesive Strength: .--j, -=-oo:----

Shell Sediment Gradient: jo 

Max Sediment Cone: jo 

Riprap Size:j 'o __ _ 

Riprap Gradient jo 

Time to Initiate Failure:j .-0-.1--

Cancel 
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Levee Fragility Curve Data 

Breach Variables 

Global Breech Date. 

Global Failure Mode 

(i No Failure 

I Prescribed Failure l I Breech Failure 

Individual Breech Date. 

.03 

.15 3.5 

.5 

~ ----r -----7 .85 

------'1 ~~ . 

___.H 

OK Cancel 
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Individual Breach Data 

Breach Variables 

Levee Fre.gi lity Curve 

Globe.l Bree.ch De.te. 

• 

OK Ce.ncel 
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5.6.23 NOFLOCS Command (Tools Menu) 

Moaslre Dlst;nce akrog Lhe 

COrrp.rtE Averaqe Poht Rahfall Depth 

InterpolatE Variable Rahfall 

Levee Express Editor 

Floati1g v ... lables Express Editor 

creatE Chamel Segment 

creatE Chamel Segment with a Polylhe 

Oeate A Cross SectJon 
creatE Cross Se:tions File from Exlsti1g ~ Chama! Cells 

creatE FkJodplan cross sections 

Oeate Street Segment 

Q-eate Street Segment with a Poly! he 

creatE Detention Bash 
r>Uj am sediment Transport 

Evapcratir'l 
MOOR.C>-20 Slrrulatlon 

Hy<rauli: stru:n.res 

Rah 

Breach 

OOA.OCS 

Fhd WatErshed 

Cmvert 1£:-RAS Xsac 1D FLC>-20 

Cmvert 1£:-RAS Chamels 1D FLC>-20 Chamel Segments 

Leeve Profile 

Street Profile 

- Hell 
Opt.:ns 

Moaslre Dlstne akrog Lhe 

COrrp.JII! Averq Poht Rahfall Depth 

ln1ErpolatB v ... lable Rahfall 

Levee Express Editor 

FloathJ v ... lables Express Editor 

o-eate Chamel5egment 

Q-eali! Chamel5egment with a Poiylhe 

o-eate A cross 5ectlon 

Q-eali! cross 5ectlons File from ExlsthJ ~Chama! Cells 

o-eate Fbodplan cross Secti:ns 

Q-eali! Street Segment 

cream Street Segment with a Poiylhe 

Q-eali! Detention Bash 

r>Uj am sediment Transport 

Evapa-atb'l 

MOOFI.C>-20 Sirrulatlon 

Hy<rauli: Strudlres 

Rah 

Breach 

convert 1£:-RAS Xsec ID FLC>-20 

convert ~te-RAS Charnels 1o FLC>-20 Chamel5egments 

Leave Profile 

Street Profile 
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5.6.24 Find Watershed Command (Tools Menu) 

Me....,.e DIStn:e aklng Lhe 

corrp.ne Av..-aga Pont Rahfall Dep!h 

IniErpolate Variable Rantall 

Levee Exj:tess Ed IIDr 

Fbathg Variables Elqress Editor 

Create Charnel Segrrent 

Create Charnel Segment wi!h a Polylne 

Create A Cross 5e<:tJon 

Create Crass Sections File from Exlsthg N-.hape Charnel Cells 

Create F~lah Cross Sectltns 

CrealE Street segment 

Create Street Segment wllh a Polylhe 

Create DetEntion Basin 

M..<t ard sediment Tr~t 

Evapcratk:n 

MOOR.D-20 Sirrulaticr1 

Hyd-ault Struct.res 

Rah 

Breach 

NOROCS 
FhdWatershad 

cawert f£C -AAS Xsec to FLD-20 

Gawert f£C-AAS Charrels to FLD-20 Charnel Segments 

leeve Profile 
Street Profile 

5.6.25 Convert HEC-RAS Xsec to FL0-2D Command (Tools Menu) 

Hep 
Options 

~e Distance aklng Lhe 

COrrp.Ite AV&faga Pont Rahlall Deplh 

IntsrpolaiB Variable Rahlall 

Levee Elqress Edltu 

Fbathg v ... iables Elqress Edttu 

CreaiB Charnel Segment 

CreaiB Charnel Segment with a Polylhe 

create A cross 5ectkln 

CreaiB Crass Secllons File from Exlsthg N-.hape Charrel Cells 

Create F~lah Cross Sections 

Create Street Segment 

Create Street Segment with a Polylne 

CreaiB De!Bntlon Bash 

M..d ard sediment Tr""''l'rt 

Evaporatitw'l 

MOOR.D-20 Slrrulattn 

Hy<:rault Struct.res 

Rah 

Breach 

NOROCS 
Fhd Water>llaJ 

cawert f£C-RAS Xsec to R.D-20 

cawert f£C-RAS Charnels to R.D-20 Charnel Segments 

Leeve Profile 

Street Profile 

This feature will read cross section data available in HEC-RAS fom1at, convert it to FL0-
2D fonnat and save it to XSEC.DAT files. The GDS reads the HEC-RAS file , locates the cross 
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ction and refonnat the eros section section key words, extracts the x, y, z data from each cross se 
data for the XSEC.DA T file. When this process is completed 
let the user select the loca ti on of the output XSEC.DA T file. 

, another fi le dialog box appears to 

5.6.26 Convert HEC-RAS Channels to FL0-2D Channel Com mand (Tools Menu) 

- Hop 
Optlcros 

Measu"e Distarce alorg Li"le 

CoflllUIB A""age Poht Ranf.ill Oeplh 

ln1B]lolate Variable Ranfall 

LEM30 Express Ed I1Dr 

Floatng Variables Express EdiUJf 

Create Olarnel Segment 

O"eate Charrel Segment with a Po~lhe 

Create A Cross Section 

O"eate Cross Sectlcros File ~om Exbtrg N-shape Charre 

O"eate F~liln Cross Sectilns 

O"eale SVeet Segrrent 
a-eats Street Segment wl1h a Polylne 
o-eate Oetentb18ash 
M.J:j ard Sediment Tr.:n;pat 

EvC4JCratbn 
MCX:Iflo-a> Slrrutatbl 

Hyaault Stru:tLres 
Ran 
Bread1 

Fird Watershed 

CO'lverti-EC-RAS Xsec to R.C>20 

I cells 

Convertf£C-RAS Olamels to R.D-20 Charrel Segments 

L"""' Profile 
street Profile 

5.6.27 Levee Profile Command (Tools Menu) 

He I:> 
Optiros 

Measu-e Distance along Lne 

Corrp.J18 Average Pont Ranfall Deplh 

Intsrpola18 Variable Rahf.l ll 

Levee Express Edl1or 

Floathg Variables Express Editor 

o-eate Chamel segment 
O"ea18 Chamel5egment with a Po~lne 

o-eate A Cross Section 

' 

' 

' 

O"ea18 Cross Sectlone File rom Exlsthg II-""'"' Chinle I Cells 

O"ea18 Fk>oci:Jian Cross Sectlone 

O"eatB Sb"eet Segment 

O"ea18 Sb"eet Segment with a Po~lhe 

o-eate Detentbl Bash 

M..d and sediment Tr...-.spcrt 
Evapaatbl 

MODA.D-20 Slrrulatbl 

Hydrault S1ruc11res 

Rah 

Breach 
NGA.OCS 

FhdWatsrshed 

Cawert f£C-RAS Xsoc to FLD-20 

1s cawert f£C-RAS Chamois to FLD-20 Chama I 5egmen 

Leave Profile 
Sb"eet Profile 
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This tool will display levee crest elevation profile of a selected levee segment along with 
the corresponding grid element ground elevations. To activate this tool , click on the command 
Levee Profile and then click on one of the g~id elements that contain a levee. GDS wi ll detennine 
the continuity of the levee and change the levee color to dark g~·een to identify the selected 
elements as shown in the figure below. 

Then GDS will di splay the levee profile as shown in the following plot: 

.. l t•vf'C o lllcl\wl.uc l l~v..lu.ur. ,-_ 11!"" ~ 

Levee Creot and Ground Elevation• ----e--~evce 

_..,_GtOUJid 

§ E E E 
0 0 ! ~ ! ~ ~ ~ E ~ 

. . 
E 
. 

~ ~ 
. . . . . . . . . . 

" 
. . 

" ~ 
. . 

" 

.... 

"" 

"" 

4680 

.. ,. 

"" 
100 200 '" 600 

Using thi s Formatting Menu on the tool bar, the GDS will display the following dialog box so 
that you can customize the plot including the minimum and maximum elevations (Y -axis), legend 
position and angle of labels . 
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5.6.28 Street Profi le Command (Tools Menu) 

B!!il Hap 
Options 

w.ea.u-e O~tance along Lhe 

CofllllJfe A,...oge f'I:Jht Rahfa/1 Depth 

InterpolatE V<rlable Rahfall 

Levee Exp"ess EdltDr 

Floatr.g V<rlables Exp"ess Ed11Dr 

Create Ol.rrel Segment 

Create Ol.rrel Segment with a Polylhe 

CreatE A Cross Section 

Create Cross Sections File !Tom Exlstl1g N~ Ol.rrel Cells 

CreatE Fioocplah Cross Sections 

CreatE Sb"eet segment 

CreatE Sb"eet 5egment with a f'I:Jiylhe 

Create Oet!!ntkln Bash 

r.\.d ard Sediment Transport 

MCXJA.G-20 S1rrulatkln 

Hy<taulic SlrUCU.res 
Rail 

Breach 
NOFLOCS 

Fh:l Wata"shed 

Ccrnert 1-EC-RAS xsec 10 FLG-20 

Convart 1-EC-RAS Ol.rrels 10 FLG-20 Charnel Segments 

Leave Profile 

StreetProfle 

This command wi ll create a street and ground elevation profi le. To access this too l, click 
on the Street Profile Command and click on any street element. The GDS wi ll display the street 
profile as shown: 

StL~~l C<~~l <tnd Ground Elt!v .. llons 

... 
...,, ... .._....,.., • .,..ou\ • (h.• 

Similar to the Levee Profile Command, use the Forma/ling command on the tool bar to di spl ay 
the fo llowing dialog box to customize the plot including the min im um and maximum elevations 
(Y -axis), Legend pos ition and angle of labels . 

150 



• 

• 

• 

Fotmatting 

5.7 Help Command: 

Y axis max: 14700 

Y axis min: 14670 

Legend Position 

I NorthWest lo NorthEast 

I SouthWest I SouthEast 

Angle of Labels: j45 :::J 

I L:: ::::::: :::q:~::::: : : ::::Jj Cancel 

The Help Command accesses the onli ne help system that contains es entiall y all the 
infom1ation in thi GDS User Manual. 
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PREFACE 

FL0-2D INPUT DATA OVERVIEW 

This manual describes the FL0-2D Pro Model data input parameters and their 
format. The FL0-2D data consists of a series of ASCII files organized by model 
components. A flood model starts with routing a hydrograph over an unconfined 
floodplain surface. This model can then be expanded with channel flow or other 
components. Flood simulation detail can be enhanced by adding rainfall, infiltra
tion, hydraulic structures, levees, mudflows, sediment transport, rills and gullies, 
storm drains, buildings and flow obstructions. These components are initiated 
through on-off switches found in the control data file (CO T.DA1). If the com
ponent options are "turned on", then the appropriate data files must be created. 

To conduct a basic FL0-2D flood simulation, six data files must be created. These 
files can be automatically generated (error free) using the grid developer system 
(GD ) program. The six required files for ba ic overland flow simulation are: 

FPLAIN.DAT 
CADPTS.D T 
CO JT.DAT 
TOLER.D T 
I FLOWDAT 
OUTFLOWDAT. 

The FPLAI .DAT and CADPTS.DAT files contain the topographic data. 
CO T.DAT and TOLER.DAT contain control and numerical stability data and 
consist of only a few lines of data. FLOW.DAT contains the inflow hydro
graph and 0 TFLOW.DAT contains outflow nodes and optional outflow water 

• 

• 

• 
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surface control. There are two new data files in the Pro model to assist wid1 GIS 
and C DD program integration: TOPO.DAT (coordinate data and elevation) and 
MAN I GS_ .DAT (cell and roughness n-value). The user is encouraged to start 
simple with a basic overland flow simulation and build the Rood detail into the mod
el one component at a time to observe the effects of each feature. Pre-processor 
programs such as the Grid Developer System (GDS) and PROFILES that facilitate 
developing and graphically editing the data files. 

There are several ways to edit the FL0-2D data files. Since the data files are written 
in SCII format, they can be edited in any ASCII editor such as Microsoft Word
Pad®, TextPad®, UltraEdit®, and others. The GDS program enables multiple 
selections of grid elements to edit spatially variable data with mouse point and click 
commands. The PROFILES program can be used to edit channel and cross sec
tion data. 

There are also two ways to run a FL0-2D simulation once the data files are con
structed. The Pro model can be initiated from the GDS and a FL0-2D Rood 
sin1Ulation can also be started by copying the FLOPRO.E../ file into a project 
subdirectory and double-clicking on the file name FLOPRO.EXE in a Windows 
browser. When the model is running the user has the option of graphically viewing 
the flood progression over the grid system. An inflow hydrograph and the rainfall 
temporally distribution is also displayed. Upon completion of the flood simulation, 
there are post-processor programs (MAPPER, MAXPLOT, PROFILES and HY
DROG) that will assist in reviewing the results . 

This Data Input Manual includes descriptions of the processor programs, data vari
ables and file format, and output files. Each data file description contains a list of 
variables, variable definitions and instructional comments. The instruction com
ments at the end of each file description provide hints for data organization, range 
of data values and data limitations. For a discussion of the physical processes being 
simulated please refer to the FL0-2D Reference Manual. 
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CHAPTER 1 

FL0-20 INSTALLATION AND GETIING STARTED 

1.1 G ENERAL 

This manual can be used to help create the FL0-2D input data and review the 
output data. It has chapters on getting started, resources, pre processor progran1s, 
data files, output files, post processor programs and troubleshooting. Chapter 4 
can be a useful tool when learning to build data files. It breaks down each data 
file into a set of variables and gives a definition and instructional comments for 
the data files. 

FL0-2D is recommended for Windows 7 or 8 computers with 64-Bit operating 
systems and steady state hard drives. To generate and edit the data files, the Grid 
D eveloper System (GDS) processor program is used. The GDS facilitates as
signing spatially variable data and automated interpolated data from shape files . 
PROFILES is used to edit channel geometry data. D ata files can also be edited 
using an ASCII text editor such as UltraEdit0 or otePad0

. 

1.2 FL0-2D I NSTALLATION 

FL0-2D is compatible with recent versions of the MS-WindowsTM operating 
systems including Windows 7 and 8 . The FL0-2D Pro model has been com
piled for 64 bit multi-core processor computers. You cannot run the Pro Model 
Executable on a 32-bit computer. The GDS can be used on 32-Bit or 64-Bit op
erating systems. Recommended minimum computer requirements are at least 4 
GB RAM and 16GB of available hard disk space. To load the Pro model system 
onto the computer hard drive, unzip the installation file and double click the file 
FL0-2D-PRO-Setup.exe file. Follow the installation instructions as they appear 
in the dialog boxes on the screen. It is necessary to select a subdirectory for the 
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Hint: 
When sending data files 
for tech support, zip 
together only •.DAT 
file and send them to 
contact@flo-2.d.com 

installation. The default is C:\PROGRAM FILES\FL0-2D PRO. The FL0-2D 
model, and all the processor programs are loaded into the FL0-2D folder. The 
FL0-2D resource @es are saved to the FL0-2D D ocumentation folder under C:\ 

sers\Public\Public D ocuments. These @es include helpful resources such as user 
manuals, example projects, lessons and PowerPoint presentations and instructional 
handout . 

1.3 UN-INSTALLING THE FL0-2D SoFTWARE 

Remove the FL0-2D program and all of its attendant software from the computer 
with the Windows system uninistall command. When removing the model, if the 
option to keep shared DLL/OCX @es is displayed, do not remove them from the 
computer. The GDS uses several shared DLLs that may be essential for other appli
cations. To completely remove the FL0-2D @es, delete the FL0-2D Folder from 
whatever location it was installed. If FL0-2D folder contains project @es, move 
them or back them up before un-installing or re-installing the model. 

1.4 G ETTING STARTED 

Updates 

• 

When starting a new FL0-2D project, first visit the website www.flo-2d.com/ 
download and download any executable updates. ew features are frequently added • 
to the model. D o not hesitate to notify us of any apparent programming bugs or 
problems that are encountered and we will address as soon as possible. Program re-
visions are listed on the web ite in the FL0-2D Pro Model Revisions document. 

Tutorials and Lessons 

The lesson book Workshop Lessons is located in the FL0-2D help folder (FL0-2D 
D ocumentation \ flo_help). It has step-by-step instruction of how create and edit 
detailed flood components. 

Seeking Assistance- Technical Support 

end technical upport questions by e-mail to contact@flo-2d.com. If there is a 
specific problem that needs to be resolved, zip the data files (only the *.DAT files, 
no output @e *.OU1) and attach them to the e-mail along with a brief description 
of the problem and the project. Before sending the files, try to reduce the problem 
to its simplest form by turning off all those components that are not part of the 
problem. For example, if the problem involves channel volume conservation, turn 
off the streets, buildings and levees and run the simulation again to determine if the 
problem still persists. Try to identify when the problem is first observed during the 
simulation (review MMARY.O 1) so that it is not necessary to run the entire 

• 



• 

• 

• 

simulation to replicate the error. Often this process alone will help to resolve the 
problem. 

Questions regarding a project application are considered to be technical consult
ing and outside the scope of data input technical support. If assistance is needed 
on a project, reasonable consulting fees can be discussed to provide guidance and 
oversight. 

Hydrology, Base Mapping and DTM Points 

DIM Data 

To start a FL0-2D model, define the project area and compile available 
mapping, imagery and digital terrain model (DTM) data which might con
sist of LiD R data, shape files, contour maps or digital elevation model 
D EM data. The imagery and DTM points must have the same coordinate 
system. The most common formats for digital imagery are *.tif, *.sid and 
*.jpg files and the images must have corresponding world files (e.g. *.tfw, 
*.sdw and *.jgw). If photogrametric or LiDAR data are not available, D EM 
data can be used. E levation data formats that are accepted by the GDS are 
ASCII x y z data sets and ArcGIS elevation shape files . 

Hydrologic data 

Hydrologic data for a flood simulation can include both rainfall and dis
charge hyclrographs. The rainfall runoff in a FL0-2D watershed model 
can be modeled as the project result or it can be used to generate inflow 
flood hyclrographs for downstream flood routing. In either case the hydro
logic data should be carefully reviewed because the area of inundation is 
determined by the flood volume. 

Floodplain and channel detail 

If river channels, bridges, culverts, buildings and streets are to be simulated, 
the user must be able to locate these features with respect to individual grid 
elements. Aerial imagery and shape files are used for this purpose. Ad
ditional data may be required for these components including bridge and 
culvert rating curves or tables, streets width and curb height, and river cross 
section surveys . 

3 
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Hint: 
Use any ASCII editor 
such as NotePad~ to edjt 
the data files . 

Hint: 
An alternate method to 
run the model is to copy 
rhe FLO.E:)CE file into the 
project folder and double 
click on it from a browser. 
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Estimate the project area 

To create a computationally efficient model, it is best to attempt to minimize the grid 
system around the project area. The project computational domain (or grid system) 
can be outlined using the aerial photography. The grid system boundary should be 
located so that the project area it is not affected by either inflow or outflow condi
tions. The inflow and outflow nodes should be considered as non-essential nodes 
(sources and sinks) and these should be located away from the project area. 

If the project area is relatively small compared to the entire hydrologic basin that 
may need to be modeled, more than one FL0-2D simulation could be considered. 

coarse grid system can be established for watershed or river system and a more 
detailed grid system created for the local project area where Rood detail may be 
important. The outflow from the course grid system will con titute the inflow to 
the detailed grid system. 

Selecting the grid element size 

Once the overall project area has been identified, estimate the grid system size (as 
a rough rectangle) and determine the approximate number of wd elements that 
would be required for different size square grid elements such as SO ft, 100 ft, 200 
ft, etc. The grid element size will control how fast the FL0-2D flood simulation 
will run. 

TABLE 1.1. GRID SYSTEM SIZE 

umber of 
Model Simula tion Speed 

Grid Elements 

< 50,000 Fast (minutes) 

50,000- 250,000 Moderate ( < 12 hours) 

250,000- 1,000,000 Slow(> 12 hours) 

> 1,000,000 Very Slow(> 1 day) 

To help with the grid element size selection, the following criteria are suggested 
based on a rough estimate of peak discharge. The peak discharge Q pcak divided by 
the surface area of the grid element A surf should be in the range: 

Qpe./ A surf < 1 0.0 cfs/ ff 

or in metric: 

• 

• 

• 



• 

• 

• 

The closer Qpcak / A suc£ is to 1.0 cfs/ fi (0.3 ems/ m~, the faster the model will run. 
If the Qpcak/ A surf is much greater than 1.0 cfs/ fr2 or 0.3 ems/ m2

, the model will run 
more slowly. After the grid element size has been selected, proceed with establish
ing the grid system using the GDS. There are GD workshop lessons 
to assist in getting started on a new project. NW 
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Start simple, then add detail 

w 
4 

sw 
7 

The first flood simulation for any project will be a simple overland flow model upon 
which a more detailed flood simulation will be gradually built. 

A suggested order of component construction is as follows: 

Rainfall/Infiltration 
Channels 
Levees 
Streets 
Buildings 
Hydraulic Structures (culverts, weirs and bridges) 
Storm Drains (SWMM model) 
Multiple Channel (rills and gullies) 
Mud and debris flows/ sediment transport 

As new components are added to a model and tested, other components switches 
can be turned off in the CO T.DAT file. 

FL0-2D routes flows in eight directions as shown in the sidebar figure. The four 
compass directions are numbered 1 to 4 and the four diagonal directions are num
bered 5 to 8. Some components such as levees are placed on boundaries of d1e 
grid element. The grid element boundaries constitute an octagon for components 
associated with the boundary . 

s 
3 

E 
2 

SE 
6 

Him: 
Basic Data Files: 

FPLACN.DAT 
CADPTS.DAT 
CO T.DAT 
TOLER.DAT 

Optional 
INFLOW.DAT 

· OUTFLOW.DAT 

~ 

~ 
Jj 
Cl 

J 
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Hint: 
Test initial model runs with 
a simple ready rare inRow 
hydrograph. 

Saving data 

When creating or editing the data files, it is suggested that to save the data files fre
quently and use one folder for testing a project and another one for editing a project. 
It is suggested that you save the data files after working on each component. 

Building a Project 

Create a Prqject Folder 

tart by creating a subdirectory for the project data files and import the 
DTM data base files, map images and aerial photos. 

Build the Prqject Files 

Use the GDS to build a grid system. The data files can be graphically cre
ated in the GD . Follow the GD "Getting tarted" lesson. 

Rtm the FL0-2D model 

The required data files for a basic overland flood model are: 

FPLAI .DAT 
CADPT .DAT 
CO T.DAT 
TOLER.DAT 

FLO'V .DAT 
OUTFLOWDAT 

The I FLOWDAT and OUTFLOWDAT files are optional but are typi
cally necessary for most applications. Run a FL -2D simulation by: 

i) GDS - click on 'Run FL0-2D ' command in the File menu. 

ii) Copy the 'FLOPRO.EXE file in the project folder and double click it. 

Some General Guidelines 

Data Input 

\'{!ben the data format seem confu ing, review the data files provided in 
the Example Projects subdirectory of the FL0-2D folder. 

File Management 

The output files in the project folder will be overwritten during subsequent 
model runs. To save any output files that might be overwritten, rename the 
file or create a new project folder, copy all the *.D T files into it and then 
run the new flood simulation in that folder. 

• 

• 

• 
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Graphics Mode 

To graphically view the fl oodwave progression during the simulation, run 
the data files in graphics mode. This switch is set in the GDS by click
ing File/Run FL0-2D to activate the control dialog box. Then check the 
Graphics Display mode and the Run button. 

Things to check when creating the data files: 

Grid System 

The grid system should begin with grid element # 1 and have no missing 
grid element numbers. There should be no dangling grid elements con
nected only by a diagonal. This may occur when manually 

Inflou;/ Outflou; odes 

Inflow and outflow nodes should not have other components assigned to 
them such as hydraulic structures, streets, ARF's, etc. Outflow nodes should 
not be doubled up. Use a single line of outflow nodes. 

1.5 C REATING A C HANNEL 

O verview 

Review the CHAN.DAT file description in the D ata Input Manual. It .includes a 
description of all channel variables and instructions on how to apply them. In the 
FL0-2D model, river flooding using the channel component is simulated as one
dimensional, depth averaged HO\v. Each channel element is represented by either 
rectangular, trapezoidal or station/ elevation cross section. Simulating river How re
guires the following information and data: 

Location of the channel with respect to the grid system; 
Channel roughness; 
Length of channel within the grid element; 
Channel cross section or geometrical data. 

Channel slope is computed as the mean bed elevation difference bet:\veen the chan
nel elements. Channel elements must be contiguous to be able to share channel 
discharge. The key to accurately simulating channel How .is to assess the relationship 
bet:\Veen the slope, How area and roughness. 

C REATING THE C HANNEL D ATA FILE 

The procedure for creating a river channel simulation is as follows (see the various 
Channel and PROFILE Lessons for step-by-step instructions): 

5 elect Channel Cross 5 ections 

River cross section survey data is organized in the XSEC.DAT file with 
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the two bank elevations 
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automatically assigns the 
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fit into one grid element. 
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Warning: 
Channel elements must 
be contiguous to share 
discharge. Each channel 
element should appear 
only once in the CHAN. 
DAT file . 

a station and bed elevation format. A cross section may represents one 
or more channel elements and each channel element is assigned a cross 
section .in the CHAN.DAT. For channel design projects, a rectangular or 
trapezoidal cross section may be appropriate. Cro s section data can be 
automatically extracted from HEC-RAS models or cross sections can be 
cut from a D TM data base. 

Locate the Channel Element 1vith Respect to the Grid System 

Use the GDS to identify the left bank channel element (see the GDS Chan
nel Lesson). The channel left elements must be neighbors to enable flow 
through the system. The left bank channel elements can be automatically 
assigned by importing a geo-reference HEC-RAS channel data file. 

Ass~n the Preliminary Channel Data 

The GDS will list the selected channel elements .in a dialog box. Channel 
data such as shape, channel element number, roughness n-value, channel 
length and cross section number can be assigned in the editor dialog box. 

Define the Right Bank Element 

The channel width can be larger than the grid element. For example, a 
channel may be 1000 ft wide while the grid element is only 200 ft wide. • 
The left and right bank elements can be separated by several grid elements. 
The channel routing component interacts with the right and left bank ele-
ments to share discharge with the floodplain. Each bank element can have a 
unique top-of-bank elevation. Channel bank elements are listed in CHA -

B K.DAT. 
FIG RE 1.1. C HAN EL EXTE SlO 

Ch nn [ Ext~nsion 

1 .., , o ·recli .. 

len l!!llt · ru.tto:m:uically i'entov d 
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Assign the C?·oss Section umber 

The surveyed cross section nwnber in XSECDAT must be assigned to the 
corresponding channel element in CHAN.DAT. Assign a zero (0) value to 
the channel cross section nwnbers that associated with a surveyed cross 
section. Typically there are a limited number of cross sections and many 
channel elements. This procedure has been also automated. Before interpo
lating the cross sections to all the channel elements, the channel profile will 
look like a staircase. After clicking on the GDS 'Interpolation' button each 
channel element will have a unigue cross section and bed elevation and the 
cross sections numbers in XSEC.DAT and CHAN.DAT will correspond 

and will be renumbered from top to bottom starting with cross section 
number 1. Both the slope and cross section shape will be interpolated be
tween those channel elements with assigned cross sections. 

A ssign the Channel length Within the Grid Element 

The channel length (XLE within a grid element should be estimated. 
The GDS calculates the XLE automatically. The channel lengths are then 
summed and reported by GDS for each segment. The river center-line dis
tance can be estimated with the GDS 'Measure Distance along a Line' tool. 
The inclividual XLE values can then be adjusted so that the segment total 
length matches the measured center line clistance. 

A cfjust the Channel Bed Slope and Interpolate the Cross Sections 

The cross section geometry and slope can be re-interpolated between any 
two channel elements in the PROFILES program. The result of this in
terpolation is an adjusted cross section shape and bed slope. The assigned 
surveyed cross sections can retain their original shape and elevations. The 
bed slope for rectangular and trapezoidal can also be adjusted . 

A ssign the Manning 's n-value. 

Initially a uniform default Manning's n-value is assigned to all the channel 
elements. Using the limiting Froude nwnber (FROUDC) in Line 1 of the 
CHAN.DAT file, spatially variable n-values can be adjusted. The n-value 
should represent a composite flow resi tance for the entire channel includ
ing bed irregularities, obstructions, vegetation, variation in channel geom
etry, channel expansion and contraction, potential rapidly varying flow and 
variable river planform. Poor selection of n-values (particularly underes
timating n-values) or failure to provide spatial variation in roughness can 
result in numerical surging . 

9 

D ATA INPUT 



10 

C HAPTER 1 
G m1NG STARTED 

FYI: 
The channel length within 
a grid element (XLE ) 
is defin ed by the position 
of the channel within 
the grid clement. If the 
channel is positioned in 
a straight line across the 
cell, XLE is equal to the 
width of the grid element. 

XLE =X ' Grid Element 
W idth 

X: 1.0 1.207 1.414 

[1][2][2] 

Additional Channel D ata Instructions 

The user has several other options for setting up the channel data file including 
grouping the channel elements into segments, specifying .initial flow depths, assign
ing confluence pairs, identifying channel elements that don't share discharge with 
the Aoodplain OEXCHANGE), assigning limiting Froude numbers and specify
ing depth variable n-value adjustments. These options are discussed in the CHAN. 
DAT file description. Instructional comments follow: 

1. D.iv.icling the channel .into segments may simplify working with a river sys
tem and reviewing the results. For exan1ple, a tributary can be a segment. 
Organize the channel elements and segments from upstream to down

stream. 

2. If there are channel elements that will not share flow with the floodplain, 
set OEXCHANGE equal to the channel element. An example is a un
derground culvert which will not receive any floodplain inflow. 

3. To improve the rin1ing of the floodwave progression through the system, a 
depth variable roughness can be assigned on a segment basis. The equation 
for the channel element roughness nd as function of .A ow depth .is: 

n = n rc e ·(r2. depth/dmax) 
d b 

where: 

nb = bankfull discharge roughness 
rc = -1 /e-'2 

depth = flow depth 
dmax = bankfull flow depth 
r2 = roughness adjustment coefficient prescribed by the user (0. to 1.2). 

This equation assumes that the assigned roughness .is based on bankfull dis
charge. If the user assigns a roughness adjustment coefficient r2 (ROUGH
AD] in CHAN.D 1) for a given reach, the roughness will increase with 
a decrease in Aow depth . The higher the coefficient r2, the greater the 
increase in roughness. A typical value of RO GHADJ is 0.4. 

Channel D ata D ependencies 

There are several channel data dependencies with variables in other files. 

CONT.DAT: 

ICHA EL- Channel 'on' or 'off switch 
OPRTC - print options. 

• 
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INFLOW.DAT: 

IDEPLT- channel inflow node hydrograph to be plotted on the screen at run
time. Assign IFC = 'C' for channel inflow hydrographs. 

OUTFLOW.DAT: 

KOUT - channel outflow nodes 

Channel Output 

Channel output can be reviewed in several ways. The channel output data is written 
to a series of ASCII output files including: BASE. OUT, HYCHAN.OUT, CHAN
MAX. OUT, DEPCH.OUT and others. The HYDROG program will display a 
plot of the hydrograph of each channel element. It also has a routine to compute 
average hydraulic condition (flow area, bed shear stress, hydraulic radius, velocity, 
etc.) in a channel reach covering several channel elements that the user selects. The 
PROFILES program can be applied to review the water surface profile, spatial vari
ation in peak discharge, mobile bed profiles, or the cross section geometry changes 
associated with scour and deposition. Finally MAXPLOT and MAPPER++ will 
graphically plot the channel maximum flow depths and velocities . 

1.6 TROUBLESHOOTING G UIDELINES 

Data Errors 

D ata input errors may result in the automatic termination of a simulation run along 
with an error message. The error message will report a 'Unit' number that is associ
ated with the data input fi le that contains an error. Referring to these numbers may 
help you to debug input data errors. 
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G miNG STARTED TABLE 1.2. PARTIAL LIST OF DATA FILES BY UNIT NUMBER 

~ ---- ,--- --
Unit Unit 
No. FileName No. FileName 

9 TOLER.DAT 39 SED.DAT 

10 CADPTS.DAT so OUTFLOW.DAT 

30 CONT.DAT 52 STREET.DAT 

31 FPLAI .DAT 57 LEVEE.DAT 

32 RAIN.DAT 68 HYDROSTRUC.DAT 

33 INFlL.DAT 85 XSEC.DAT 

34 l FLOW.DAT 89 RAINCELL.DAT 

36 CHAN.DAT 119 CHANBANK.DAT 
r- -

37 ARF.DAT 120 FPXSEC.DAT 

38 MULT.DAT 180 WSTIME.DAT 

A more complete list of file unit numbers can be found in the Chapter 4 of the 
Data Input Manual. 

Troubleshooting: Is the flood simulation running OK? 

There are several indicators to help you identify modeling problems. The most 
important one is volume conservation. The FL0-2D results should be reviewed 
for volume conservation, surging, timestep decrements, and roughness adjustments 
with limiting Froude numbers. 

Volume Conservation 

Any hydraulics model that does not report on volume conservation should 
be suspected of generating or losing volume. A review of the S MMARY 
0 T file will identify any volume conservation problems. This file will dis
play the time when the volume conservation error began to appear during 
the simulation. Typically a volume conservation error greater 0.001 percent 
is an indication that the model couJd be improved. The fi le CHVOLUME. 
0 Twill indicate if the volume conservation error occurred in the channel 
routing instead of the overland Aow component. Components should be 
switched 'off' one at a time and the model imulation run again until the 
volume con ervation problem disappears. This will identify which com
ponent is causing the difficulty. Some volume conservation problems may 
be eliminated by slowing the model down (decreasing the timesteps) using 
the numerical stability criteria. Most volume conservation problems are an 
indication of data errors. 

• 
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• Surging 

It is possible for volume to be conserved during a flood simulation and 
still have numerical surging. umerical surging is the result of a mismatch 
between flow area, slope and roughness. It can cause an over-steepening 
of the floodwave identified by spikes in the output hydrographs. Channel 
surging can be identified by discharge spikes in the CHANMAX.OUT file 
or in the HYDROG program plotted hydrographs. Predicted high maxi
mum velocities indicate surging. To identify floodplain surging, review the 
maximum velocities in the MAXPLOT or Mapper post-processor program. 
You can also review the VELTIMEC.OUT (channel) or VELTI FP. 
OUT (floodplain) files for unreasonable maximum velocities. Surging can 
be reduced or eliminated by adjusting Oowering) the stability criteria (DEP
TOLFP or WAVEMAX in TOLER.DA1) thus decreasing the timesteps. 
If decreasing the timesteps fails to eliminate the surging, then individual 
grid element topography, slope or roughness should be adjusted. This can 
be accomplished in the GDS for floodplain flow. For channel flow, the 
PROFILES program can be used to make adjustments. Increasing the flow 
roughness will generally reduce or eliminate flow surging. For channel surg
ing, abrupt transitions in flow areas between contiguous channel elements 
should be avoided. Setting a lower limiting Fronde number for a channel 
reach may also help to identify the problem. 

5 ticfg Grid Elements 

When the flood simulation is running slowly, the TIME.OUT file can be 
reviewed to determine which grid elements are causing the most timestep 
decreases ('sticky elements'). TIME.OUT lists the top twenty floodplain, 
channel or street elements that caused the model to slow down. The file 
also lists whether the timestep decreases occur with the percent change 
in depth, Courant criteria or dynamic wave stability criteria. Adjustments 
can be made in the stability criteria to more equably distribute the timestep 
decreases. The model is designed to advance and decrement timesteps, so 
there have to be grid elements listed in the TIME.OUT file. If one or two 
grid elements have significantly more timestep decreases than the other ele
ments listed in the file, the attributes of the 'sticky' grid elements such as 
topography, slope or roughness should be adjusted. The goal is to make the 
model run as fast as possible while avoiding numerical surging. 

If a .floodplain element is causing most of the timestep decreases, check 
the SURFAREA.OUT file to determine how much surface area is left in 
tl1e floodplain element for flood storage. If the floodplain element contains 
a channel bank, there may be very little surface area left for flood storao-e. 
This will cause the model run slowly with exchanges the flow between the 
channel and .floodplain. To fix this problem: 
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Hint: 
Use the limiting Froude 
numbers (i.e. FROUDL), 
ROUGH.O UT file and 
•.RGH files to spatial ly 
vary the grid system n
vaJues. This will calibrate 
the model to a reasonable 
maxunum Froude number 
and help el iminate num 
erical surging. 

Remove other components from the channel bank element including 
streets or ARF values. 
Shorten the channel length (XLE in CHA .DAT). This will in
crease the surface area in the channel bank floodplain elements. 

Decrease the channel cross section width in the PROFILES program. 

Limiting Froude umbers 

There is a unique relationship between floodwave celerity and average flow 
velocity described by the Froude nwnber that should not be violated dur
ing numerical flood routing. This is a physical relationship between the 
kinematic and gravitation forces. To use the limiting Froude number, esti
mate a reasonable maximum Froude number for your flood simulation and 
assign the value to either FROUDL (floodplain), FROUD C (channels) or 
STRFNO (streets) variables. When the computed Froude number exceeds 
the limiting Froude number, the n-value is increased by a small value (-
0.001) for the next timestep. This change in grid element n-value helps to 
create a better match between the slope, flow area and n-value during the 
simulation. \Vhen the limiting Froude number is no longer exceeded, the 
n-value is gradually decreased to the original value. The changes in the n
values during the simulation are reported in the ROUGH.OUT file. For the 
next FL0-2D simulation, grid element n-value adjustments can be made 
using the n-values reported in RO GH.OUT The maximum n-values 
are also reported in FPLAI .RGH, CHAN.RGH and STRE T RGH files 
that are created at the end of a simulation. These (*.RGH) files can then 
be renamed to data input files (*.DAT) for the next flood simulation (e.g. 
FPLAIN.RGH = FPLAI .D 1). 

Revie1ving the results 

FL0-2D results include the maximum area of inundation as di played by 
the maximum flow depth, temporal and spatial hydraulic results, channel or 
floodplain cross section hydrographs and peak discharges. The Mapper++ 
program can used to review maximum flow depths, water surface elevations 
or velocities. The result can be plotted as either line contours or shaded 
contours in Mapper++. Look for any maximum velocities or flow depths 
that are unreasonable. This may be an indication of numerical surging. 

The FL0-2D flood simulation can be terminated at any time during the 
run by clicking xi.t on the toolbar. The sin1ulation will terminate after the 
current timestep is completed and the output files are generated and saved. 
This enables the user to check if the flood simulation is running poorly 
(e.g. too slow or not conserving volume) and the simulation can be stopped 
without losing the opportunity to review the output data. 

• 
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• M ake some adjustments 

The following data tlle adjustments may improve the simulation and speed up the 
model: 

Spatial Variation if n-values 

The most common cause of numerical surging is underestimated n-values. 
Typical n-values represent steady, uniform flow. Spatial variation of n-val
ues will affect the floodwave progression (travel time) and reduce surging, 
but may not significantly impact tl1e area of inundation (especially for lon
ger flood durations). Focus on tl1e project area when adjusting n-values and 
review TIME.OUT and ROUGH.OUT to complete then-value revisions. 

Edit Topograpi?J 

The interpolation of DTM points to assign elevations to grid elements is 
not perfect even when the GDS filters are applied. It may be necessary to 
adjust some floodplain grid element elevations when you review the re
sults. MAXPLOT and Mapper++ can be used to locate grid elements with 
unreasonable flow depths that may constitute inappropriate depressions. 
Floodplain depressions can sometimes occur along a river channel if too 
many floodplain DTM points located within the channel. 

Floodplain Surface Area Reduction 

The distribution of flood storage on the grid system can be influenced by 
assigning area reduction factors (ARF's) to represent loss of storage (i.e. 
buildings). For large flood events, the assignment of individual grid ele
ment ARF values will usually have minor impact on the area of inundation. 
For local flooding detail, individual grid element ARF assignments may be 
justified. 

Channel Cross Section Acjjustments 

Typically a surveyed cross section will represent five to ten channel ele
ments. Selecting a cross section to represent transitions bet:\veen wide and 
narrow cross sections requires engineering judgment. Use the PROFILES 
program to interpolate the transition between surveyed cross sections. 

ChannelS lope Acjjustments 

Adverse channel slopes can be simulated by FL0-2D. Smoothing out an 
irregular slope condition over several channel elements to represent reach 
average slope conditions may speed up the simulation. Cross sections with 
scour holes can result in local adver e slopes that misrepresent the average 
reach conditions. Review the channel slope in PROFILES. 
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S tree/ FlotJJ 

High street elocities may cause numerical surging and slow the simula
tion down. Assign reasonable limiting street Froude numbers to adjust the 
street n-values. 

Model Calibration and Replication of Flood Events 

stimating flood hydrology (both rainfall and flood hydrographs) can be difficult 
when replicating historical floods. To match measured flood stages, high water 
marks or channel discharges, first determine a reasonable estimate of the flood vol
ume, then concentrate on the model details such as n-values, ARF' and street Bow. 
Flood volume is more important to flood routing than the peak discharge. 

1. 7 MoDEL CoMPONENT CoN SIDE RATIONS 

Street Flow 

Streets may convey or store only a small portion of the total flood volume, but may 
be important for distributing the Bow to remote areas of the grid system. Street flow 
is simulated as a shallow rectangular channel with curbs. treet width and n-values 
are spatially variable. Streets are important to flood distribution in urban areas. 

Levees 

Levees and levee failure can be an important detail for floodplain projects. Levees 
are assigned to grid element boundaries with a crest elevations. Levee failure can 
include piping, overtopping and collapse. There is a levee and dan1. erosion compo
nent in FL0-20 . 

Rainfall and Infiltration on Alluvial Fans 

Alluvial fan surfaces can be as large as the upstream watershed. Fan rainfall can 
contribute a volume of water on the same order of magnitude as the inflow flood 
hydrograph at the fan apex. Infiltration losses can also significantly effect flood
wave attenuation. Infiltration los es can be calibrated by adjusting the hydraulic 
conductivity. Spatial variable hydraulic conductivity can be a signed in the GDS. 

Sediment Bulking of Flood H ydrographs 

An alluvial fan will have geomorphic features that identify the watershed potential 
for generating mudflows. For mudflow simulation, sediment concentration can be 
assigned in the INFLOW.DAT file. For desert alluvial fans with a sand bed, sedi
ment concentrations in flood events can reach 15% by volume. For concentrations 
less tl1an 20% by volume, the flow will behave like a water flood. The primary effect 

of increasing the sediment concentration, in this case, is to bulk the flow volume . 

• 
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CHAPTER 2 

FL0-20 HELP RESOURCES 

2.1 FL0-2D T UTORIALS 

Tutorials 

The following tutorials are available on the FL0-2D installation CD and have been 
loaded on your computer in the FL0-2D D ocumentation/flo_help/tutorials sub
directory. 

There are several workshop lessons located in the FL0-2D Documentation/ 
flo_help / Tutorials /Workshop Lessons subdirectory. The lessons also have review 
questions that address frequently asked questions. 

Lesson 1- GDS Getting Started 

This lesson demonstrates how to create a FL0-2D grid system from a 
digital terrain model (DTM points) using the Grid D eveloper Sys tem. 

Lesson 2 - GDS Spatiai!J Variable Attributes 

This lesson describes how to graphically edit the FL0-2D component at
tributes with the GDS. Part 1 covers general floodplain attributes such as 
n-values and elevation. Part 2 covers urban feature such as streets, levees, 
ARF and WRF values and infiltration. The tutorial uses a small project 
with an aerial photo to illustrate editing the component data files. 

Lesson 3 - Basic Channel 

This lesson provides instruction on creating the CHAN.DAT file from 
scratch. It facilitates selection of the grid elements for a channel and assign
ment of channel parameters using aerial photo images as background. 
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Lesson 4 - HEC-RAS Conversion 

In dus lesson, you will convert a HEC-RAS cross section data file to FL0-
2D XSEC.DAT cross section file format automatically. 

Lesson 5 - Profiles 

This lesson explains how to interpolate channel slope and geometry us
ing the PROFILES program. It will simplify getting the CHA .DAT and 
XSEC.DAT files prepared for the model simulation. 

Lesson 6 -MAPPER++ 

This lesson describes how to view FL0-2D data results in MAPPER++ 
and how to manipulate the mapping layers. It also covers creating exclusion 
polygons, hazard maps, damage assessment and layer editing. 

Lesson 7- Rain/ Infiltration 

This lesson shows how to input global and spatially variable Green-Ampt 
and CS curve number infiltration parameters and how to set up and run a 
simple rain fall simulation using total rainfall and a percent distribution. 

Lesson 8- atural Channel using HEC-RAS Data 

IndUs lesson the process of loading a HEC-RAS channel and cross section 
data into a FL0-2D grid ystem is ouclined. It goes over the steps required 
to create a natural channel from HEC-RAS data. 

Lesson 9- Hydraulic StmctJires 

This lesson oudines the process of creating several hydraulic structures 
using d1e GDS. 

Lesson 10 - Levees, Walls and Bern1s 

This is an advanced workshop lesson which shows how to create lateral 
obstructions such as levees and walls using the levee tool in d1e GDS. 

Lesson 11 - Streets and Buildings 

For dUs lesson streets and buildings are created in an urban environment. 
It uses the polyline street tool and a buildings shapefile. 

Lesson 12- Dam Breach Modeling 

This lesson outlines the process for setting up a dam breach model using 
the WS Breach embedded model. 

Lesson 13- Multi-Domain Inteiface (Outflo711 to InjiOJv) 

This lesson uses the outflow from one grid system as the inflow to another. 
The lesson describes how to set up outflow nodes that will capture the 
hydxograph from an upstream system. That outflow data is automatically 
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• assigned to an inAow.dat file for the downstream model. The two models 
must o erlap at the boundary. 

Lesson 14 - Advanced atural Channel 

This lesson outlines the complete process for setting up a natural chan
nel. It is a comprehensive channel development guide. This lesson brings 
together several ideas from Lessons 3, 4, 5 and 8. It also gives the user an 
guidelines on finalize the channel and prep it for calibration. 

2.2 FL0-2D EXAMPLE FLOOD SIMULATIONS 

A number of example projects are provided in the FL0-2D D ocumentation/Exam
ple Projects subdirectory. To run the examples, click on the load them in the GDS. 
You can also run the model from Explorer. First make sure that the FLOPRO. 
EXE file is in the project subdirectory and double click on the file name. Most of 
the example simulations are setup for the graphics mode and will generally take only 
a few minutes to run. 

Mudjl01v Simulation- Barnard Creek1 Utah (BARN subdirectory) 

An example mudflow simulation is provided for an urbanized alluvial fan 
(Barnard Creek) near Centerville, Utah. This model simulates a mudAow 
debouching from a small watershed ravine onto a very steep alluvial fan 
with numerous streets and buildings. The potential flow surface consists 
of 521 grid elements (1 00 ft square). The mudflow enters the grid system at 
element 486 (a debris basin), flows down a steep street and spreads out into 
the residential area. The mudflow is viewed overflowing the street, entering 
side streets and developed lots and becoming more fluid as the Aoodwave 
progresses downslope. Buildings have been simulated to account for tbe 
loss of storage and flow redirection. The mud flow simulation includes vari
able sediment concentration and the computation of viscosity and yield 
stresses. This Rood simulation is a good example to review for mudflow, 
buildings and streets. 

A lluvial Fan Channel Overbank Flooding- Monroe Creek1 Utah (Monroe folder) 

This example flood simulation depicts channel-floodplain discharge ex
change on a large, undeveloped alluvial fan. The grid system consists of 
3,026 grid elements, 200 ft on a side. The flood hydrograph has a peak 
discharge of 1,900 cfs. The channel is represented by 47 channel elements 
with variable channel geometries; rectangular, trapezoidal and natural
shaped. The flow is confined along the channel by berms that have been 
represented by higher grid element elevations. The overbank flooding can 
be observed returning to the channel. This simulation is a good example 
for reviewing the variable cross section data in the CHA .DA T file. 
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Hint: 
Review the Exam pie 
Project data files to start 
your own project. Try to 

find an example that is 
similar to the project you 
are working on. 

Desert S outhu;est AllutJial Fan Flooding- Whiskry Pete's, evada (Whiskry folder) 

Whiskey Pete's is a classic conically-shaped desert alluvial fan. Multiple 
distributary channel and infiltration are simulated. The hydrograph peak 
discharge is in excess of 13,000 cfs. There i no development or channel
ization. This flood simulation is a good example for reviewing the multiple 
channel option. 

Rairifall/&moff- Blue Diamond Watershec4 evada (Diamond subdirectory) 

Rainfall, infiltration and runoff are simulated for a 34 square mile desert wa
tershed with 10,472 grid elements 300ft square. Steep, unvegetated ridges, 
bedrock and numerous small watershed ravines characterize the project 
area. The drainage pattern can be observed as the rainfall/ runoff develops 
in the graphics mode. The higher elevations and ridges drain first and the 
water collects in the various ravines and gullies. This simulation represents 
a good example for reviewing rainfall and infiltration. 

Large River Flood Inundation- Truckee Riverj Reno evada (Truckee subdirectory) 

In January 1997, the Truckee River flooded a large area including portions 
of the cities of Reno and Sparks, evada. FL0-2D was used to replicate 
this flood. Over 100 channel cross sections were surveyed to simulate the 
overbank flooding. Bridges, some streets and buildings, infiltration and 
levees are simulated. Partial bridge blockage is simulated with a doubled 
pier width. The flood inundation covers a large, flat area that requires a long 
time to drain. There are three tributaries in this reach, each with an inflow 
hydrograph. This example project has a number of interesting components 
including bridges, levees, treets and channel confluences. 

Urban Flooding at the Ocean - Waikiki Beach, Oahu, Hatvaii (Aimvai subdirectory) 

This flood example simulation includes a nw11ber of components associat
ed '-.vith urban flooding such as street flow and numerous buildings. Alawai 
Canal runs through the center of the project area and is open to the ocean. 
Excess rainfall run off steep watersheds and enters channels that join the 
canal system in Waikiki beach. The Alawai Canal is nearly flat and is filled 
with water from the ocean at the start of the simulation. 

Ocean Storm Surge/Tsunami Model in an Urban Area - Waikiki Beach, Oahu, 
Hmvaii (A!mvai-Tsunami subdirectory) 

By assigning stage-time relationships to the outflow elements along the Wai
kiki coast line, the Alawai watershed model is converted to an ocean storm 
surge or tsunami model. A high water surface elevation is specified for the 
coastal elements for a short duration. This results in a rapid progression of 

• 



• the ocean storm surge over the urban area. The ocean surge enters streets 
and the Alawa.i Canal in the center of the city. The model demonstrates the 
application of the FL0-2D model to simulate the overland progression of 
hurricane storm surges or tsunami waves in urban areas. 

Large River Flooding - Rio Grande, ezv Mexico (Rio Grande subdirectory) 

Over 173 miles of the Middle Rio Grande is simulated using actual cross 
section data. This example represents a typical river-floodplain exchange 
of discharge. The river floodplain is confined by levees along most of its 
length. Use this flood simulation to review the data input in the XSEC. 
DAT and CHAN.DAT files. 

Working 1vith Ceo-referenced Images - Goat Camp Creek, Gila Coun!J, Arizona 
(Goat subdirectory) 

This small project provides an opportunity to work with the GDS editor 
components and capabilities. The aerial photos can be imported and used 
to edit the various model components such as channels, streets, ARF's and 
WRF's, and levees. This flood simulation includes channel overbank flow 
from a small river through an urban area. 

2.3 FL0-2D P OWERPOINT P RESENTATIONS 

A series ofPowerPoint presentations are available in the FL0-2D help folder. These 
presentations offer guidance on modeling many ofFL0-2D components. The files 
can be found in FL0-2D D ocumentation \ flo_help \PowerPoint Presentations. 

TABLE 2.1. ENGLISH/METRIC 

Variable English Metric 

discharge cfs m3/s (ems) 

depth ft m 

hydraulic conductivity inches/hr mm/ hr 

rainfall and abstraction inches lllffi 

soil suction inches mm 

velocity fps mps 

volume acre-fi: m3 (cm) 

viscosity poise ( dynes-s/ em') poise 
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Hint: 
Copy the fo llowing 
Processor Programs 
imo each project fo ld
er. Double click t he 
executable name to run 
the program: 

FLO.EXE 
PROFILES.EXE 
MAXPLOT.EXE 
HYDROG.EXE 
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2.4 O THER H ELP DocuMENTS 

Several documents files are provided in the FL0-2D Handout folder. These files 
provide advanced model gilldance and discussion on specific components, porting 
data files between version , mudflows and other topics. The files can be found in 
FL0-2D D ocumentation \flo_help \ Handouts. 

2.5 METRIC OPTION 

The user can choose either the English or Metric system of units (for the Metric 
system set METRIC = 1 in the CO T.DAT file) . When using the Metric system, 
substitute the appropriate metric unit for the English unit in the data files . The fol
lowing basic units are used in the model: 

• 

• 
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CHAPTER 3 

PRE-PROCESSOR PROGRAMS 

3.1 I NTRODUCTION 

There are two pre-processor programs to help to create or edit the FL0-2D data 
files: GDS and PROFILES. Tutorials and workshop lessons for some of the 
programs' functions are available in the FL0-2D/flo_help subdirectory. A dis
cussion of the commands in the PROFILES program is included in this manual. 
The description of the GDS functions and commands are presented in a separate 
manual. 

3.2 GDS 

The grid developer system (GDS) will graphically create and edit the FL0-2D 
grid system and its attributes. It generates a grid system from a digital terrain map 
or a set of DTM points and interpolates and assigns elevations to the grid ele
ments. It will also create the basic FL0-2D data files for an overland flow flood 
simulation. Grid element attributes uch as channels, streets, levees and n-values 
can be developed graphically. It is recommended that you use the GDS for all 
data file development and graphical editing. The GD has a separate reference 
manual. In addition, there are a number of GDS tutorials and workshop lessons 
that are available in the FL0-2D D ocumentation\flo_help subdirectory. 

3.3 PROFILES 

The PROFILES processor program displays the channel slope and permits inter
active adjustment of the channel bed elevation, channel depth, channel n-values 
and channel geometry. It will display the channel cross section geometry and 

23 



24 

C HAPTER 3 
PRE-PROCESSORS 

Hint: 
To quickly acces the 
PROFILES program, 
copy t he executable 
PROFILES.EXE into 
the project subdirectory 
and double click on it. 

Him: 
When assigning cross 
section numbers ro the 
CHAN.DAT file, make 
sure all cha.rtnel elements 
that are not associated 
wi th a urveyed cross sec
tion have XSEC UM val
ues of zero 

interpolate the slope and cross section geometry between surveyed cross sections. 
PROFILES can also be used to view output water surface profiles (see the Post
Processor Programs Section). To run PROFILES, access the program from the 
GD File menu or copy the program to the project subclirectory and double click 
the name in an browser window. 

Before using the PROFll.ES program, the basic FL0-2D files plus the CHAN. 
DAT file have to be created. The X EC.DAT will also have to be created if sur
veyed cross section data will be used. The general procedure for using the PRO
FILES program is as follows: 

1. Create the six ba ic FL0-2D data files. 

2. D evelop the XSEC.DAT file for surveyed cross section data if necessary. 

3. Complete the channel data file (CHAN.DAT) based on rectangular, trap
ezoidal or surveyed (natural) cross ections. 

4. For surveyed cross sections, identify the channel element cross section 
number XSEC UM in the CHAN.DAT file to represent the cross sec
tion. All other XSEC M's will be assigned a zero '0' value. 

5. Run the PROFILES program from the GDS or xplorer. 

• 

6. The model bed slope can be compared with surveyed bed elevations by • 
developing the WSURF.DAT file. 

7. Upon exiting the PROFILES program, two new files FPLAI . EW and 
CHAN. EW will be created that contain the adjusted bed elevations and 
channel depths. You will be prompted to ave your data by replacing 
the original FPLAIN.DAT and CHAN.DAT files with the newly created 
FPLAIN. EW and CHAN. E'J files. If you choose not to replace the 
files, the two new file will still be available for review. 

Initially the PROFILES program will display a blank screen with a Main Menu 
showing options to 'View egment Bed Slope' or 'Interpolate Segment Slope/ 
Shape'. 

--BedSiope "'"'"""·--~ ~ 
, .. 

• 
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Interpolating a New Channel with Surveyed Cross Sections 

To interpolate the cross sections and slope and assign a cross section to every chan
nel element in PROFILES, use the 'Interpolate Segment Slope/Shape' menu option 
as follows: 

1. Select a channel segment from the list provided in the dialog box shown in 
the sidebar. If there is only one channel segment, the interpolation will be 
completed directly. ote that before interpolation, the channel slope profile 
may look like a stair case, this is because only the surveyed cross sections 
define d1e channel profile at this point. Following interpolation the slope 
profile will be more representative of the actual river profile. 

2. PROFILES will automatically locate tl1e surveyed cross section data and 
interpolate the cross section geometry and elevation (thalweg slope) for all 
those channel elements between the surveyed cross sections within the seg
ment. The following dialog box will appear indicating that the original cross 
sections have been renamed with a prefix 'X-' before each cross sectton 
name. 

3. Click 'OK' in the dialog box to view the interpolated bedslope . 

Uldl e" •l>• Vh•L•c•l •• •do. 
hHtO\ -• •co• •h• _,.. • .-..:••• 
•• lecn . • •• •d. •• -•u., . 

500 1000 

Channel Bed Profile 

1500 2000 
Dutsnce (rrt) 

fLIT"2D Channl!!:l S~d --

Cross Section Name .: 

The original (surveyed) cross sections are now 
identified with a 'X·" preceding the name. 

OK 

4. Click on the 'View Local Reach' button on the menu bar. Click anywhere 
along the bedslope profile to zoom in on a local reach of 10 channel ele
ments. 
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Note: 
Refer to the Workshop 
Lesson PROFILES tuto
rial for a more detailed 
example of this procedure. 

v . 

...... Ext Prrt 

V•• •h• VP •c DOW c•-••c .. -••ru 
"" • •J"n •lu -..<ll•c P••l•••n. 

n..,. d tdo '"" ._.,. VuWr•I• :ruccch" D• "• 
........... -•lty .......... •l •p• . 

Channel Bed P~ofi l e 

t 2 . 
~ 

0 

1£00 1700 I 00 1900 zooo 2100 
DJ..st.anc:el.,) 

2200 

.... 
a.a<rn 

5. Click on 'View/Edit Cross Section Data' to view the following dialog box 
displaying the channel element characteristics: 

; - . 

Node:~ Upstrm Bed Elev: 3.26 

Node 

863 

815 

768 
721 

675 

630 

586 

~ 

J 

_::j 

Bed Elevation:~ 

Dwnstrm Bed Elev:IT.98 

Left Bank Elev: ~ 

Right Bank Elev: J8.i9 
Chamel Oepth:I5.J? 

n-va!ue: j0]40 
Chamel length: r---;oo:oo 

Reach Length: j 2050.0 

View/Edit cross section ~ 

Interpolate ~ 

! Close! ~ 

• 

• 
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6. Click on the 'Xsec' button in the dialog box to view the cross section data 
and image. 

'·' 

Ncdrroi><-. Iii" 
XtKH-~ 
...!12..J~~ 

~: ~ ~. l. 
3 " 

' 
' 
1 

' .:I 

7. At this point you may view some of the other cross sections by clicking 
on the "Up" and "Down" buttons in the dialog box. The computed cross 
section geometry and all the cross section station and elevation data can be 
reviewed and edited. You can edit the channel and cross section data by 
adding or deleting stations and elevations, revising the Manning's n-value, 
or raising or lowering the entire cross section. 

8. You can now further interpolate both the bedslope and the channel ge
ometry. Simply identify the Upstream and Downstream channel elements 
in the group boxes labeled 'Slope and Xsection Interpolation'. You can 
use the 'Up' and 'Down' buttons to locate one of the surveyed cross sec
tions and then type in the other either upstream or downstream channel 
elements. There may be several channel elements bet:\:veen two cross sec
tions selected for interpolation. Click on either the 'Slope Only' or 'Shape/ 
Slope' buttons to interpolate either the channel bed slope or slope and the 
cross section shape. It may be necessary to interpolate only those cross 
sections that you have edited, but you need to interpolate both upstream 
and downstream of revised cross section. The cross section geometry is 
linearly interpolated according to top width and distance and is adjusted by 
a weighted flow area. Essentially one cross section is overlaid on the other 
cross section, stretched or contracted and the elevations averaged. 

9. As you work, save the results frequently by clicking on 'Save' on the menu 
bar. 

OTE: You can also perform the initial channel interpolation of the cross sections 
automatically in the GDS . 
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Hint: 
When interpolating be
tween two cross sections, 
they must be entered in 

order from upstream to 

downstream .. 

' ' ... 
Node: )630 Xsec (21 
X sec Name: J ss·5 

..J!E...J Return I Down I 
Sta. Elev. ~ 

n 0.00 7.99 

2 14.84 4.08 

3 16.58 3.45 

4 17.91 2.62 -
5 36.52 3.50 

6 42.06 3.43 

7 53.04 3.78 _:.1 
Edit Cross Section 

~ Delete I 
Station Elevation 

~ r-o:oo r-o:oo 
Raise/lower xsection:J r-o:oo 
Slope and Xsection Interpolation 

Interpolate slope or Xsection 
shaoe between two nodes: 

J630B )6308] 
Upstream D ownsheam 

Slope Only) S hape / Slope 

Plot Xsec Scour/Deposit: On/Off I 
Edit n·value: jD.040 

Close I c::::QL] 



CHAPTER 4 

INPUT DATA FILE DESCRIPTION 

4.1 G ENERAL 

The FL0-2D data file variables and format are described in this chapter. These files 
are called directly by the model during a flood simulation. For each data file a list 
of the variables, a portion of an example data file, and an alphabetical description of 
the variables are presented. Some instructional comments follow the descriptions 
to clarify the variable's application. TheGDS or any A CII text editor can be used 
to create or edit the data file . Also use the GD to create and graphically edit the 
data files. 

All of the data entries are in free format requiring only a space to separate the vari
ables. All ID characters ~etters) are case sensitive. The variables are listed in this 
manual line by line. Each line may contain several variables that are highlighted by 
bold text and capi~:<'llletters . Array variables are indexed as shown in the following 
example from the I FLOW.D T file, Line 3: 

Line 3 HYDCHAR = 'H', HP(I,J,l ), HP(I,J,2), HP(I,J,3) 
I = 1, J = 1, umber of inflou; 0'drograph pairs 

where: 
I and J are array indices representing grid element number ado hydrograph 
pau:; 

H(I,J ,1) is the time (hrs) at the start of each discretized interval in the 
channel inflow hydrograph; 
H(I,J,2) is the discharge (cfs); 
H(I,J,3) is the sediment concentration by volume for a mudflow inflow 
hydrograph. 

• 

• 
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HDYCHAR is a line identifier character 'H'. 
The variables in Line 3 on the INFLOW.DAT file represent one line of a discretized 
inflow hydrograph that is repeated for each of the hydrograph pairs for each inflow 
grid element. The data represented by Line 3 for the first four time steps is as fol
lows: 

INFLOW.DAT Variable Example 

HPQ,l) HPQ,2) HPQ,3) 

Time D ischarge Sediment Cone .. 

(hrs) (cfs) % by Volume 

0.0 0.0 0.00 

0.1 10.0 0.00 

0.2 25.0 0.20 

0.3 50.0 0.25 

Backup files of the data files (*.BAC) can be created when program reads the data. 
The backup option is invoked by a switch (IBACKUP) in the CONT.DAT file. The 
backup files are useful to locate data errors. 

4.2 LIST OF P ROGRAM FILE U N ITS 

The following table lists the data and output file ('Unit') numbers that are assigned 
by the FL0-2D model at runtime. These unit numbers may be reported in error 
messages accompanyino- a premature simulation termination. Referring to these 
numbers may help you to debug input data errors. 
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TABLE4.1. LIST OF FL0-2D FILES AND UNIT NUMBERS 

File File File File 
File Name File Name File Name FileName 

No. No. No. No. 
2 BASE. OUT 55 SURFAREA.OUT 105 MAXQHYD.OUT 254 USED 

7 ERROR.CHK 56 CHANNEL.CHK 106 MAXQBYDIR.OUT 255 BREACH.OUT 

8 Used 57 LEVEE.DAT 107 MAXQRESOL VED.OUT 260 BREACH.BAC 

9 TOLER.DAT 58 LEVEE.BAC 108 FPLAIN.RGH 261 DEPCHF!NAL 

10 CADPTS.DAT 59 LEVEE.OUT 109 CHAN.RGH 262 VELCH FINAL 

II SUMMARY.OUT 60 DEPFP.OUT 110 STREET.RGH 289 INFIL DEPTH.OUT 

12 Used 61 DEPCH.OUT Ill FPINFILTRATION.OUT 300 BATCHCYCLE.DAT 

13 Used 62 FlNALDEP.OUT 112 Usc:d 32 1 REVISED _RATING_ T ABLE.OIJT 

14 CHANMA..'C.OUT 63 VELD IREC.OUT 117 VELTIMEC.OUT 3 11 MANNINGS_N.DAT 

15 Used 64 VELFP.OUT 118 VEL TIMFP.OUT 333 NOSHOW.CHK 

16 Used 65 SUPER.OUT 119 CHANBANK.DAT 397 TOPO.BAC 

17 SEDFP.OUT 66 CHVOLUME.OUT 120 FPXSEC.DAT 398 MANN ING$ _N.BAC 

18 SEDCHAN.OUT 67 !NFILHY.OUT 121 FPXSEC.BAC 528 DEPTH DUR2.0UT 

19 TIME.OUT 68 HYDROSTRUC.DAT 122 Used 1557 S\VMMFLO.DAT 

20 DEPTH.OUT 69 HYDROSTRUC.BAC 123 HYSTREET.OUT 1558 SWMM.RAlN 

21 TIMDEP.OUT 70 HYDROSTRUCT.OUT 124 MAX\VSELEV.OUT 15S9 SWMMFLORT.DAT 

22 ROUGH .OUT 7 1 Usod 125 FPFROUDE.DAT IS60 SWMMQIN.O UT 

23 STREET.OUT 72 STVELD IR.OUT 128 VE.L TIMEST.OUT I S61 Used 

24 VELOC.OUT 73 STVEL.OUT 139 FPSEDSIZE.OUT 1562 SWMMOUTF.DAT • 25 MULTCHN.OUT 74 CHNBEDEL.OUT 140 CHANSEDSIZE.OUT IS63 FPRIMELEV.OUT 

26 FPR.EV.NEW 75 STRE.LEV.OUT ISO VOLUME.BINARY.OUT 1564 SWMMOUTF.BAC 

27 DEPTHTOL.OUT 76 Used 151 FPLAINBINARY.OUT IS6S SWMMOUTF!N.OUT 

28 DEPTHDUR.OUT If SEDCONSERV.OUT 152 CHANBINARY.OUT 1566 Used 

29 TOLER.BAC 78 Nocuscd 153 STREETBINARY.OUT IS67 SWMMFLO.BAC 

30 CONT.DAT 79 CROSSQOUT 154 CROSSB lNARY.OUT 

31 FPLAIN.DAT 80 HYC HAN.OUT ISS HYSTRUCB!NARY.O UT 

32 RAIN.DAT 81 F!NALVEL.OUT IS6 XSECSEDB!NARY.OUT 

33 INFIL.DAT 82 Used 157 SEDBINARY.OUT 

34 INFLOW.DAT 83 FINALDIR.OUT 159 Used 

35 EVAPOR.BAC 85 XSEC.DAT 160 LEVOVERTOP.OUT 

36 C HAN.DAT 86 CHANBANKEL.CHJ.: 161 LEVEEDEFIC.OUT 

37 ARF.DAT 87 OVER.BANK.OUT 
lbZ· 

CADPTS_DSx.DAT x ; 1.9 171\ 

38 MULT.DAT 88 SEDTRA .OUT 
171-

lNFLOWx_DS.DAT x; 1,9 
17q_ 

39 SED.DAT 89 R.AINCELL.DAT 169 Used 

40 CONT.BAC 90 CHANSTABILITY.OUT 180 WSTIME.DAT 

4 1 FPLAIN.BAC 91 XSECAREA.OUT 181 WSTIME.OUT 

42 RAIN.BAC 92 INTERGWS.OUT 190 TIMET\VFT.OUT 

43 INFIL.BAC 93 CHAN\VS.OUT 191 TIMETOPE.AK.OUT 

~ INFLOW.BAC 94 XSEC.OUT 192 TIMEONEFT.OUT 

45 FLOODW AY.OUT 95 EVAPOR.DAT 193 FLOODTIME.OUT 

46 CHAN.BAC 96 HYCROSS.OUT 200 Used 

47 AR.F.BAC 97 TOPO.DAT 201 Used 

48 MULT.BAC 98 Used 202 Used 

49 SED.BAC 99 Used 203 Used 

50 OUTFLOW.OA T 100 Used 204 Used 

51 OUTFLOW.BAC 101 JMPACT.OUT 205 MULTSTEEP.O UT 

52 STR.EET.DA T 102 STATIC PRESS.O UT 208 MULT.RGH 

53 STR.EET.BAC 103 CONFLUENCE.OUT 226 FPFROUDE.BAC 

54 C ROSSMAX.OUT 104 SPECENERGY.OUT 250 BREACH.DAT • 
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4.3 D ATA FILES 

Four data files are required for every flood simulation: CO T.DAT, TOLER. 
DAT, FPLAI .DAT, CADPTS.DAT. The I FLOW.DAT and OUTFLOW.DAT 
files are optional, but typcially are necessary in a FL0-2D flood simulation. The 
CADPTS.DAT is not listed. Although, it is required for every flood simulation, this 
file is automatically created by the GDS and is complete. It will not need editing 
unless you add or delete grid elements to model after the data files are established. 
The TOPO.DAT and MA I GS_ .DAT files are generated by the GDS and 
the FL0-2D Pro model at runtime. These files can be used for GIS and CADD 
applications, but are not required . 



FILE: CONT.DAT 
SYSTEM CONTROL DATA 

____ 32_. 
D ATA INPUT 

CONT.DAT File Variables 

24.0 0.10 2 0 0 
1 1 0 0 0 
01000 0 0 

Line 1: SIMULT TOUT LGPLOT METRIC IBACKUP 
Line 2: !CHANNEL MSTREET LEVEE IWRFS IMULTC 
Line 3: IRAIN INFIL lEV AP MUD ISED IMODFLOW 

SWMM 
0 0 0 Line 4: IHYDRSTRUCT IFLOODWAY IDEBRV 
0.000 0.0 0.0 0.30 0.70 0.150 Line 5: AMANN DEPTHDUR XCONC XARF FROUDL 

2 0 
2 
0 0.0 
0.1 

otes: 

SHALLOWN ENCROACH 
Line 6: NOPRTFP SUPER 
Line 7: NOPRTC 
Line 8: ITIMTE P TIMTEP 
Line 9: GRAPTIM 

Line 5: IfiFLOODWAY = 0 omit E CROACH 
Line 7: If ICHA EL = 0 omit Line 7 
Line 9: If LPLOT = 0 omit Line 9 

24.0 0.10 2 0 0 
1 1 0 0 0 
0 1 0 0 0 0 0 

CONT.DAT File Example 

0.000 0.0 0.0 0.30 0.70 0.150 
20 
2 
0 0. 
0.1 

• 
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VARIABLE 

AMAN 

D E PTHDUR 

E CROACH 

FROUDL 

GRAPTIM 

!BACKUP 

FMT 

r 

r 

r 

r 

r 

s 

Variable Descriptions for the 

CONT.DAT File 
(s) Switch (i) =Integer variable (r) =Real variable (c) =Character 

RANGE DESCRIPTION 

-0.4 to 0.4 Increments the floodplain Manning's n roughness coefficient 
-99 at runtime. AMANN will uniformly increase or decrease the 

> 1.0 every floodplain grid element n-value (n-value +AMANN). 
Set AMANN to a negative value to decrease the n-value. Set 
AMANN= -99 to tum off depth integrated roughness (see 
comment 9). Set AMANN> 1.0 to globally increase then-
value multiplicatively (n-value *AMANN). 

0.01- 100 Flow depth (ft or m) for a depth-duration analysis. \X'hen a 
flow depth greater than DEPTHDUR is computed, the time 

0.003-30 duration of inundation for that grid element is tracked and 
reported in the D EPTHDUR.OUT file (see comment 8). 

0-10 The floodway encroachment increase in Aow depth (ft or m). 
The IFLOODWAY switch must be set to 1 and a previous 

0-3 FL0-2D simulation must be completed for the project to 
generate the maximum water surface elevations. 

0-5 Maximum Fronde number for overland Aow. When 
FROUDL is exceeded, the floodplain n-value is increased by 
0.001 for that grid element for the next timestep (see com-
ment 3) . Set FROUDL = 0.0 for no Fronde number limita-
tions. The increased n-values are reported in the ROUGH. 
OUT and FPLAIN.RGH files (see comments 3 and 4). 

0.01- 00 Time interval in hours that the graphics display is updated 
(e.g. set GRAPTIM = 0.02 for a frequent update). GRAPH-
TIM is required when LGPLOT = 2. This variable will not 
affect the file output data time interval (TOUT). The graph-
ics mode is limited to a 48-day inflow hydrograph . 

0 =off !BACKUP = 1 creates a backup file of all the data files with 

1 =on the *.BAC extension for data error troubleshooting. It also 
2 enables the model to be resumed following termination from 

the last output interval. 
IBACKUP = 2 enables elevation changes for outflow nodes 
made at runtime to be permanently written to the FPLAI 
RGH file (see comment 10) . 
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(s) Switch (i) = Integer ariable (r) = Real variable (c) = Character 

VARIABLE FMT RANGE DESCRIPTION 

I CHAN EL s 0 =off If ICHAN EL = 1 main channel flow will be simulated. 

1 =on The CHAN.D T must be created (see comments 1 and 6). 

IDEBRV s 0 =off Set IDEBRV = 1 if a debris basin volume should be filled 

1 =on before routing the flow hydrograph. 

IEV p s 0 =off Set IEVAP = 1 if simulating free water urface evaporation 

1 =on from overland flow or channel Bow. 

IFLOODWAY s 0 =off If FLOODWAY =1 a Boodway analysis will be performed 
1 =on in the next FL0-2D simulation. An initial FL0-2D flood 

simulation must be completed prior to a Boodway simulation 
(see comment 5). 

IHYDRSTRUCT s 0 =off SetiHYDR TR CT = 1 to simulate hydraulic structures 
1 =on either on the floodplain or in the channel. The HYSTRUC. 

DAT file must be created. 

IMULTC s 0 =off et IMULTC = 1 to simulate multiple channel (rill and gully 
1 =on flow) on the floodplain. Rill and gully Aow rather than over-

land sheet flow will be simulated to route the flow between 
designated floodplain grid elements. The fULT.DAT file 
must be created. 

IMODFLOW s 0 =off et IMODFLOW = 1 to simulate surface-groundwater in-

1 =on teraction. This switch initiate the MOD FLOW groundwater 
model a during the FL0-2D simulation. 

I FIL s 0 =off I FIL = 1 initiates an infiltration subroutine using the 
1 =on Green-Ampt infiltration model for either channel or over-

land infiltration. The I FIL.D T file must be created. 

IRAI s 0 =off SetiRAI = 1 to simulate rain on the grid system. The 
1 =on RAI .DAT file must be created (see comment 1). 

I ED s 0 =off If ISED = 1, the sediment transport routine will be used. 
1 =on The SED.DAT file must be created. 

ITIMTEP s 0 =off Set ITIMTEP = 1 to create file of time lapse flow depths for 

1 =on a MAXPLOT or MAPPER post-simulation flood animation. 
The timestep TIMTEP must be specified. 

• 
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VARIABLE 

IWRFS 

LEVEE 

LGPLOT 

METRIC 

MSTREET 

1UD 

OPRTC 

O PRTFP 

FMT 

s 

s 

s 

s 

s 

s 

s 

s 

Variable D escriptions for the 

CONT.DAT File 
(s) Switch (i) = Integer variable (r) = Real variable (c) = Character 

RANGE DESCRIPTION 

0 =off IWRFS = 1 specifies that area and width reduction factors 

1 =on (ARFs and WRFs) will be assigned in the ARF.DAT file. 

O=off Set LEVEE = 1 to simulate levees. The LEVEE.DAT file 
1 =on must be created. 

0 =text LGPLOT = 0 will display a text message on the screen 
2 =graphic which scrolls the simulation time, minimum timestep and 

volume conservation. 
LGPLOT = 2 provides a graphic display of the floodwave 
progression over the grid system (flow depth) and inflow 
hydrograph. 

O=Eng METRIC = 0 for English units and -< TRIC = 1 for the 
1 =Met metric system of units. 

0 =off MSTREET = 1 to initiate the street flow component. The 

l =on STREET.DAT file must be created (see comment 2). 

0 =off Set MUD = 0 for clear water and MUD = 1 for hypercon-

l =on centrated sediment flow. Setting MUD = 1 requires a sedi-
ment concentration by volume. Either the variable HP(I,J,3) 
for a floodplain hydrograph or H(I,J,3) for a channel hydro-
graph to be assigned to each inflow hydrograph interval (see 
comments 1 and 3). The SED.DAT file must be created. 

0, 1 or 2 If OPRTC = 0, all the channel data is printed to the 
BASE.OUT file. 
If OPRTC = 1, the channel outflow data is not printed to 
the BASE.OUT file. 
If NOPRTC = 2, all the channel output data is not printed .. 

0, 1, 2 or 3 If OPRTFP = 0, all the floodplain flow data is printed to 
the BASE.OUT file. 
If OPRTFP = 1, floodplain outflow data is not printed to 
the BASE.OUT file. 
If OPRTFP = 2, the floodplain flow data is not printed to 
the BASE.OUT file. 
If OPRTFP = 3, only floodplain outflow data is printed to 
the BASE.OUT file . 



Variable Descriptions for the 

CONT.DAT File 

____ 36_. 
D ATA INPUT 

(s) Switch (i) =Integer variable (r) =Real variable (c) = Character 

VARIABLE FMT RANGE DESCRIPTION 

HALLOWN r 0-0.4 Flow roughness n-value for shallow overland flow (flow 
depth < 0.2 ft or 0.6 m) (see comment 9) . If SHALLOWN 
< 0.05, the model will default to SHALLO\'V'N = 0.100. 

SIMUL r 0.0 1 - CXJ Simulation time (hours). 

s PER s 0 =off SUPE R = 1 prints a message that the flow is supercritical in 

1 =on the given grid element to the S PER.O T file. 
IF PER = 0, the message will be not be printed for either 
overland and channel flow. 

WMM i 0 =off WMM = 1 initiates the EPA WMM storm drain model 

1 =on interface with the FL0-2D preclicted surface water. 

TIMTEP r 0 - 100 An output time interval (hrs) that the flow depth will be 
written to an output file for a post-simulation flood anima-
tion in MAXPLOT or MAPPER. TIMTEP should be a • multiple of TO T. The variable ITIMTEP must be set. 

TOUT r 0.0 1 - CXJ Output time interval (hours). This is the time interval that 
hydraulic data is recorded in the various output files *.OUT. 

XARF r 0 - 1 Global area reduction factor applied to all grid elements. 
This factor reduces the grid element surface area available 
for flood volume storage. XARF can be used to account 
irregular surface topography, dense vegetation or other 
features. Range: 0 < XARF < 1. A typical value for XARF 
might be 0.10 indicating dut 10% of each grid element 
surface is not available for flood storage. The XARF value is 
overridden by the ARF variables specified for the individual 
grid elements in the ARF.D T file. Assign XARF = 0 to 
flood the entire surface area of the grid elements. 

xco c [ 0-0.50 Volumetric concentration to bulk the inflow clischarge hy-
drograph (channel or floodplain). For example, set XCO c 
= 0.20 for a concentration of 20% by volume. This will 
account for sediment bulking without initiating the hyper-
concentrated sediment transport routine. If simulating clear 
water floocling, set XCO C=O. et D = O,ifXCO c 
is greater than zero. 
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Instructional Comments 

CONT.DAT File 
The following comments will assist in the developing of the CO T.DAT file: 

1. If any of the switches MUD, ISED, IRAI , IMULT, I FIL, MSTREET, LE
VEE, ICHA EL, I\'<IRFS, IMODFLOW, SWMM or IHYDRSTRUCT are 
set to 0 "off', then the corresponding data file can be omitted. For example, 
set MSTREET = 0 and the STREET.DAT file can be omitted. 

2. Streets, groundwater, mudAow, levees, and rill and gully Bow can be simulated 
with or without a channel. 

3. On alluvial surfaces, supercritical Bow is uncommon and may be inhibited by 
sediment entrainment. There are three possible approaches to a high Fronde 
number How analysis 

a. Allow supercritical Aow and do not limit the Froude number. 

b. Increase the grid element roughness by assigning AMAN or setting high
er individual grid element n-values to reduce the Froude number (assign 
spatially variable n-values) . 

c. Limit the Froude number to a specific value (e.g. set FROUDL = 0.99 or 
1.11). When FROUDL is exceeded the grid element roughness value will 
be increased by 0.001 for the next timestep. After simulating a Hood, re
view the ROUGH.OUT file to determine where FROUDL was exceeded 
and the maxim.um n-values that were computed. You may consider revis
ing then-values in the FPLAI .DAT file to match those in the ROUGH. 
OUT file if you want to ensure that FROUDL is not exceeded. You can do 
this automatically by renaming the FPLAI .RGH file to FPLAI .DAT 

4. The flood wave travel time should be reviewed to determine if it is appropriate. 
The travel time can also be used to calibrate the n-values. Adjusting n-values 
with FROUDL will slow the arrival of the frontal wave. During the hydro
graph recessionallim.b when the Froude number is less than 0.5 and the Bow is 
shallow, the n-value decreases by 0.0005 until the original n-value is reached 

5. IFLOODWAY initiates the floodway routine. Flow will not be exchanged 
between floodplain grid elements unless the maximum water surface plus the 
encroachment depth (E CROACH) from a previous FL0-2D sinmlation is 
exceeded. See the Floodway discussion in the Reference Manual component 
descriptions. An initial FL0-2D simulation is required to establish the maxi
mum water surface elevations . 



6. If channel flow is simulated (ICHAN EL = 1), then the OPRTC variable 
must be set in CO T.DAT. In addition, any channel outflow control must be 
defined in 0 TFLOW.DAT. 

7. ITIMTEP will enable a simple animation of the overland flow to be shown 
in Mapper or MAXPLOT. The animation will be based on a time interval 
TI.i'v.ITEP specified by the user. 

8. The depth duration analysis is used to determine how long a floodplain grid 
element is immdated at a flow depth greater than the DEPTHDUR variable. 
If DEPTHDUR = 1 ft, the output file DEPTHDUR.OUT has the total du
ration in hours that the depth exceeded 1 ft. The results can be reviewed in 
MAXPLOT. If the depth duration analysis is activated, then a second output 
file D EPTHD RATIO 2.0 Tis generated for the cumulative time duration 
above 2 ft (0.61 m). 

9. To improve the timing of the floodwave progression through the grid system, 
a depth variable roughness can be assigned. The basic equation for the grid 
element roughness nd as function of flow depth is: 

nd = nb *1.5 * e ·(0.4 depth / dmax) 

where: 

~ = bankfull discharge roughness 
depth = flow depth 
dmax = flow depth for drowning the roughness elements and vegetation 
(hard\vired 3 ft or 1 m) 

This equation prescribes that the variable depth floodplain roughness is equal 
to the assigned flow roughness for complete submergence of all roughness (as
sumed to be 3 ft or 1 m). This equation is applied by the model a default and 
the user can 'off the depth roughness adjustment coefficient for all grid ele
ments by assigning AMAN = -99. This roughness adjustment will slow the 
progression of the floodwave. It is applied valid for flow depths ranging from 
0.5 ft (0.15 m) to 3 ft (1 m). For example, at 1 ft (0.3 m), the computed rough
ness will be 1.31 times the assigned roughness for a flow depth of 3 ft. sign
ing a ROUGHADJ value may reduce expected high Froude numbers. When 
using the combined shallow roughness value and the depth variable roughness, 
the following rules apply: 

0.0 < flow depth < 0.2 ft (0.06 m) n=SHALLO value 

0.2 ft (0.06 m) <flow depth< 0.5 ft (0.15 m) n = SHALL0\1 /2. 

0.5 ft (0.15 m) < flow depth < 3 ft (1 m) n = ~ *1.5 * e·(0.4 deprh/ dmax) 

3 ft (1 m) < flow depth n = n-value in FPLAI .D T 

__ 3_8. 
D ATA INPUT 

• 
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10. !BACKUP = 1 is used to create a backup file with an *.BAC extension. Thi.s 
file can be reviewed to see if the model is correctly reading the data. Thi.s is 
a format troubleshooting tool. These files can be renamed to *.DAT and the 
model will run with tl1em. 

It will also be used to generate a series of binary files that represent the model 
results at the last output interval. The binary files are overwritten at the end 
of each output interval so if the model is terminated prior to the end of the 
run for any reason, the simulation can be restarted from the last interval. Set
ting the switch to 1 can significantly lengthen the model run time. 

Setting IBACKUP = 2 will write all elevation changes associated with the 
outflow nodes and channel top-of-bank revisions to the FPLAI .RGH file . 

Outflow nodes used by the model will discharge water off the grid sys tem us
ing an upstream normal depth flow approximation. They must be lower tl1an 
the upstream contiguous elements and at runtime the model will automati
cally adjust the grid element elevation 0.25 ft lower than the lowest upstream 
grid elements. If the channel top-of-bank elevation is different from the 
floodplain bank elevation by more than 1 ft (0.3 m), the floodplain grid ele
ment is revised to the top-of-bank elevation. These revisions are written to 
the FPLAI .RGH file and the file can be renamed to FPLAI .DATto run 

the model. 



FILE: TOLER.DAT 
NUMERICAL STABILITY CONTROL DATA 

TOLER.DAT File Variables 

0.1 0.20 1.0 Line 1: TOL DEPTOL WAVEMAX 

___ 4_0. 
D ATA I NPUT ~ 

~ 

~ 
0 
f-c 

c 0.6 0.5 0.5 Line 2: COURCHAR = 'C' COURANTFP COURANTC 

T 0.1 

0.1 0.20 1.0 
c 0.6 0.5 0.5 
T 0.1 

COURANTST 
Line 3: COURCHAR = "T" TIME_ACCEL 

• 
TOLER.DAT File Example 

• 



• 

• 

• 
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VARIABLE 

COURANTC 

COURANTFP 

COURANTST 

COURCHAR 

DEPTOL 

TIME_ACCEL 

TOL 

WAVEMAX 

FMT 

i 

i 

i 

c 

r 

r 

r 

r 

Variable D escriptions for the 

TOLER.DAT File 
(s) Switch (i) = Integer variable (r) = Real variable (c) = Character 

RANGE DESCRIPTION 

0.2- 1 Courant number for channels. Courant-Friedrich-Lewy 

typ 
numerical stability parameter that relates the floodwave 
movement to the discretized routing model. 

0.3- 0.7 

0-1 Courant number for floodplain. Courant-Friedrich-Lewy 

typ 
numerical stability parameter that relates d1e flood wave 
movement to the discretized routing model. (See comment 

0.3- 0.7 4) 

0-1 Courant number for streets. Courant-Friedrich-Lewy nu-

typ 
merical stability parameter that relates the floodwave move-
ment to the discretized routing model. 

0.3 - 0.7 

C,T Character 'C' d1at identifies Line 2 with the Courant stability 
parameter. 

0 Tolerance value for the percent change in the channel flow 

or 
depth for a given timestep. When DEPTOL is exceeded for 
any channel element, the timestep will be reduced. If DEP-

0.1- 0.5 TOL = 0, then the timestep is governed by d1e prescribed 
numerical stability criteria (see comment 3). Suggested 
default value for D EPTOL = 0.0 

0.01- Coefficent to increase the rate of incremental tin1estep 

100.00 change. Default value - 0.1. Higher value may result in a 
faster simulation time. 

0-0.5 Surface detention. TOL is a minimum value of the flow 
depth for flood routing. A typical value is 0.10 ft (see com-
ment 2). Use a small TOL value for rainfall runoff (0.025 ft 
to 0.05 ft; 0.01 m to 0.015 m). A TOL value for streets (0.03 
ft or 0.01 m) is hardwired in the model. 

0.00-2.0 Maximum value of the numerical stability coefficient for 
full dynamic wave flood routing. Default value for WAVE-
MAX = 0.0. WAVEMAX directly controls the maximum 
timestep. Reduce WAVEMAX to improve volume conserva-
cion or reduce surging. Increase WAVEMAX to speed up 
the flood simulation. 



____ 4_2_. 
D ATA INPUT 0 Instructional Comments for the 

TOLER.DAT File 
et the Courant numbers to 0.6 (default), D EPTOL = 0. and WAVEMAX = 0 for 

the intial simulations. If numerical surging is observed, first reduce the Courant 
numbers, then add DEPTOL = 0.2 and WAVEMAX as follows: 

OPTION RESULT 

1. Set WAVEMAX in the Dynamic wave stability criteria increments and decrement the com-

range 0.10 to 1.00 putational timestep when WAVEMAX is exceeded. Model runs more 
(typical value = 0.25). slowly but is stable. 

2. Assign W VEMAX as a The dynamic wave numerical stability criteria are turned off. The 

negative number using same timestep will be incremented of decremented only by Courant stabil-
range of values -0.10 to -1.00 ity criteria or the DEPTOL. The floodplain Manning's n-values are 
(typical value = -0.25). incremented when the dynamic wave stability criteria is exceeded, but 

the timestep is not decreased. The mode! runs faster and makes n-
value adjustment in grid elements with potential stability problems. 
Changes to n-values are written to the ROUGH.O T file. The in-
crease and decrease of the n-values occurs according to the following 
relationships: 

n = n + 0.0006616 e <-10
·9 n) when the limiting timestep is exceeded 

n = n + 0.00005 when the limiting timestep is not exceeded. 

3. WAVEMAX = 0 or > 100 The dynamic numerical stability criteria are turned off. The timestep 
(typical value 100.25) . are incremented or decremented only by the Courant stability criteria 

and the DE PTOL value. There is no n-value adjustment. 

1. The TOL value prescribes the flow depth for a floodplain or channel grid ele
ment below which no Aood routing will be performed. TOL is analogous to a 
depression storage rainfall abstraction. The TOL value for streets is hardwired 
(0.03 ft or 0.01 m). 

2. DEPTOL controls the percent change in channel Aow depth for a given 
timestep. It is a generic control that eliminates further analysis of the numeri
cal stability criteria. D EPTOL affects the computer runtime and Aow depth 
resolution. If a .Aood sin1ulation yields poor results either by failing to conserve 
volume or by noted erratic or surging discharge, then the D EPTOL parameter 
may be too high for numerical stability. D ecreasing DEPTOL will reduce the 
timestep, improve the numerical stability and longer computational times. Set
ting DEPTOL equal to 0 dictates that only the Courant criteria will be applied . 
Significant numerical instability may require revisions in slope, flow area or 
roughness. 

~ 

~ 
0 
~ 

• 

• 
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3. Decreasing the maximum dynamic wave stability decreases the timestep and 
improves the numerical stability and volume conservation for the full dynamic 
wave. Review the CHA MAX.OUT file and the HYDROG program hydro
graph plots for hydrograph spikes. You can also review MAXPLOT or Map
per++ or the VELTIMEFP.OUT file to determine if floodplain velocities are 
too high. If surging problems are observed, reduce WAVEMAX. A typical 
range for WAVEMAX is 0.1 to 1.0. The TIME.OUT file will identify which 
floodplain, channel or street elements cause the most timestep decreases as a 
function of the stability criteria. 

4. Using the Courant criteria, the timestep l:l.t is limited by: 

L'u = C l:rr.. I (~V +c) 

where: 

C is the Courant number (C :S 1.0) 
.6..."- is the square grid element width 
Vis the computed average cross section velocity 
~is a coefficient (e.g. 5/3 for a wide channel) but is seldom used 
c is the computed wave celerity 

The coefficient C may vary from 0.1 to 1.0 depending on the size of the grid 
element and floodwave velocity. If Cis set to 1.0, artificial or numerical dif
fusivity is assumed to be zero. A typical value of the Courant number is 0.6 
to 0.7. 

Use the following approach to improve numerical stability and run
time speeds: 

Initially run the model with the Courant numbers = 0.6 and D EPTOL = 0. 
and WAVEMAX = 0. If the model is unstable, reduce the appropriate Cou
rant number by 0.1 in successive runs until the Courant number reaches 0.2. 
If numerical instability is still observed, assigned DEPTOL and WAVEMAX 
values or adjust the model component attributes. 

Run the model with an appropriate limiting Froude number (e. a. FROUDL in 
CO T>DAT = 0.9 subcritical flow on an alluvial surface). This will calibrate 
the model n-values for reasonable Froude numbers. 

Review the maximum velocities in VELTIMEC.OUT, VELTIMEFP.OUT 
and VELTIMEST.OUT (or in MAA"PLOT or Mapper++) to determine the 
location of any inappropriate high velocities related to numerical surging and 
increase the n-values in the vicinity of the grid elements with high velocities. 

Review then-values in ROUGH.OUT and FPLAI .RGH. Make n-value ad
justments in FPLAI .RGH based on exceedingly high n-values in ROUGH. 
OUT then replace FPLAI .DAT with FPLAI .RGH. 



Run the simulation and repeat steps 3 and 4 making adjustments to FPLAIN. 
RGH until ROUGH.OUT is essentially empty. A few incremental n-value 
changes will not affect the simulation. You can also make adjustments to 
FROUDL to decrease the number of n-value adjustments. 

• 
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FILE: FPLAIN.DAT D ATA INPUT 

FLOODPLAIN GRID ELEMENT DATA 

FPLAIN.DAT File Variables 

1 0 2 10 0 0.060 4005.23 Line 1: DUM FP(I, J) FP(I, 5) FP(I, 6) 
2 0 3 11 1 0.065 4008.65 Line 1: DUM FP(I,J) FP(I, 5) FP(I, 6) 
3 0 4 12 2 0.065 4002.23 Line 1: DUM FP(I,J) FP(I, 5) FP(I, 6) 
... 
... 
... 

18 9 0 27 17 0.065 4010.78 Line 1: DUM FP(I,J) FP(I, 5) FP(I, 6) 

Note: FPLAI .DAT is a list of the grid element and its bordering grid elements. Zeros indicate 
boundary elements. 

Line 1: 

Example Grid 1 = grid element, 
0 = cell to the north, 

1 2 3 4 5 6 7 8 9 2 = cell to the east, 

10 11 12 13 14 15 16 17 18 10 = cell to the south, 
0 = cell to the west 

19 20 21 22 23 24 25 26 27 0.060 = n-value for the cell 

28 29 30 31 32 33 34 35 36 4005.23 = cell elevation 

FPLAIN.DAT File Example 

1 0 2 10 0 0.060 4005.23 
2 0 3 11 1 0.065 4008.65 
3 0 4 12 2 0.065 4002.23 
4 0 5 13 3 0.065 4003.15 

33 24 34 0 32 0.065 4000.22 
34 25 35 0 33 0.065 4000.56 
35 26 36 0 34 0.065 4001.00 
36 27 0 0 35 0.065 4001.45 

• 
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VARIABLE 

DUM 

FP(I,J) 

FP(I,S)-

FP(I,6) 

FMT 

i 

i 

r 

r 

Variable D escriptions for the 

FPLAIN.DAT File 
(s) witch (i) =Integer variable (r) = Real variable (c) = Character 

RANGE DESCRIPTION 

1 - OD Grid element number (I) of the floodplain grid system. This 
is a dummy variable that is not u ed by the model. It is only 
used for d1e convenience of viewing the input data file. 

1 - OD Floodplain element contiguous to grid element I (where I 
= 1, OD) and located in the ]-direction (where] = 1,4). 
The ]-direction corresponds to one of the four compass 
directions (see comments 1 thru 5). 

0.010 -0.4 Manning's n roughness coefficient assigned to grid element 
I. (see comment 6) 

Ground surface elevation for grid element I (ft or m). 

• 

• 



• Instructional Comments for the 

FPLAIN.DAT File 

This file is prepared by the grid developer system program GDS and generally re
quire no data revisions. Occasionally, an n-value or elevation for an inclividual grid 
element is moclified. Spatial variability and ecliting of both the n-values and eleva
tions are easily accomplished in the GDS programs. If grid elements are added to 
the FPLAIN.DAT file after creating the file, there are several rules that should be 
observed. 

1. There should be no elements in the grid system that do not have at least one 
neighbor element sharino- one side. In other words, no element should be con
nected only by a single cliagonal corner. 

2. The elements should be numbered consecutively starting with 1. 

3. 

4. 

5. 

If a grid element (I) is a boundary element, then the neighboring grid element 
FP(I,J) where J = 1, 2, 3, or 4, is set equal to 0. 

Any adclitional grid elements in the FPLAI .DA T file must have correspond
ing grid elements in the CADPTS.DAT file. 

The roughness assigned to the floodplain grid element should represent the 
A ow resistance associated with a flow depth of 3 ft (1 m) or greater. The model 
automatically computes a depth variable roughness for depths less than 3 ft 
approximately as follows: 

n d = n b *1.5 * e - (0.4 depth / dmax) 

where: 

nb - bankfull clischarge roughness 
depth = flow depth 
dmax = Aow depth for drowning the roughness elements and vegetation 

(hardwired 3ft or 1 m) 

To turn off the depth variable roughness setAMAN = -99. See the Com
ment 9 in the CO T.DA T file . 
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FILE: MANNINGS N.DAT 
FLOODPLAINGRIDELEMENTNVALUEDATA 

1 0.04 
2 0.04 
3 0.04 

18 0.04 

MANNINGS_N.DAT File Variables 

Line 1: DUM FP(I, J) 
Line 1: DUM FP(I, J) 
Line 1: DUM FP(I, J) 

Line 1: DUM FP(I, J) 

D ATA INPUT 

ote: MAN I GS_ .DAT is a list of the grid elements and their n-values. This file is automatically 
generated by the GDS and FL0-2D model at runtime. The n-values are the same as those listed in 
FPLAI .DAT when it is created or edited. Use this file for GIS or CADD applications. Combined 
with TOPO.D T, it can replace the FPLAIN.DAT and CADPTS.DAT files. 

1 0.040 
2 0.040 
3 0.040 
4 0.040 

33 0.040 
34 0.040 
35 0.040 
36 0.040 

MANNINGS_ .DAT File Example 

• 
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VARIABLE 

DUM 

FP VALUE 

FMT 

i 

r 

Variable Descriptions for the 

MANNINGS_N.DAT File 
(s) Switch (i) =Integer variable (r) = Real variable (c) = Character 

RANGE DESCRIPTION 

1 - OD Grid element number (I) of the floodplain grid system. This 
is a dummy variable that is not used by the model. It is only 
used for the convenience of viewing the input data file. 

0.010-0.4 Manning's n roughness coefficient assigned to grid element 
I. (see comment 1) 



Instructional Comments for the 

MANNINGS_N.DAT File 

This file is prepared and edited by the GD program for spatially variable n-values. 

1. The elements should be numbered consecutively starting with 1. 

2. The roughness assigned to the floodplain grid element should represent the 
A ow resistance associated with a Aow depth of 3 ft (1 m) or greater. 

3. This file is a substitute for then-values listed in the FPLAI .DAT. 

4. MAN I G_ .DAT,MAN G_ .B C, MAN I G_ .RGH 

5. This series of files is automatically generated by the Pro model and ha the 
format of grid element number and Manning's n-value in two columns. When 
combined with TOP .DAT, MAN I GS_ .D T can be used as a substi
tute for FPLAI .DAT. FPLAIN.DAT can be deleted or not used if these 
two files are present in the project folder. The model will recognize that either 
TOPO.DAT and MAN I GS_ .DAT or FPLAI .DAT is present and will 
automatically generate the missing file (s). These files can be used to assigned 
or edit then-values. TOPO.DAT and MAN I GS_ .DAT are in a format 
that is more GI compatible and FPLAI .DAT will eventually be obsolete. 
MAN I GS_ .RGH is used with the limiting Froude number component to 
report adjusted n-values during a simulation in place of FPLAIN.RGH. 

____ s_o_. 
D ATA INPUT 
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FILE: TOPO.DAT 
TOPOGRAPHICAL ELEVATION DATA 

D ATA INPUT 

TOPO.DAT File Variables 

551397.50 44608.95 6.00 
551397.50 44708.95 6.05 
551397.50 44708.95 6.06 

551597.50 44808.95 7.1 8 

Line 1: DUM FP(I, J) 
Line 1: DUM FP(I, J) 
Line 1: DUM FP(I, J) 

Line 1: DUM FP(I, J) 

Note: TOPO.DAT is a list of the grid element x- and y-coordinates and their elevations. Theel
evations are interpolated from topographical data by the GDS. This files contains the same data as 
FPLAI .DAT and CADPTS.DAT. It is automatically generated and edited by the GD S when the 
FPLAI .DAT is written. Use this file for compatible GIS and CADD applications. 

TOPO.DAT File Example 

551397.50 44608.95 6.00 
551397.50 44708.95 6.05 
551397.50 44808.95 6.06 
551397.50 44908.95 6.06 
551397.50 45008.95 6.11 
551 397.50 45108.95 6.09 
551397.50 45208.95 6.12 
551397.50 45308.95 6.14 
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VARIABLE 

XCOORD (I) 

YCOORD (I) 

EL V(I) 

FMT 

r 

r 

r 

Variable D escriptions for the 

TOPO.DAT File 
(s) Switch (i) =Integer variable (r) = Real variable (c) = Character 

RANGE DESCRIPTION 

00 X coordinate of grid element node at center. 

00 Y coordinate of grid element node at center. 

00 Elevation of grid element. 

• 

• 
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Instructional Comments for the 

TOPO.DAT File 

1. The data in this file is the same as d1at in FPLAIN.DAT and CADPTS.DAT 

and is in a format that enables GIS and CADD applications to use it clitecdy. 

2. The TOPO.DAT and MAN I GS_ .DAT files replace FPLAI .DAT and 
CADPTS.DAT files. If these files are generated by GIS and CADD programs, 
the FL0-2D model can mn without the FPLAIN.DAT and CADPTS.DAT if 
d1e data is space delimited. 

3. TOPO.DAT and TOPO.BAC. 

4. Combined wid1 MA INGS_ .D AT, TOPO.DAT replaces FPLAI .DAT. 
TOPO.DAT has the format of x- and y-coorclinate, and elevation (x,y,z file) of 
the grid element center with the grid elements list from 1 to the end. It is more 
GIS compatible than FPLAI .DAT. IfTOPO.DAT is missing at runtime, the 
model automatically generates dus file. Sinularly if FPLAI .DAT is nussing 
at runtime, the model automatically generates this file . Eventually FPLAIN. 
D AT will be obsolete . 
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FILE: INFLOW.DA T 
INFLOW HYDROGRAPH DATA 

INFLOW.DAT File Variables 

0 4335 Line 1: IHOURDAILY IDEPLT 
c 0 4335 Line 2: IFC(I) = 'F' or 'C' INOUTFC(I) KHIN(I) 

I= umber o/ injl01v nodes. 
H 0 0 Line 3: HYDCHAR = 'H' HPG,l) HPG,2) HPG,3) 
H 1 5530 Line 3: HYDCHAR = 'H' HPG,l) HPG,2) HPG,3) 
H 24 5530 Line 3: HYDCHAR = 'H' HPG,l) HPG,2) HPG,3) 

D ATA INPUT 

J =l 
J=2 
J =3 

R 5232 
R 6528 

3320 
3295 

Line 4: RESCHAR = 'R' IRESGRIDG) RESERVOIRELG) J=l 
Line 4: RESCHAR = 'R' IRESGRIDG) RESERVOIRELG) J=2 

} = umber o/ data pairs. 

otes: 
If only rainfall is being simulated omit this file 
Line 2, 3: Repeat these lines for each inflow grid element. 
Line 3: If MUD = 0, H P(IJ,3) is omitted. 

0 4335 
c 0 
H 0 
H 1 
H 2 
H 3 
H 4 
H 5 
H 6 
H 7 
R 5232 

INFLOW.DAT File Example 

4335 
0 

5530 
5530 
5378 
5378 
5227 
5075 
4924 

• 



• 

• 

I. 



e ss 
-----
C HAPTER 4 
INPUT FILES 

VARIABLE FMT 

HP(IJ,1) r 

HP(I,J,2) r 

HP(I,J,3) r 

HYDCHAR c 

IDEPLT i 

• 
IFC(I) c 

INOUTFC(I) s 

IHOURDAILY s 

KHI (I) i 

RES CHAR c 

IRES GRID i 

RESERVOIREL r 

• 

Variable Descriptions for the 

INFLOW.DAT File 
(s) Switch (i) = Integer variable (r) = Real variable (c) = Character 

RANGE DESCRIPTION 

0.0- 00 Time corresponding to the start of the floodplain inflow 
hydrograph interval (hours or days). The first hydrograph 
time-discharge set should be 0.0 and 0.0. 

0.0- 00 Floodplain discharge (cfs or m3
) corresponding to the time 

interval which starts at HP(IJ,1). 

0 - 1 Sediment concentration by volume (see comment 2). 

H Character 'H' that identifies Line 3 inflow hydrograph time 
and discharge pairs. Each line of the hydrograph begins 
with 'H'. 

1 - OD Inflow grid element number whose hydrograph is to be 
graphically displayed at runtime. Only one inflow grid 
element hydrograph can be plotted on the screen. If no 
graphic display is desired (LGPLOT = 0) set IDEPLT = 0 
(see comment 3). 

ForC Character 'F' or 'C' to identify the inflow hydrograph grid 
element as a floodplain 'F' or a channel 'C (see comment 1). 

0 =inflow OUT = 0 for inflow hydrograph. I OUT = 1 for out-
1 =outflow flow hydrograph or diversion from the channel (see com-

ment 4) . 

0 =hourly IHOURDAILY = 0 for hourly intervals in the discretized in-

1 =daily flow hydrograph HP (I,J,1) . IHOURDAILY = 1 for (24hr) 
intervals of HP (I,J,1). 

1 - OD Array of grid elements with a inflow hydrograph (inflow 
nodes). 

R Character 'R' that identifies Line 4 for reservoir or ponded 
area water surface assignment. 

1 - OD Grid element located somewhere inside the reservoir or pon-
ded water area. Only one grid element has to be assigned a 
water surface elevation (see comment 5). 

0-30,000 Water surface elevation (ft or m) of the reservoir or ponded 
water area. 

0-9,000 



Instructional Comments for the 

INFLOW.DAT File 

1. Either the channel or the floodplain grid elements can be used to input the 
inflow hydrograph to grid system. 

2. The user has a choice to input either the sediment concentration by volume 
associated with the inflow water discharge or a sediment volume for the time 
interval starting at HP(IJ ,1 ). The sediment volume (ft:3 or m3l can represent 
erosion, hillslope failure, or any other type of mass sediment loading. \'(!hen 
HP(I,J,3) is less than 1.0, HP (I,J,3) correspond to the sediment concentration 
by volume for floodplain discharge HP(I,J,2) for the time interval which starts 
at HP(IJ ,1) . If HP(IJ,3) is greater than 1.0, then HP(IJ,3) represents a sedi
ment inflow volume 

3. IDEPLT must be an inflow grid element KHI (I) listed in Line 2. 

4. If the channel inflow hydrograph is to be plotted at runtime on the screen, set 
LGPLOT = 2 in the CO T.DAT @e. 

5. To create a filled reservoir or pond, simply assign the desired water surface 
elevation to one grid element (IRESGRID) within the ponded area. At run
time, the model will automatically assign the same water surface to all the grid 
elements that are contiguous to IRESGRID that a have a ground elevation less 
than the prescribed water surface elevation ER OIREL. 

___ s_6 e 
DATA INPUT 
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FILE: OUTFLOW.DAT 
OUTFLOW HYDROGRAPH DATA 

D ATA INPUT 

OUTFLOW.D AT File Variables 

K 374 Line 1: OUTCHAR = 'K' KOUT 
H 10.0 2.6 0.35 Line 2: OUTCHAR = 'H' HOUTG,l) HOUTG,2) HOUTG,3) 
K 1007 Line 1: OUTCHAR = 'K' KOUT 
T 0.0 0.00 Line 3: OUTCHAR = 'T' CHDEPTHG) CQTABLEG) J=l 
T 3.0 50.35 Line 3: OUTCHAR = 'T' CHDEPTHG) CQTABLEG) J=2 
T 5.0 157.67 Line 3: OUTCHAR = 'T' CHDEPTHG) CQTABLEG) J=3 
K 567 Line 1: OUTCHAR = 'K' KOUT 

567 1 Line 4: OUTCHAR = 'N' NOSTA NOSTACFP 
s 0.00 0.00 Line 5: OUTCHAR = 'S' STA_TIMEG) STA_STAGEG) J=l 
s 0.50 10.00 Line 5: OUTCHAR = 'S' STA_TIMEG) STA_STAGEG) J=2 
s 1.00 20.00 Line 5: OUTCHAR = 'S' STA_TIMEG) STA_STAGEG) J=3 
0 273 Line 6 OUTCHAR = '0' NODDCG) J=l 
01 373 Line 6: OUTCHAR = '01' NODDCG) J=2 
02 374 Line 6: OUTCHAR = '02' NODDCG) J=3 
03 567 Line 6: OUTCHAR = '03' NODDCG) J=4 

J = 111/tllber of parameters 

otes: 
Line 1, 2 and 3: If channel= 0 in CO T.DAT omit these lines. 
Line 1: Repeat for each channel outflow element. 
Line 2: Omit line if no stage-discharge control relationship is required for the channel outflow. 
Line 3: Omit line if no stage-clischarge control is required for the channel outflo\.v. If Lines 2 and 3 

are omitted, the channel outflow will be discharge from the grid system as normal flow. 
Line 4 and 5: Repeat lines for each element with a time-stage relationship. 
Line 6: Repeat for each floodplain outflow grid element and each outflow node that will generate a 

hydrograph . 
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CHAPTER 4 
INPUT FILES 

K 374 

FILE: OUTFLOW.DAT 
OUTFLOW HYDROGRAPH DATA 

OUTFLOW.DAT File Example 

H 10.0 2.6 0.35 
K 1007 
T 0.0 0.00 
T 3.0 50.35 
T 5.0 157.67 
T 10.0 366.58 
K 567 

567 1 
s 0.00 0.00 
s 0.50 10.00 
s 1.00 20.00 
s 1.50 10.00 
s 2.00 0.00 
0 273 
0 373 
0 374 
0 564 
0 565 
0 566 
0 566 
0 567 
0 568 
01 1005 
01 1006 
01 1007 .. ... 

• 

• 

• 
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Variable Descriptions for the 

OUTFLOW.DAT File 

59 

D ATA INPUT 

(s) Switch (i) =Integer variable (r) = Real variable (c) =Character 

VARIABLE FMT RANGE DESCRIPTION 

CTDEPTHQ) r 0.0- 00 Array of channel maximum depths above the thalweg (not 
water surface elevation) for the outflow rating table. 

CQTABLEQ) r 0.0- 00 Array of discharges for the channel outflow rating table. 

HOUT(J,1) r 0.01- 00 Array of channel maximum depths for which a channel 
outflow stage-discharge relationship is valid. 

HOUT(J,2) r 0.0 - 00 Array of coefficients for the channel element outflow stage-
discharge relationship (see comment 3). 

HO T(J,3) r 0.0- 00 Array of exponents for the channel element (I) outflow 
stage-discharge relationships 

KOUT i 1 - OD Array of channel outflow elements. These elements dis-
charge flow out of the grid system from the channel (see 
comments 1 and 2) 

ODDC i 1 - D C Array of floodplain outflow grid elements. These elements 
discharge flow out of the grid system from the floodplain 
(see comments 1 and 2) . 

OSTA i 1 - OD Array of grid elements with stage-time relationships. If 
OSTA is a inflow element, assign OSTA as a negative 

value to compute inflow volume (see comments 4, 5 and 6). 

OSTACFP s 0 =flood- Channel or floodplain identifier. If OSTACFP = 0, the 

plain following stage-time relationship is for a floodplain element. 

1 =channel If OSTACFP = 1, the stage-time relationship is for a 
channel element. 

OUT CHAR c K,H, T,N, Character line identifier that initializes each line in the data 
S,O file. See Comment 7. 

01-09 

STA_ TIME(J) r 0.0- 00 Array of time intervals (hrs) for the grid element stage-time 

500 pairs relationship. 

STA_STAGE(J) r 0.0- 00 Array of water surface elevations (ft or m) for the stage-time 
500 pairs relationship. 
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C HAPTER 4 
INPUT FILES 

Instructional Comments for the 

OUTFLOW.DAT File 

1. Either the channel or the floodplain outflow elements can be used to discharge 
the flow from the grid ystem. The outflow node is an artificial grid element 
whose sole purpose is to discharge flow off the grid system. The outflow nodes 
should not contain hydraulic structures, streets or other attributes. The flood
plain elevation of the outflow node .is automatically set to an elevation lower 
(0.25 ft or 0.1 m) than the lowest upstream grid element unless it .is already 
lower than all the upstream grid elements. 

2. Omitting Lines 2 and 3 will cause all the .inflow to the outflow elements to dis
charge from the grid system at normal flow conditions. This outflow is equal 
to the sum of the .inflow from the contiguous elements that are not outflow 
nodes. This method enables an approximation of normal flow depth .in the 
outflow elements. This .is a simple method to ensure that back"Water related to 
arbitrary boundary conditions does not occur in the upstream elements. 

3. Channel boundary outflow condition may be established by specifying a stage
discharge relationship given by Q =a hb where the coefficient (a) and exponent 
(b) are required input and his the flow depth. The coefficient (a) and exponent 
(b) can be used to established critical flow at the outflow grids. 

4. A discretized time-stage relationship can be employed to specify a water surface 
elevation for at various channel or floodplain locations in the grid system. This 
is a simple method by which to simulate storm urge flooding on the coastal 
floodplain. Floodplain or channel elements can be specified with increasing 
tides or surge water surface elevations. 

5. If a coastal flooding (storm surges or tsunamis) is being simulated with a time
stage hydraulic control, you can assign the time-stage control to the outflow 
nodes. When the time-stage water surface elevation .in OUTFLOW.DAT is 
higher than the model predicted stage, .inflow to the grid system will occur 
with assigned time-stage elevation to the outflow node. If the model predicted 
water surface is higher than the assigned time-stage elevation, the grid element 
will function as an outflow node discharging flow off the grid system. It is 
permissible to assign OSTA time-stage control to grid elements that are not 
outflow nodes. 

6. If a water surface elevation is specified for a OSTA element, determine if it is 
an .inflow element .in the I FLOW.DAT file. If OSTA is an .inflow element, 
set OSTA as negative value to compute the inflow volume at this element 
which corresponds to the constant water surface elevation. 

• 

• 

• 
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If the OUTCHAR is 01-09, these outflow grid elements will generate hydro
graphs that can be used as inflow hydrographs to a separate downstream FL0-
2D model with a different grid system (even if the downstream system has a 
different element size). The inflow hydrograph will be in the format of the 
INFLOW.DAT tile. This enables a row or column of outflow grid elements to 
be defined as inflow elements to the downstream grid system. Up to nine sepa
rate additional grid systems can be used. If only one downstream grid system 
will have the inflow hydrographs, set OUTCHAR = 01 for those boundary 
outflow nodes. The CADPTS.DAT file for the downstream grid system must 
be included in the project folder as CADPTSDS1 . 
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__ 6_2. 
D ATA INPUT FILE: RAIN.DAT 

RAINFALL DATA 

0 0 
3.100 0.000 0 1 
R 0.000 0.000 
R 0.083 0.050 
R 0.167 0.110 
R 0.250 0.300 
R 0.330 0.450 
R .... 
2.0 5 
2558 0.5 

otes: 

RAIN.DAT File Variables 

_ Line 1: IRAINREAL, IRAINBUILDING 
- Line 2: RTT RAINABS RAINARF MOVINGSTORM 
_ Line 3: 'RAINCHAR = 'R' R_TIME li R_DISTRli I=l 

Line 3: RAINCHAR = 'R' R TIME I R DISTR I I=2 
Line 3: RAINCHAR = 'R' R-TIME I R- DISTR I I=3 
Line 3: RAINCHAR = 'R' R-TIME I R- DISTR I I=4 
Line 3: RAINCHAR = 'R' R::::TIME I R::::DISTR I I=S 

, Line 4: RAINSPEED IRAINDIR 
Line 5 IRGRID(I) RAINARF(I) 

I = number if rainfall depth-area reduction values 

Line 4: If MOVI GSTORM = 0, omit this line. 
Lne 5: If IRAINARF = 0, omit this line 

------------------------------------~ · 
RAIN.DAT File Example 

0 0 
3.100 0.000 1 1 
R 0.000 0.000 
R 0.083 0.050 
R 0.167 0.110 
R 0.250 0.300 
R 0.330 0.450 
R .... 
2.0 5 
2558 0.50 

• 



• 

• 

I • 
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C HAPTER 4 
INPUT FILES 

VARIABLE 

IRAINARF 

IRAINB UILDING 

IRAINDIR 

IRAINREAL 

IRGRID 

MOVINGSTORM 

RAINABS 

RAINARF 

RAIN CHAR 

RAINS PEED 

RTT 

R_TIME(I) 

R_DISTR(I) 

• 

FMT 

s 

s 

i 

s 

i 

s 

r 

r 

c 

r 

r 

r 

Variable Descriptions for the 

RAIN.DAT File 
(s) Switch (i) =Integer variable (r) = Real variable (c) =Character 

RANGE DESCRIPTION 

0 =off IRAI ARF = 1 inclicates that inclividual grid element depth-
1 =on area reduction values will be assigned. 

0 =off IRAI BUILD I G = 1 inclicates that rainfall on the ARF 
1 =on portion of the grid element will be contributed to the sur-

face water runoff for that element. See comment 3. 

1thru8 Direction of the moving storm. Directions are as follows: 
1 = 5= E 
2=E 6 = SE 
3=S 7=SW 
4=W 8 = N\V' 

0 =off IRAINREAL = 1 inclicates that real-time rainfall (e.g. 
1 =on NEXRAD) will be simulated. The RAINCELL.DAT file 

containing the spatial and temporal rainfall data must be 
prepared by the GDS. 

1 - OD Grid element with a spatially defined rainfall depth area 
reduction value. This data is automatically generated in the 
GDS processor program 

0 =off MOVI GSTORM = 1 inclicates that a moving storm will be 

1 =on simulated. 

0- 1 Rainfall interception and abstraction (inches or mm) if infil-
tration is not being modeled (see comment~) . 

0-1 Rainfall depth area reduction to create spatially variable 
rainfall. This data is automatically generated in the GDS 

Pl ' >r program. 

R Character 'R' that identifies Line 3. 

0- 100 Storm speed (mph or mps) 
0 - so 

0.0- 00 Total storm rainfall (inches or mm). 

0.0 - 00 Time (hours) corresponcling to the start of the specified 
rainfall interval. 

0-1 Rainfall clistribution as a cumulative percentage of the total 
storm which initiates at the time interval R_TIME(I) (see 
comment 1) .. 



1. 

Instructional Comments for the 

RAIN.DAT File 

Rainfall distribution varies by 0.0 < R_DISTR(I) < 1.0. The rainfall distribu
tion has to be related to the overall .flood simulation time. The rainfall may oc
cur for only a portion of the total flood simulation and may start later than the 
flood simulation time represents. For most rain storms, the start of the simula
tion correlates with the start of the rainfall. In those cases where the rainfall 
and the simulation time are not correlated, it may be necessary to use 0.0 cumu
lative rainfall at the beginning of the flood simulation for a period of time and/ 
or similarly 1.0 (1 00%) cumulative rainfall near the end of the imulation. 

2. If infiltration is being simulated, set the RAI AB = 0 and assign the rainfall 
abstraction in the I FIL.DAT file. 

3. \'{!hen rainfall occurs on a grid element with a storage loss assigned (ARF val
ue), the default condition is that them model removes that volume from the 
surface water in that cell. It assumes that the rainfall on buildinas enters the 
storm drain system and is eliminated as runoff. Setting IRAI BUILDI G = 
1 enables the model to add the rainfall to the surface water of the grid element 
with an ARF value. It assumes that the buildings have a gutter system that 
discharge the water to the ground. 

__ 6_4. 
DATA INPUT 
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FILE: INFIL.DA T 
INFILTRATION DATA 

D ATA INPUT 

3 
0 0.7 1 0.4 10.0 1 
0.1 4.3 0 
0.03 
R 0.03 
R 0.03 0.3 10.0 

INFIL.DAT File Variables 

Line 1: INFMETHOD 
Line 2: ABSTR SATI SATF POROS SOILD INFCHAN 
Line 3: HYDCALL SOILALL HYDCADJ 
Line 4: HYDCX:X *See Notes 
Line 4a: INFILCHAR = 'R' HYDCX(IC) *See Notes 
Line 4b: INFILCHAR = 'R' HYDCX(IC) HYDCXFINAL(IC) 

SOIL_DEPTHCX(IC) 
IC= number of channel segments or reaches 

99 0 Line 5: SCSNALL ABSTRSCS 
F 1730 0.01 4.3 0.3 0.0 0.0 10.0 Line 6: INFILCHAR = 'F' INFGRID(N) HYDC(N) SOILS(N) 

DTHETA(N) ABSTRINF(N) RTIMPF(N) 
SOIL_DEPTH(N) 

= 1 - number of infiltration data sets 
S 320 82.00 Line 7: INFILCHAR = 'S' INFGRID(N) SCSCN(N) 
C 2 0.04 Line 8: INFILCHAR = 'C' INFCH(N) HYDCONCH(N) 
I 5.0 1.0 0.0007 Line 9: INFILCHAR = 'I' FHORTONI FHORTONF 

H 3.0 0.5 0.00018 

I Notes: 

DECAY A 
Line 10: INFILCHAR = 'H' INFGRID(IF) 

FHORTI(INFGRID(IF)) FHORTF(INFGRID(IF)) 
DECA(INFGRID(IF)) 
IF = 1 - number of Horton infiltration elements 

If I FIL = 0 in the CO T.DAT .file, omit this file. 
If I FMETHOD = 1 (Green-Ampt) add Line 2 thru 4, skip Line 5. Line 6 is optional. 
If INFMETHOD = 2 (SCS Curve) add Line 5, skip Lines 2 thru 4. Line 7 is optional. 
IfiNFMETHOD = 3 (Both Green-Ampt and SCS) add Lines 2 thru 5. Line 6 and 7 are optional. 
HI FMETHOD = 4 (Horton), add lines 9 and 10. 

*If I FCHAN = 1 add Line 4. Line 8 is optional. 
If SOILD = 0. Use Line 4 or 4a 
If SOILD > 0. use Line 4b 
Line 4a or 4b, use one line per reach . 
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C HAPTER 4 
INPUT FILES 

FILE: INFIL.DAT- CONT. 
INFILTRATION DATA 

INFIL.DAT File Example 

3 
0 0.7 1 0.4 10.0 1 
0.1 4.3 
R 0.03 0.2 5.0 
R 0.12 0.3 10.0 
99 0 
F 1730 1.01 4.3 0.3 0.0 0.0 8.5 
F 1730 1.01 4.3 0.3 0.0 0.0 10.0 
F 1730 1.01 4.3 0.3 0.0 0.0 9.2 
F. .. 

320 82.00 
s 321 82.00 
s 322 82.50 
S ... 
c 2 0.04 
c 10 0.04 
C... 

• 

• 

• 
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Variable Descriptions for the 

INFIL.DAT File 
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DATA INPUT 

(s) Switch (i) =Integer variable (r) =Real variable (c) = Character 

VARIABLE FMT RANGE DESCRIPTION 

ABSTR r 0- 1 Green Ampt global floodplain rainfall abstraction or intercep-
0-25 tion (inches or mm) (see comments 1 and 7). 

ABSTRINF(N) r 0- 1 Individual floodplain grid element rainfall abstraction (inches 
0-25 ormm) 

ABSTSCS r 0- 1 SCS global floodplain rainfall abstraction or interception 
0-25 (inches or mm). Assign ABSTRSCS = 0 for automatic com-

puration of the initial abstraction (see comments 7 and 10). 

DECA r 0.0007- Horton's equation spatially variable decay coefficient ( 1/ sec-

(INFGRID(IF)) 
0.00018 ond; no metric). (see comment 17) 

DECAY A r 0.0007- Horton's equation decay coefficient (1/second; no metric) . (see 
0.00018 comment 17) 

DTHETA(N) r 0.0- 1 The individual floodplain grid element soil moisture deficit 
0.0-0.5 (SATF-SATI) is expressed as a decimal with a range from 0.0 

to 1.0. It can also represent the individual floodplain grid 
element volumetric soil moisture deficit that is defined as 
the soil moisture deficit multiplied by the porosity (SATF-
SATI)*POROS with a practical range from 0.0 to 0.5 (see 
comment 11). Set POROS = 0 for the volumetric soil mois-
ture deficiency. 

DTHETAC(I) r 0.0- 1 The channel segment or reach soil moisture deficit (SATF-
0.0-0.5 SATI) is expressed as a decimal with a range from 0.0 to 1.0. It 

can also represent the channel reach volumetric soil moisture 
deficit that is defined as the soil moisture deficit multiplied 
by the porosity (SATF-SATI)*POROS with a practical range 
from 0.0 to 0.5 (see comment 11). Set POROS = 0 for the 
volumetric soil moisture deficiency. 

FHORTF r 0.5- 1.0 Horton's equation spatially variable floodplain final infiltration 
(INFGRID(IF)) rate ( inches/ hr; no metric). 

FHORTI r 3.0- 5.0 Horron's equation spatially variable floodplain initial infiltra-
(INFGRID(IF)) tion rate (inches/ hr, no metric). 

FHORTONF r 0.5- 1.0 Global Horton's equation final infiltration rate (inches/ hr; no 
metric) 
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C HAPTER 4 
INPUT FILES 

VARIABLE 

FHORTO 

HYDC(N) 

HYDCALL 

HYDCADJ 

HYDCH 

I 

HYDCHN(I) 

HYDCONCH(N) 

HYDCX(IC) 

HYDCXFINAL(IC) 

INFCH(N ) 

INFCHAN 

INFGRID(IF) 

FMT 

r 

r 

r 

r 

r 

r 

r 

r 

r 

i 

s 

i 

Variable Descriptions for the 

INFIL.DAT File 
(s) witch (i) = Integer variable (r) = Real variable (c) = Character 

RANGE DESCRIPTION 

3.0-5.0 Global Horton's equation initial infiltration rate (inches/hr; 
no metric) (see comment 13) 

0.01- 10 Average hydraulic conductivity of an individual floodplain grid 
0.25-250 element (inches/hr or mm/ hr) (see comments 2, 4 and 5) . 

0.01- 10 Average global floodplain hydraulic conductivity (inches/hr or 
0.25-250 mm/ hr). 

0.0 - 00 Hydraulic conductivity adjustment variable for spatially vari-
able hydraulic conductivity. 
IfHYDCADJ < 1.00 HYDCS(i) = 
HYDCS(i) + HYDCADJ 
If HYDCADJ > 1.00 HYDCS(i) = 
HYDCS(i) * HYDCADJ 

0.01- 10 Average global hydraulic conductivity for the entire channel 
0.25-250 (inches/hr or mm/ hr) (see comment 8). 

0.01- 10 Channel reach hydraulic conductivity channel (inches/hr or 
0.25-250 mm/hr) (see comment 8). 

0.01- 10 Hydraulic conductivity for a channel element (inches/hr or 
0.25-250 mm/ hr). 

0.01- 10 Initial hydraulic conductivity for a channel segment (inches/hr 
0.25-250 or nun/hr) (see comment 18). 

0.01-10 Final hydraulic conductivity for a channel segment (inches/hr 
0.25-250 or mm/ hr). 

1 - OD Array of channel elements with a unique hydraulic conductiv-
ity 

0 =off Set switch to 1 to simulate channel infiltration (see comment 
1 = on 6). 

1 - OD Array of floodplain grid elements wi rh individual infiltration 
parameters (see comment 3). 

• 

• 

• 
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Variable Descriptions for the 

INFIL.DAT File 

D ATA INPUT 

(s) Switch (i) = Integer variable (r) = Real variable (c) = Character 

VARIABLE FMT RANGE DESCRIPTION 

INFILCHAR(N) c F,S,C,R, 'F' for spatially variable floodplain Green-Ampt data (Line 6), 
I,H 'S' for floodplain spatially variable SCS curve number data 

(Line 7); 
'C' for channel spatially variable channel infiltration data, 

(Line 8). 

'R' for channel reach infiltration data (Line 4 and 4a); 

'I' for Horton global parameters (Line 9); 
'H' for Horton spatially variable floodplain parameters (Line 

10). 

INFMETHOD s 1,2,3or4 Set to 1 to simulate inliltration with the Green-Ampt method; 

Set to 2 to simulate inliltration with the SCS curve number 

method; 

Set to 3 for both; 

Set to 4 for Horton infiltration. 

POROS r 0.3-0.5 Global floodplain oil porosity. If using the volumetric soil 

moisture deficiency for DTHETA, set POROS = 0. 

RTIMPF(N) r 0.0- 1 Percent impervious floodplain area on a grid element. 

SATF r 0.5- 1 Global final saturation of the soil (in percent) for computing 

infiltration. 

SATI r 0.0-0.95 Global initial saturation of the soil (in percent). 

SCSNALL r l.- 100. Global floodplain SCS curve number for infiltration (see com-

ment 9). 

SCSN(N) r l.- 100. SCS curve numbers for spatially variable infiltration of the 

floodplain grid elements. 

SOIL_DEPTH(N) r 0.0- 100. Spatially variable Green-Ampt infiltration soil limiting depth 

storage (fi: or m). Maximum soil depth for infiltration on a 

grid element. See comment 12. 

SOIL_DEPTHCX(IC) r 0.0- 100. Maximum soil depth for the initial channel infiltration. When 

SOIL_DEPTHCX is exceeded, the exponential decay from 

the initial hydraulic conductivity to the final hydraulic conduc-

tivity begins. See comment 18. 
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C HAPTER 4 
INPUT FILES 

VARIABLE 

SOILD 

SOILS(N ) 

SOILALL 

FMT 

r 

r 

r 

Variable Descriptions for the 

INFIL.DAT File 
(s) witch (i) =Integer variable (r) = Real variable (c) = Character 

RANGE DESCRIPTION 

0.0 - 100. Global Green-Ampt infiltration soil limiting depth storage (ft 
or m). Maximw11 soil depth for infiltra tion. Set SOILD = 0 co 
have unlimited infiltration and do not assign spatially variable 
SOIL DEPTH(N ). 

1 - 20 Capillary suction head for floodplain grid elements (inches or 

25 - 500 mm). 

1 - 20 Average global floodplain capillary uction head (inches or 

25- 500 mm). 

• 



• Instructional Comments for the 

INFIL.DAT File 

1. The Green-Ampt infiltration parameters including hydraulic conductivity 
HYDC, initial abstraction ABSTR, initial saturation SATI, and soil capillary 
suction head SOILS, can be estimated from the tables in the FL0-2D Refer
ence Manual (Tables 3-6). Generally, the final SATF can be set at 100% and 
the porosity can be assumed to be 0.4. 

2. o infiltration is simulated if the sediment concentration by volume is greater 
than 10%. This precludes simulating iniiltration during mudflows. 

3. The individual floodplain grid elements with unique Green-Ampt infiltration 
parameters are specified in Line 6. Line 6 infiltration parameters supercede the 
values in Line 2. 

4. o infiltration is computed for the portion of the grid element removed from 
the potential flow surface with an Area Reduction Factor (ARF) . o infiltra
tion is computed for grid elements that are completely removed from the po
tential Aow surface (ARF = 1.0). Rainfall, however, is assumed to occur over 
the entire grid element even if the element is completely blocked out by setting 
ARF = 1. Increased runoff resulting from proposed development can be pre
dicted by using the ARF values to limit infiltration on a grid element. 

5. o infiltration is computed for street areas of a grid element. The street area is 
subtracted from the overland portion of the grid system. 

6. Channel infiltration is computed only if I FCHAN = 1. Generally channel 
infiltration is negligible for channels with perennial flow. The simulation of 
channel infiltration may be important for small flood events in ephemeral al
luvial fan channels with porous bed material. 

7. Precipitation abstraction is an initial loss of rainfall that precedes infiltration 
and excess rainfall runoff. Vegetation interception is a component of the initial 
loss. Abstraction values will generally range from 0.01 to 0.5 inches. In addi
tion, FL0-2D does not initiate any flood routing until the depression storage 
TOL is filled . The TOL value is specified in TOLER.DAT file. Abstraction is 
often assumed to include depression storage, but in FL0-2D a value of 0.1 ft 
is generally assumed for TOL. This TOL depression storage should be consid
ered when estimating the abstraction. 

8. Use HYDCX(IC) and all other parameters on Line 4 to specify channel infiltra
tion data by reach. Use line 8 HYDCO parameter to specify spatially vari
able hydraulic conductivity in the channel grid elements that will supersede the 
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9. 

10. 

HYDCX(IC) value in Line 4. It is not necessary to specify individual channel 
element soil suction, initial or final saturation values when assigning channel 
infiltration. If SOILD is = 0, use Line 4, where IC is the number of channel 
segments or reaches each entered on a new line. If SOILD is greater than 0, 
use line 4a where IC is the number of segments or reaches. 

If you simulate infiltration "vith the CS curve number method (INFMETHOD 
= 2), it is assumed that the channel infiltration is negligible. You can only simu
late channel infiltration \vith the Green-Ampt method. 

If you simulate infiltration with the SCS curve number method (I FMETHOD 
= 2), assign the AB TRSCS variable in Line 5 to the abstraction (inches or 
mm). If ABSTR C = 0.0, the abstraction value is automatically computed 
using the CS method. 

11. The infiltration parameters can be estimated from the tables in the Reference 
Manual. The user must distinguish whether soil moisture deficit parameter 
DTHETA will represent the volumetric soil moi ture deficit (soil moisture def
icit times the porosity) as prescribed from a drainage manual or if DTHETA 
will be defined as just the soil moisture deficit (S TF- A TI). If the volumetric 
soil moisture deficit (S TF-SATI)*POROS is being applied, set POROS = 
0.0 and assign a DTHETA value in the range from 0.0 to 0.5. If the only soil 

• 

moisture deficit is being u ed, then assign a typical porosity (POROS) in the • 
range: 0.35 to 0.45. 

12. The Green-Ampt infiltration will cease when the wetting front reaches the lim
iting soil depth either OILD, OIL_DEPTH or SOIL_DEPTHCX for the 
channel. 

13. It is not necessary to specify the soil suction, initial or final saturation values 
when simulating channel infiltration. These values are a sumed not to be im
portant to the channel bed or bank infiltration. 

14. If you simulate infiltration with the SCS curve number method FMETHOD 
= 2), it is assumed that the channel infiltration is negligible. You can only simu
late channel infiltration with the Green-Ampt method. 

15. If you simulate infiltration "vith the SC curve number method (I FMETHOD 
= 2), assign the AB TRSCS variable in Line 5 to the abstraction (inches or 
mm). If ABSTRSC = 0.0, the abstraction value is automatically computed 
using the SC method. 

16. The infiltration parameters can be estimated from the tables in the Reference 
ianual. The user must distinguish whether soil moisture deficit parameter 

DTH TA will represent the volumetric soil moisture deficit (soil moisture def
icit times the porosity) as prescribed from a drainage manual or if DTHETA 
will be defined as just the soil moisture deficit (SATF-SATI). If the volumetric • 



• soil moisture deficit (SATF-SATI)*POROS is being applied, set POROS = 
0.0 and assign a DTHETA value in the range from 0.0 to 0.5. If the only soil 
moisture deficit is being used, then assign a typical porosity (POROS) in the 
range: 0.35 to 0.45. 

17. Horton's infiltration model is defined by the equation: 

Where: 

f =infiltration rate at simulation time t from start of the rainfall 

~ = initial infiltration rate (in/hr) 

£;, = final infiltration rate (in/ hr) 

a = decay coefficient (1 /sec) 

t = time from start of rainfall (sec) 

There are no metric equivalent values. This method is based on the RCS 
hydrologic groups in English Units. 

18. As the channel infiltration storage fills, the infiltration rate declines but does 
not cease. The decay of the hydraulic conductivity H, from the initially as
signed hydraulic conductivity Hi to a final saturated hydraulic conductivity Hris 
based on the following equation: 

where: 

H = Hr+ (H.- H ) e -at 
C I f. 

a = decay coefficient hardwired to 0.00002, selected to have 

the decay from the initial to the final hydraulic conductiv

ity over a 72 hr period with the decay to half the original 

hydraulic conductivity in 12 hours. 

t = tin1e (seconds) from when the wetting front reaches the 

limiting soild depth 
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___ 7_4. 
FILE: EVAPOR.DAT 
EVAPORATION DATA 

5 1 0.00 
january 2 
0.0071 
0.0086 
0.0051 

I Notes: 

EVAPOR.DAT File Variables 

Line 1: IEVAPMONTH IDAY CLOCKTIME 
Line 2: EMONTH(I) EVAP(I) I= 1- 12 
Line 3: EV APER(I, J) I= 1, 12 Months, J = 1,24 Hours 
Line 3: EV APER(I, D I= 1, 12 Months, J = 1,24 Hours 

Line 3: EV APER(I, J) I = 1, 12 Months, J = 1,24 Hours 

If IEVAP = 0 in the CO T.DAT file, omit this file. 
Line 3: Repeat 24 times for every Line 2. 

D ATA INPUT 

An example of d1e EVAPOR.DAT file .is available .in the FL0-2D Example Project subdirectory based 
on available data for the Rio Grande. 

5 1 0.00 
january 2.00 

0.0071 
0.0086 
0.0051 
0.0065 
0.0038 
0.0040 
0.0055 
0.0090 
0.0285 
0.0556 
0.0799 
0.0975 
0.1154 

EVAPOR.DAT File Example 

• 



• 

• 

• 
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FILE: CHAN.DAT 
CHANNEL DATA 

CHAN.DAT File Example 

0.00 0.60 0.40 
R 3170 4433.00 4433.00 0.032 40.00 9.30 520.00 
R 311 8 4431.00 4431.00 0.032 20.00 9.50 510.00 
R 3066 4430.30 4430.30 0.032 35.00 11.00 500.00 
R 3013 4430.00 4430.00 0.032 35.00 12.70 500.00 
R ... 

0.00 0. 70 0.20 
v 4560 4675.19 4675.19 0.060 10.59 550.00 36.774 1.630 63.369 0.491 63.261 0.486 0.00 
v 4385 4673.1 0 4673.10 0.050 11.00 620.00 30.774 1.630 63.369 0.491 63.261 0.486 0.00 
v 4212 4672.86 4672.86 0.040 13.56 560.00 24.439 1.905 53.016 0.749 42.886 0.745 0.00 
v 4213 4672.46 4672.46 0.040 16.16 550.00 22.200 1.807 31.248 0.696 31.235 0.688 0.00 
v ... 

0.00 0.60 0.40 
T 7170 4423.00 4423.00 0.032 40.00 9.30 520.00 1.60 1.90 
T 711 8 4421.00 4421.00 0.032 20.00 9.50 510.00 2.60 2.70 
T 7066 4420.30 4420.30 0.032 35.00 11.00 500.00 1.60 1.20 
T 7013 4420.00 4420.00 0.032 35.00 12.70 500.00 1.60 1.20 
T ... 
-1 .00 0.60 0.20 5 

7432 0.060 450.00 1 
7389 0.059 450.00 2 
7344 0.050 590.00 3 
7298 0.060 590.00 4 
7299 0.060 590.00 5 
... 

7432 4432.00 
7160 4427.00 
c 3669 3825 
c 6296 6377 
c ... 
E 7346 
E 7345 
E 7344 
E 7343 
E ... 



Variable Descriptions for the 

CHAN.DAT File 

____ 7_8_. 
D ATA INPUT 

(s) Switch (i) = Integer variable (r) = Real variable (c) = Character 

VARIABLE FMT RANGE DESCRIPTION 

A1(I) r 0.0- 00 Array of coefficients for the variable area regression relation-
ships (see comment 5). 

2(I) r 0.0- 00 Array of exponents for the variable area regre sion relation-
ships (see comment 5). 

11 (I) r 0.0- 00 Array of coefficients for the variable area regression relation-
ships for flow depth above EXCDE P(I) (see comment 5). 

A22(I) r 0.0- 00 Array of exponents for the variable area regression relation-
ships for flow depth above EXCDEP(I) (see comment 5). 

B1(I) r 0.0- 00 Array of coefficients for the variable wetted perimeter rela-
tionships (see comment 5). 

B2(I) r 0.0 - 00 Array of exponents for the variable wetted perimeter rela-
tionships (see comment 5). 

Bll (I) r 0.0- 00 Array of coefficients for the variable wetted perimeter rela- • tionships for flow above EXCDEP(I) (see comment 5). 

B22(I) r 0.0- 00 Array of exponents for the variable wetted perimeter rela-
tionships for flow above EXCD P(I) (see comment 5). 

B KELR(I) r 0.01- 00 Right bank elevation looking downstream (see comment 12). 

B KELL(I) r 0.01- 00 Left bank elevation looking downstream (see comment 12). 

Cl(I) r 0.0 - 00 Array of coefficients for the variable top width relationships 
(see comment 5). 

C2(I) r 0.0- 00 Array of exponents for the variable top width relationship 
(see comment 5). 

Cll (I) r 0.0- 00 Array of coefficients for the variable top width relationships 
for flow depth above EXCDEP(I) (see comment 5). 

C22(I) r 0.0- 00 Array of exponents for d1e variable top width relationships 
for flow depd1 above EXCDEP(I) (see comment 5). 

CHAN CHAR c F, E Character line identifier for ICO FLO 'C' and OEX-
CHANGE' ' channel elements. 

ICO FL010) j 1 - OD Tributary channel element at the confluence. See comment 
8. 

ICO FL020) j 1 - JQD Main channel element at the confluence. 
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VARIABLE 

D EPINITIAL(K) 

EXCD EP(I) 

FC (I) 

FCD(I) 

FCW(I) 

FROUD C(K) 

ICHANGRID(l) 

IE D 

FMT 

r 

r 

r 

r 

r 

r 

i 

i 

Variable Descriptions for the 

CHAN.DAT File 
(s) Switch (i) =Integer variable (r) = Real variable (c) =Character 

RANGE DESCRIPTION 

0.0- 00 Set D EPI ITIAL(K) to the initial flow depth for the all 

or channel elements in the given channel segment. 
-1 

Set DEPI ITIAL = 0. for no initial channel flow depth. 

If DEPiNITIAL is to be used to specify an initial water sur-
face, set D EPINITIAL = -1 and include Line 3 (see com-
ment 2). 

Array of channel depths above which a second variable area 
relationship will apply (see comment 4). If only one channel 
geometry relationship is used, set EXCD EP(I) = 0. 

0.01-0.25 Average Manning's n roughness coefficient for the portion 
of the channel in the grid element ICHANGRID (see com-
ment 6). 

.01- 1000 Thalweg channel depth (ft or m) for the portion of channel 
within the grid element. The thalweg depth is the deepest 
part of the channel measured from the lowest top of bank 
(see comment 1). 

0.1- 00 Set FCW(I) =channel width for rectangular channeL 

Set FCW(I) = width of channel base for trapezoidal chan-
nel. 

0.0-5 Maximum Froude number for channel flow. If the Froude 
number exceeds FROUD C, the Manning's n roughness value 
is increased by 0.001. Set FROUD C = 0 for no adjustments 
of the n-value in a given reach. The increased n-values are 
reported in the ROUGH.OUT and CHAN.RGH files (see 
comment 7) . 

1 - OD Grid element containing a channel length (see comments 3, 11, 
14 and 20) 

1 - NOD Last channel element for which a starring water surface el-
evation is specified. 



_ _ _ s_o e 
Variable D escriptions for the 

CHAN.DAT File 

D ATA INPUT 

(s) Switch (i) = Integer variable (r) = Real variable (c) = Character 

VARIABLE FMT RANGE DESCRIPTION 

I ED (K) i 0- 10 Sediment transport equation or data group for routing by 
size fractions for the channel segment. et ISED = 1 in the 
co T.DAT file to use this option. Choose one of the two 
following options for each channel segment: 

For sediment routing without size fractions: Set ISED (K) 
= 1 - 7 (one of seven sediment transport equations). 

or 

For sediment routing with size fractions: Set ISED (K) = 
sediment data group (Line 3 in ED.DAT which includes a 
sediment transport equation) . 

ISTART i 1 - OD First channel element for which a starting water surface el-
evation .is specified. 

OEXCHANGE i 1 -I OD Channel element that does not exchange flow with the flood-
plain (see comment 19). 

NXSEC I (1) i 1 urveyed cross section number assigned in the XSEC.DAT file that will rep-
to resent the specific channel element This variable is used only for the cross 
ODC section data option (see comments 14 and 18). Set NXSEC UM = 0, if 

there is no cross section data for the channel element (1). The cross section 
data will be interpolated and assigned in the PROFIL " program. 

ROUGHADJ r 0.00- 1.2 A coefficient used in the depth adjustment of the Manning's n-value (see 
comment 17). 

HAPE c R, V, TorN Character line identifier (see comments 4 and 16); 

HAPE = 'R', rectangular channel geometry (width and depth data). 
HAPE = 'V', variable area channel geometry (power relationships). 
HAPE = T, trapezoidal channel (bottom \\~dth, depth and slopes data). 

SHAPE= 'N', channel cross sections (cross section survey data);. 

W ELE D r 0-30,000 Ending water surface elevation for the channel element IE D (ft or m). 

0-9,000 

W ELSTART r 0-30,000 tarring water surface elevation for the channel element ISTART (ft or m). 

0-9,000 

• 
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VARIABLE 

XLE (1) 

ZL(l) 

ZR(l) 

FMT 

r 

r 

r 

Variable Descriptions for the 

CHAN.DAT File 
(s) Switch (i) =Integer variable (r) = Real variable (c) =Character 

RANGE DESCRIPTION 

0.01- 00 Array of channel length contained within the grid element ICHANGRID 
(ft). If more than one channel exists in a given grid element, assign XLE (1) 
equal to the average representative flow length in one direction (see com-
ments 9, 10, 13 and 15). 

0.01 - 100 ZL(l) is the left side slope of the trapezoidal channel. 

0.01 - 100 ZR(l) is the right side slope of the trapezoidal channel. 



Instructional Comments for the 

CHAN.DAT File 

1. The channel bottom ele ation is calculated by the model based on the input 
channel depth and the floodplain or bank elevation. 

2. When D EPI ITIAL > 0, an initial depth is specified for all the elements in 
that channel segment. Setting DEP ITIAL = -1 will assign starting and end
ing water surface elevations (WSELSTART and WSELE D , Line 3) for a 
channel segment beginning with channel element I TART and ending with 
channel element I D . Only one starting and ending water surface is allowed 
per channel segment. The water surface elevations are computed for the chan
nel elements between the I TART and IE D elements based on the interpola
tions of the channel length and the specified water surface elevations. 

3. 

4. 

Dividing the channel into segments may simplify reviewing the results. r
gaoize the CHAN.DAT from upstream to downstream. The order of the grid 
element numbers in the file is not important (e.g. upstream channel element 
446 can precede downstream channel element 31). The channel grid elements 
must be contiguous in each segment. 

If channel geometry is being simulated with regres ion relationships (SHAPE 
= CV'), then the area versus depth power relationships must be specified: 

Where: 
A = Area of the channel 
d = D epth to thalweg 
a= Coefficient 
b =Exponent 

Similar relationships are required for wetted perimeter and top width. There 
is a limit of t\vo channel geometry relationships per channel element. A sec
ond geomeuy relation hip may be u efuJ if there is a significant change in the 
cross section (e.g. an island). If t\vo power relationships are used to represent 
a natural cross section, then the maximum depth (EXCDEP) to which the first 
relationship applies must be specified. 

The second regression applies when the Aow depth is greater than EXCD P, 
but does not include the lower flow area. The wo variable area cross section 
relationships are unique and separate. The total cross section flow area is the 
sum of the lower flow and upper (second relationship) Row areas. The channel 
top width is computed direcdy from the second relationship. The area, wet
ted perin1eter and top width are evaluated using the upper flow depth given 

___ 8_2. 
D ATA INPUT 

• 



._83 __ 

• 

C HAPTER 4 
INPUT FILES 

by total depth - EXCDEP. To analyze the upper channel geometry using the 
XSEC program, only the cross section coordinates above the EXCDEP depth 
are used. 

These channel geometry relationships apply only to flow depths that are less 
than the channel depth Qower than the top of bank). \'V'hen the flow depth 
exceeds the top of bank, then the channel geometry above bank is evaluated as 
a rectangle. Abrupt transitions between contiguous channel elements should 
be avoided unless they actually exist 

5. A preprocessor program XSEC is available in the FL0-2D subdirectory to 
determine the regression coefficient and exponents (Al, A2, A1 1, A22, Bl , B2, 
B11, B22, B2, C1,C1 1, C22) in Line 2b. 

6. A cross section width can exceed the width of the grid element. For example, 
a charLnel cross section that is 1,000 ft wide can be used in a 200ft grid system. 
The model automatically determines the number of grid elements required by a 
channel cross section. If the cross section width exceeds 95% of the combined 
bank elements width or if there is less than 5% floodplain surface area left in 
the grid element after removing the charLnel surface area, the channel will ex
tend the right bank over another grid element looking downstream. 

7 . Set the channel roughness to a reasonable n-value and then set the FROUDC 
variable to an appropriate value (e.g. 0.95 to ensure subcritical flow). FL0-2D 
will adjust the roughness values according to the limiting Froude number cri
teria (see the ROUGH.OUT file). Changes to the channel n-values may be ac
cepted by replacing the CHAN.DAT file with the CHAN.RGH file. Just delete 
the original CHAN.D AT file and rename the CHA .RGH to CHAN.DAT. 

8. Channel confluence pairs (elements) replace OFLOCs from previous ver
sions. The confluence can be made by the tributary joinging either side of the 
main channel. List the tributary first and the main channel second in Line C. 

9. Use the PROFILES program to review the channel slope and adjust the bed 
elevations to create a more uniform average channel reach slope. The PRO
FILES program can interpolate cross sections and slope for surveyed cross 
sections. 

10. The key to channel routing is to balance the relationship between the slope, 
flow area and roughness. Channel routing is more stable if the natural cross 
section routing routine is used (SHAPE = . \'V'hen one cross section is as
signed to several grid elements it will be necessary to interpolate both the slope 
and the cross section geometry in the PROFILES program to create a smooth 
average charLnel slope. Review the PROFILES program instructions for cross 
section and channel bed slope interpolation. If there is more than one cross 
section per channel element, use the one that has the greatest hydraulic control 
to represent the channel. 



11. At a channel confluence, the next downstream channel element bed eleva
tion must be lower than the confluence bed elevation creating a positive slope 
downstream of the confluence. 

12. If different bank elevations are assigned, the model automatically extends the 
channel into separate grid elements, one grid element containing each banJc 
The model may be required to do this anyway because the channel is wider 
than the grid element. 

13. The first two channel elements in a segment should have a positive slope in the 
downstream direction. This is important for inflow channel elements. There 
should also be a positive slope into the channel outflow nodes. Thi.s will en
hance numerical stability around the inflow and outflow nodes. 

14. If you delete a channel element, you must remove the cross section for that 
channel element from the XSEC.DAT file. If cross sections are mixed with 
other channel geometry, the cross section elements should be grouped into 
segments to identify the reaches with similar channel geometry. 

15. Eliminate channel elements that have a XLEr less than 50% of the ID E (grid 
element width). This can be accomplished by connecting the channel elements 
across the diagonal and eliminating the middle channel element. 

16. For channel A.ow, adjust the full dynamic wave WAVEMAX in the TOLER. 
DATto achieve munerical stabilit:). 

17. To improve the timing of the floodwave progression through the system, a 
depth variable roughness can be assigned on a reach basis. The basic equation 
for the channel element roughness nd as function of flow depth is: 

nd = f\ a e-(b dcpth/ dmax) 

where: 

nb = bankfull discharge roughness 
depth = flow depth 
dmax = bankfull Bow depth 
a= 1/e-b 
b = roughness adjustment coefficient prescribed by the user (0 to 1.2) 

This equation prescribes that the variable depth channel roughness is equal to 
the roughness at bankfull discharge. If the user assigns a value (from 0 to 1.2) 
to the roughness adjustment coefficient b for a given reach, the roughness will 

increase with a decrease in Bow depth. The higher the coefficient b, the greater 
the increase in roughness. This roughness adjustment will slow the progres
sion of the Boodwave by increasing the roughness for less than bankfull dis
charge. The plane bed roughness set for bankfull discharge will not be affected. 
For example, if the depth is 20% of the bankfull discharge and the roughness 
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C HAPTER 4 adjustment coefficient b is set to 0.44, the hydraulic roughness Manning's n-
INPUT FILES value will be 1.4 times the roughness prescribed for bankfull flow. Assigning a 

ROUGHADJ value may reduce high Froude numbers. 

18. Instructions for creating the cross section channel geometry data files. The 
FPLAI .DAT, CADPTS.DAT, CO T.DAT and TOLER.DAT should be 
completed first. 

a. Create the XSEC.DAT file as prescribed in the next data file format de
scription . 

b. Create the CHAN .DAT file. Assign the left bank by creating the channel 
segment using Create Channel Segment tool in the GDS. Then use the 
GDS to assign the right bank element. The GDS will automatically create 
the CHANBANK.DAT file containing the bank elements. 

c. Assign the cross section numbers (NXSEC UM in XSEC.DA T) to the 
channel elements in CHA .D AT that corresponds to the cross section 
location . Assign XSEC UM = 0 for the rest of the channel elements. If 
there are 100 channel elements and 30 surveyed cross sections in the XSEC. 
DAT file, there will be 30 XSEC UM values (ranging from 1 to 30) in 
the CHAN.DAT file. The rest ofNXSEC UM values will be zero . 

d. Once the CHA .DAT and XSEC.DAT files are completed, the next step 
is to create and assign a unique cross section for each channel element. Run 
the PROFILES Interpolation Routine from the GD S. PROFILES will au
tomatically locate the surveyed cross section data and interpolate the cross 
section geometry and elevation (thalweg slope) to all channel elements be
tween all the surveyed cross sections with the segment. ow each channel 
element will have its own assigned cross section. By zooming-in on a local 
reach and clicking on menu command 'View /Edit Xsection D ata' and then 
clicking on the XSEC button in the dialog box, the individual cross section 
plots and the data for editing will be displayed. 

e. After the original interpolation, you can further edit and interpolate the 
channel cross section data in PROFILES. When the initial interpolation 
was completed, the original cross sections were renamed with a prefix 'X-' 
before each cross section name. Either the slope or the combined slope 
and cross section geometry can be re-interpolated. Simply enter the number 
of the two channel elements with the upstream and downstream channel 
element numbers in the dialog box and click the appropriate interpolation 
button. New cross sections will be interpolated for all the channel elements 
between the two surveyed cross sections (exclusive) . This is a flow area 
weighted interpolation of the cross section shape. The results will be an 
individually modified cross section for each channel grid element and the 



channel profile will have a new linear slope between the two selected chan
nel elements. 

f. If there .is a need to delete or add a channel element to a natural channel 
segment, the corresponding cross section must also be removed or created. 
This action should be done using a text eclitor such as WordPad0 , TextPad 
or UltraEclit0 . To add a new channel element, simply copy the line above 
the location of the new element and paste .it into a place holder for the new 
element. Then set the variable ICHANGRID(I) to the desired grid element 
number. If necessary alter the channel defining variables but do not alter 

X EC M. ext, perform a similar procedure for the new cross sec-
tion. Copy the cross section above the desired location of the new cross 
section. There should be no need to rename the cross section and do not 
alter X EC U . Save and close the data files and open the project in 
PROFILE . ave the project in PROFILE to renumber the new chan
nel element and its corresponding cross section. Then you can interpolate 
between the channel elements that border the new element and create a 
positive slope. You must follow the san1e procedure .in PROFILES when 
you delete a channel element and cross section. 

19. Channel elements representing a closed conduit or culvert that cannot share 
clischarge with the floodplain can be simulated by assigning those elements as 

OEXCHANGE'. 

20. Surveyed water surfaces can be automatically compared with the preclicted wa
ter surface by creating a \ TIME.D T file. This file contains a list of the 
channel element, water surface elevation and time. Create this file to calibrate 
the model to known water surface elevation data. The time of the surveyed 
water surface elevation mu t corre pond to the model flood routing timing. 
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FILE: CHANBANK.DA T 
CHANNEL BANK DATA 

D ATA INPUT 

CHANBANI<.DAT File Variables 

26 99 Line 1: LEFTBANK(K) RIGHTBANK (K) K = 1, number of channel elements 

otes: 
If ICHAN EL = 0 in the CO T.DAT file, omit this file. 
Line 1: If a channel element width is contained within one grid element and no individual bank ele
ments are assigned then RIGHTBANK(K) is set to zero. 

26 99 
39 136 
54 156 
71 176 
90 196 
109 216 
127 236 
147 256 
167 276 
187 315 
207 336 
226 356 
247 377 
267 398 
286 418 
307 439 
327 460 
348 481 
369 502 

CHANBANI<.DAT File Example 



88 

C HAPTER 4 
INPUT FILES 

VARIABLE 

LEFfB K 

RIGHTB K 

Variable D escriptions for the 

CHANBANIZ.DAT File 
(s) witch Q) = Integer variable (r) = Real variable (c) = Character 

FMT RANGE DESCRIPTION 

1 -

1 -

O D Left bank channel grid element. ssigned in CHAN.DAT as 
the ICHANGRID variable (Review the Instructional Com
ments). 

O D Right bank channel grid element corresponding the LEFr-
B I element. 

Instructional Comments for the 

CHANBANI<.DAT File 

1. The RIGHTB K element is automatically assigned in the GD S. You can 
make adjustments to the right bank channel element if the channel is too wide 
or narrow by simply reassigning the right bank element in the G D S. 

2. The procedure for assigning the right bank element is to first select the left 
bank element in the GDS, open the channel segment editor box and then as
sign the right bank element. The GDS will automatically check the channel 
width to determine if the channel bank assignments are appropriate and will 
report and required modifications in the E RROR.CHK file . 

3. Channel right bank assignments are not required if the channel cross section 
will fit in one grid element and no bank elevations are assigned in CHA 
DT. 

• 

• 

• 



• 

• 

I I. 



• 

• 
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FILE: XSEC.DAT 
CROSS SECTION DATA 

XSEC.DAT File Variables 

X 1 X-CI-27.1 Line 1: XSE CCHAR = 'X' NXSECUM(I) 

----·---

89 

D ATA INPUT 

XSECNAME(I) 1=1 
25.0 5234.90 Line 2: XI(I,J) YI(I,J) I= 1 Cross Sections ]=1 Station Elevation pairs 

30.0 5231.53 Line 2: XI(I,J) YI(I,J) I= 1 Cross Sections ]=2 Station Elevation pairs 

35.0 5230.20 Line 2: XI(I,J) YI(I,J) I= 1 Cross Sections ]=3 Station Elevation pairs 

otes: 
If ICHAN EL = 0 in the CO T.DAT file, omit this file. 
Set SHAPE = ' (line 2d) in the CHA .DAT file to use this file. 
Line 1: This line is repeated for each cross section. 
Line 2: This line is repeated for the Station, Elevation pairs . 

XSEC.DAT File Example 

X 1 X-CI-27.1 
0.0 5235.07 

10.0 5235.17 
25.0 5235.31 
30.0 5231.84 

... . .. 
288.0 5236.01 
294.0 5236.51 
313.0 5237.00 

X 2 CI-27.1 
25.0 5234.90 
30.0 5231.53 
35.0 5230.20 
40.0 5228.50 
45.0 5227.20 
50.0 5224.35 
55.0 5224.73 
60.0 5226.85 
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C HAPTER 4 
INPUT FILES 

VARIABLE 

XSEC UM(l) 

XI OJ) 

X ECHAR 

X EC AME(l) 

YIOJ) 

FMT 

i 

r 

c 

c 

r 

Variable D escriptions for the 

XSEC.DAT File 
(s) witch (i) = Integer variable (r) = Real variable (c) = Character 

RANGE DESCRIPTIO 

1 Cross section number starting with 1 and ending with the last smveyed cross 

to section. This number will be assigned to the channel element NX EC 

NNODC in CHAN.DAT. ee comment 1. 

0.0 - 00 Array of cross section station di tances from the left end point (ft or m). The 
value of XI can be either positive or negative. 

X Character 'X' (case sensitive) that identilies Line 1. 

Alpha Cross section name Qe s than 10 characters, not case sensitive). This name is 

Numeric for cross section ID purposes only, it is not used b)1 the model. 

0-30,000 Arrar of cross section elevations (ft or m) at each station. The value of YI 
0-9,000 can either positive or negative indicating elevations below sea level. 

Instructional Comments for the 

XSEC.DAT File 

1. The 7 SECJ\TUM in X EC.DAT and CHAN .DAT must match and be listed in order from 1 to 
l number of natural channel elements. The natural channel elements in the CHAN.DAT @e must 

statt at 1 and continue in seguence to ODC from the top of the @e to the end. 

• 

• 

• 



I 
I 

• 

• 
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FILE: HYSTRUC.DAT 
HYDRAULIC STRUCTURE DATA 

D ATA INPUT 

HYSTRUC.DAT File Variables 

Line 1: STRUCHAR = 'S' STRUCTN AME IFPORCHAN(I) ICURVTABLE(I) 
INFLONOD(I) OUTFLONOD(I) INOUTCONT(I) HEADREFEL(I) 
CLENGTH(I) CDIAMETER(I) I = number if structures 

S Patagonia 1 0 1713 1827 0 4425.23 0.0 0.0 

Line 2: STRUCHAR = 'C' HDEPEXC(IJ) COEFQ(I,J) EXPQ(I,J) COEFA(I,J) 
EXP A(I,J) I = number of structures, J = number of curves 

c 20.0 3.543 0.890 

Line 3: STRUCHAR = 'R' REPDEP(I,J) RQCOEFQ(I,J) RQEXP(I,J) 
RACOEF(I,J) RAEXP(I,J) I= number if structures, J =number if curves 

R 12.0 0.00 1.0 

T 0 0 

Line 4: STRUCHAR = 'T' HDEPTH(I,J) QTABLE(I,J) ATABLE(I,J) 
I = number of structures, J = number of datasets in table 

Line 5: STRUCHAR = 'F' TYPEC(I) TYPEEN(I) CULVERTN(I) KE(I) 
CUBASE(I) I= number of structures, Set ICURVTABLE = 2 in Line 1. 

F 1 2 0.040 0.1 0.0 

Line 6: STRUCHAR = 'D' ISTORMDOUT(I), STORMDMAXQ(I), 
I = number of drain structures. 

D 4 15 

I Notes: 

If IHYDRSTRUCT = 0 in the CO T.DAT file, omit this file. 
Line 2: Include this line for rating curve. Repeat this line for each rating curve. 
Line 1, 2: If CLE GTH(I) = 0, ignore COEFA(I,J) AND EXPA(I,J) 
Line 3: If a replacement rating curve is required, include this line. 
Line 1, 3: If CLE GTH(I) = 0, ignore RACOEF(I,J) and RAEXP(I,J). 
Line 5: If TYPEC(I) = 2 (round pipe), CUBASE(I) = 0, 
Line 4: If a rating table is used, include this line. Repeat for each depth and Bowrate pair. 
Line 1, 4: If CLE GTH(I) = 0, ignore ATABLE(I,J) . 
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C HAPTER 4 
INPUT FILES 

FILE: HYSTRUC.DAT 
HYDRAULIC STRUCTURE DATA 

HYSTRUC.DAT File Example 

S BcidgeA 1 0 1713 182 0 4425.23 0.0 0.0 
c 20.0 3.543 0.890 
S BcidgeB 0 0 2503 2 25 1 0.0 0.0 0.0 
c 5.0 25.023 1.035 
c 10.0 30.00 1.4 
R 12.0 0.00 1.0 
S Wier 1 1 1856 1945 0 4421.18 0.0 0.0 
T 0.0 0.0 
T 5.0 250.0 
T 8.0 5500.0 
T 10.0 1000.0 
T 12.5 1500.0 
T 15.0 2500.0 
T 1 .0 3000.0 

CulvertA 1 2 441 4562 0 0.0 100. 90. 
F 1 2 0.004 0.1 0.0 

• 

• 

• 



• 

• 

• 

Variable Descriptions for the 

HYSTRUC.DAT File 
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D ATA INPUT 

(s) Switch (i) = Integer variable (r) = Real variable (c) = Character 

VARIABLE FMT RANGE DESCRIPTION 

A TABLE (IJ) r 0.01- 00 This variable will replace QTABLE(IJ) when CLENGTH(IJ) > 1 and the 
long culvert routine is used. It is an array of hydraulic structure flow areas 
for the headwater depths in the rating table (clischarge). 

COEFA(IJ) r 0- 00 This variable will replace COEFQ(IJ) when CLE GTH(IJ) > 1 and the 
long culvert routine is used. It is an array of hydraulic structure flow area rat-
ing curve coefficients where the flow :~rea A is expressed as a power function 
of the headwater depth. A= COEFA(IJ) * depthEXPA(lJl . See comment 7. 

COEFQ(IJ) r 0- 00 Array of hydraulic structure discharge rating curve coefficients where the 
discharge is expressed as a power function of the headwater depth. Q = 
COEFQ(IJ) * depthE'\1'Q(lJl (see comment 1). If COEFQ(IJ) = 0, then the 
discharge is computed as normal depth flow routing. 

CDIAMETER(IJ) r 0.1- 00 Circular culvert diameter (ft or m). For the generalized box culvert equa-
tions CDIA1\1ETER is the circular culvert diameter or the box culvert 
height. Also use CDIA1\1ETER when a routing flow through a long culvert 
between two non-contiguous grid elements. See comment 13 

CLE GTH(IJ) r 50.0- 00 Culvert or conduit length (ft or m). This parameter is used when a long 
15.0 -00 culvert or conduit is simulated between two non-contiguous grid elements. 

CLENGTH must be assigned a value greater than 1 to initiate the long cul-
vert routine. 

CUBASE(I) r 0- 00 Flow width of box culvert for TYPEC(I) = 1. For a circular 
culvert, CUBASE = 0. 

CULVERTN(I) r 0.012- 0.25 Culvert Manning's roughness coefficient. D efault = 0.03. 

EXPA(IJ) r 0- 00 This variable will replace EXPQ(IJ) when CLE GTH(IJ) > 1 and the long 
culve1t routine is used. It is an array of hydraulic structure flow area expo-
nents where the flow area is expressed as a power function of the headwater 
depth. 

EXPQ(IJ) r 0- 00 Array of hydraulic structure discharge exponents where the discharge is ex-
pressed as a power function of the headwater depd1. 

HDEPEXC (IJ) r . 01 - 1000 Ma-ximwn depth that a hydraulic structure rating curve is valid (ft or m) . 
0.25- 300 

HDEPTH(IJ) r .01 - 1000 Array of headwater depths for the structure headwater depth-clischarge rat-
0.25- 300 ing mble (ft or m). See comments 2 and 4 . 
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VARIABLE 

HEADREFEL(l) 

ICURVT ABLE (I) 

IFPORC (1) 

FLO OD(l) 

IOUTCO T(IJ) 

I TORMDOUT(I) 

I (I) 

FMT 

r 

s 

s 

i 

s 

i 

r 

Variable D escriptions for the 

HYSTRUC.DAT File 
(s) witch (i) =Integer variable (r) =Real variable (c) = Character 

RANGE DESCRIPTION 

.01- 30,000 Reference elevation above which the headwater depth i determined for 
.25- 9,000 either the di charge rating curve or rating table. Set HEADREFEL(l) = 

0.0 to u e the existing channel bed or floodplain elevation for the reference 
elevation to compute the headwater depth (ft or m). 

0 =curve etiCURVTABLE(l) = 0 fora structure rating curve. etiC RVTABLE(l) 
1 = table = 1 for a trucrure rating t1ble. Assign ICUL VT ABLE(l) 2 to use the cui-

vert equations. See comment 6. 

0, 1 or 2 Set IFPORCHAN(l) = 0 for a floodplain structure (shares discharge be-
tween two floodplain elements). 

Set IFPORCHAN(l) = 1 for a channel hydraulic structure (shares discharge 
between to channel elements). 

Set IFPORCJ-W (1) = 2 for a floodplain to charuiel structure (shares dis-
charge between a floodplain element {inflow} and channel structure {out-
flow}). See comment 8. 

1 - Grid element containing the hydraulic structure or structure inlet 
OD 

0 =inlet Set INO TCO T(IJ) = 0 to compute the discharge based on the head-

1 =revised 
water depth above the appropriate floodplain or channel bed elevation (or 
reference elevation if assigned). o revised rating table, but suggested revi-

2 = outlet 
sions in REVI ED _RATING_TABLE.OUT. This can be used for pumps. 

/revised 
o tail water. 

Set INOUTCO T(IJ) = 1 revised rating table, no tailwater, no upstream 
flow, table revised automatically, revisions posted to REVI ED_RATING_ 
TABLE. OUT. 

Set INO TCO T(IJ) = 2 revised rating table, upstream A ow po sible, 
tail water submergence effective, revisions posted to REVI ED_RAT-
ING_TABLE.OUT. 

1 - Grid element number that is one of the hydraulic structure 
OD outflow elements to simulate a simplified storm drain. IS-

T RMDO Tis a junction or outflow node for a number of 
inflow nodes. See comment 12. 

0.01- 1.0 Culvert entrance loss coefficient. ee comment 10. 

• 

• 

•• 
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• 
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Variable D escriptions for the 

HYSTRUC.DAT File 
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D ATA INPUT 

(s) Switch (i) = Integer variable (r) = Real variable (c) = Character 

VARIABLE FMT RANGE DESCRIPTION 

OUTFLO OD(I) i 1 - Grid element receiving the hydraulic structure discharge (structure outlet). 
OD OUTFLONOD does not have to be con~ouous to INFLONOD grid ele-

ment. 

QTABLEO,J) r 0.01- 00 Array of hydraulic structure discharges for the headwater depths in the rating 
table (discharge). See comments 3 and 5. 

REPDEPOJ) r 0.01- 00 Flow depth (ft or m) that if exceeded will invoke the replacement structure 
raring curve parameters for simulating a blockage or a d1ange in tl1e raring 
curve. 

RACOEF(IJ) r 0- 00 This variable will replace RQCOEFOJ) when CLE GTHO,J) > 1 and the 
long culvert routine is used. It is an array of structure rating curve discharge 
replacement coefficients. There should be the same number of rating curve 
pairs of coefficientS and eA'-pOnents . 

RAEXP(IJ) r 0- 00 This variable will replace RQEXPOJ) when CLE lGTHOJ) > 1 and the 
long culvert routine is used. It is an array of structure raring curve discharge 
replacement exponents. TI1ere should be tl1e same number of rating curve 
pairs of coefficients and e..xponents. 

RQCOEFOJ) r 0- 00 Structure rating curve discharge replacement coefficients. There should be 
the san1e number of raring curve pairs of coefficients and exponents 

RQEXP(IJ) r 0- 00 Structure rating curve discharge replacement exponents. There should be 
the same number of rating curve pairs of coefficients and exponents. 

STRUCHAR c S,C,R,T Character that identifies the use of Line 2, 3, 4 or 6 where: 
orD 

STRUCHAR = 'S' for the structure control, (Line 1); 
STRUCHAR = 'C' for a rating curve (Line 2); 
STRUCHAR = 'R' for replacement rating curve (Line 3); 
STRUCHAR = 'T' for a rating table (Line 4); 
STRUCHAR = 'F' for culvert equations (Line 5); 
STRUCHAR = 'D' for storm drain (Line 6). 

STORMDMA.t'CQ(I) r 0- 00 Maximum allowable djscharge (conveyance capacity) of the 
collection pipe represented by the ISTORMDOUT ele-
ment. 

STRUCTNAME(I) i Alpha Hydraulic structure name (15 characters or less). This name is for user iden-
Numeric tification purposes only. No Spaces allowed in the name. 
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VARIABLE 

TYPEC(I) 

TYPEE (I) 

Variable Descriptions for the 

HYSTRUC.DAT File 
(s) witch (i) = Integer variable (r) = Real variable (c) = Character 

FMT RANGE 

s 1 =box 
2 =pipe 

s 1, 2, 3 

DESCRIPTION 

Culvert switch, either 1 or 2. Set TYPEC(I) = 1 for a box 
culvert and TYPEC(I) = 2 for a pipe culvert. See comment 
9. 

Culvert switch. Set TYPEE (I) for entrance type 1, 2, or 3. 
ee comment 9. 

• 

• 

• 



Instructional Comments for the 

HYSTRUC.DAT File 

1. Hydraulic structure discharge between either fl oodplain or channel grid ele
ments can be simulated as a rating cmve function of the headwater depth, Q = 
COEFQ*depthEXPQ, where COEFQ and EXPQ are specified coefficients and 
exponents which are valid for a depth not to exceed HDEPEXC. The grid 
elements containing the structure inlet and outlets must be specified. The inlet 
and outlet grid elements do not have to be contiguous. The structure discharge 
(such as a culvert, weir or bridge) may either inlet or outlet control as long as 
the discharge is specified as power function of the headwater depth. 

2. 

3. 

When the headwater depth exceeds the specified depth (HD E PEXC) for which 
the original rating curve relationship is valid, a second replacement relationship 
is invoked. These multiple relationships can be used to specify structure block
age or a change in the rating curve. For example, if a height of 5 ft corresponds 
to the top of a culvert for a discharge of up to 300 cfs, then a second rating 
curve relationship for flows over a roadway could be based on a flow depths 
starting at 6 ft above the culvert invert that could correspond to a discharge 
of greater than 500 cfs. Structure blockage can be simulated by setting the 
replacement coefficient (RQCOEF) equal to zero. 

If a hydraulic structure rating table is used, a linear interpolation between nvo 
headwater depths in the table is applied to es timate the discharge for a headwa
ter depth determined by the model. 

4. When structure tailwater effects must be considered, the HDEPEXC variable 
for the rating curves represents the difference between the headwater and tail
water water surfaces. 

5. The rating table should always have the first pair of depth-discharge data as 
headwater depth = 0 and discharge = 0 to enable interpolation with the next 
data pair in the rating table. 

6. The hydraulic structure may be any type of flow control such as a bridge, eli
version, culvert, weir, roadway or spillway. If a short culvert is simulated that 
is separated by more than one grid element, neither the travel time or volume 
of storage in the culvert is considered. The discharge is computed at the out
flow element for the same timestep. This is a relatively minor as umption that 
should not affect your simulation unles the culvert can contain a significant 
portion of tl1e flood volume in the entire model. 

7. If tl1e culvert or conduit is long, an alternate set of equations will be invoked. 
These equations are governed by the variables COEF A, EXP A, RACOEF, 
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D ATA INPUT 
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RAEXP and ATABLE. The model will use automatically substitute the long 
variables and equations when LE GTH > 1. 

8. If the hydraulic structure is a culvert between two floodplain elements, set 
IFPORCHAN = 0. If the structure is a bridge or culvert in a channel, set 
IFPORCHAN = 1. If the structure such as a culvert collects discharge from a 
floodplain and discharges to a channel, set IFPORCHAN = 2. 

9. The Department of Transportation generalized culvert equations can be used 
to assess inlet and outlet control. The type of culvert entrances are:. 

BOX entrance: 

type 1 - wingwall flare 30 to 75 degrees 
type 2- wingwall flare 90 or 15 degrees 
type 3- wingwall flare 0 degrees 

PIPE entrance: 

type 1 - square edge with headwall 
type 2 - socket end with headwall 
type 3 - socket end projecting 

10. The culvert equations use the conventional I values that be found in the 
literature. 

• 

11. If I OUT CO T(I,J) = 0, then the hydraulic structure discharge is based solely • 
on the upstream water surface elevation or headwater depth on the reference 
elevation (assigned or node elevation) . This is equivalent to inlet control for a 
culvert. If 0 TCO T(IJ) = 1, then the tailwater submergence and poten-
tial flow reversal (from downstream to upstream) is evaluated. As the tailwater 
elevation approaches the upstream headwater elevation, the model adjusts the 
rating curve and reduces the discharge gradually. If the tailwater elevation 
exceeds the headwater elevation then flow upstream is possible. When the 
switch I OUTCO T(I,J) = 1, if the hydraulic structure discharge is greater 
than tl1e upstream inflow, the headwater elevation decreases and the tailwater 
elevation increases. As tl1e two water surface elevations on each side of the 
structure equilibrate the submergence factor and the structure discharge are 
reduced. This may occur because of tailwater effects or because the struc-
ture discharge rating table was overestimated for the upstrean1 flow condition . 
The modiE.cations to ilie rating table are reported in the file REVISED_RAT-
I G_TABLES.O T file. 

12. By assigning ISTORMDOUT, the discharge from this outflow element will 
represent ilie collective inflow from any number of upstream inflow discharge 
from using the hydraulic rating curve or table. The discharge in ilie outflow 
element I TORMDOUT can be limited to the ma--..;:imum discharge value 
STORMDMAXQ. \'7hen the STORi'v1DMAXQ is exceeded, no additional 
inflow discharge will be computed for successive downstream inflow nodes. • 



• 

• 

This simplified storm drain routine does not include any pipe flow routing and 
does not use the SWMM model. The purpose of this component is to estimate 
the collected discharge in a large storm drain pipe and limit the potential inflow 
to the pipe capacity without performing a pipe network discharge calculation. 
For complex pipe networks, use the FL0-2D SWMM model interface. 

13. CDIA.i\1ETER is primarily used to estimate the timing of flow through a long 
culvert. This is accomplished with a Muskingcum type storage routing. When 
the culvert is longer than about 1,000 (300 m), the timing of the flow in the 
culvert may not match the timing of the floodwave progression. Generally, 
the amount of storage in the culvert is not significant compared to the flood 
volume. Use CDIAMETER for a box culvert width if the generalized culvert 
equations are used. W'hen using other culvert shapes such as an oval, define 
an approximate equivalent circular culvert diameter. For multiple box culverts, 
define an equivalent single box culvert width (CuBASE) and height (CDIA.i\11-
ETER) . 
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FILE: STREET.DAT 
STREET DATA 

D ATA INPUT 

STREET.DAT File Variables 

0.025 1 1.7 0.667 40 Line 1: STRMAN ISTRFLO STRFNO DEPX WIDST 
STCHAR = 'N' STNAME MAIN 

127 0 

w 1 40 
w 2 50 
w 4 50 

128 0 

otes: 

Line 2: 
0 0 Line 3: 

Line 4: 
Line 4: 
Lne4: 

0 0 Line 3: 

STRCHAR = 'S' IGRIDN(L) DEPX(L) STMAN(L) 
ELSTR(L) 
STRCHAR = 'w', ISTDIR(K) WIDR(K) K = 1,8 street elements 
STRCHAR = 'w', ISTDIR(K) WIDR(K) K = 1,8 street elements 
STRCHAR = 'w', ISTDIR(K) WIDR(K) K = 1,8 street elements 
STRCHAR = 'S' IGRIDN(L) DEPX(L) STMAN(L) 
ELSTR(L) 
L = number of grid elements in each street segment. 

If M TREET = 0 in the CO T.DAT file, omit this file. 
If DEPE:X, STMAN, ELSTR, and WDIR = 0 the global values from Line 1 will be used. 
Each grid element should be listed only once in this file. 
Line 2 - 4: Repeat these lines for each street. 
Line 4: Repeat this line for the number of grid elements before repeating Line 3. 

STREET.DAT File Example 

0.025 1 1.7 0.667 40 
MAI 

0 0 0 
1 40 
2 50 
4 50 

128 0 0 0 
2 50 
4 50 

129 0 0 0 
w 2 50 
w 4 50 
s 131 0 0 0 
w 2 50 

• 

~ 
0 
~ 
~ 

~ 
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• 
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VARIABLE 

DEPX 

DEPEX(L) 

ELSTR(L) 

I GRID (L) 

ISTDIR(K) 

ISTRFLO 

STRCHAR 

STRFNO 

STMAl (L) 

STR.t'v1AN 

FMT 

r 

r 

r 

i 

I 

s 

c 

r 

r 

r 

Variable Descriptions for the 

STREET.DAT File 
(s) Switch (i) =Integer variable (r) = Real variable (c) = Character 

RANGE DESCRIPTION 

0.0 - 2.0 Street curb height (ft or m). If the street curb height is exceeded by the 
0.0- 0.6 flow it will result in overland flow in the grid element conr.o'lining the street. 

DEPX is used to assign a treet curb height to all grid elements (see com-
ment 7). 

0.01 - 2 Optional curb height (ft or m) for individual grid elements that supercedes 
0.25 - .6 the global curb height DEPX. Set DEPEX(L) = 0.0 to use DEPX. 

0- 30,000 Optional street elevation (ft or m). This elevation will supercede the flood-
0- 9,000 plain grid element elevation. If ELSTR(L) = 0, the model will assign the 

street elevation as grid element elevation, FP(I,6) minus the curb height 
DEPEX(L) or DEPX to the street elevation ELSTR(L) (see comment 3). 

1 - OD Grid element number. Each grid element should be listed only once in the 
data file (see comment 6) . 

1 - 8 Street segment (flow direction) from the center of the grid 
element to a neighboring element. IITDIR(k) will vary from 
1 to 8 according to the following compass directions: 

1 =north 5 = northeast 
2 =east 6 = southeast 
3 =south 7 = southwest 
4 =west 8 = northwest 

0 or 1 ISTRFLO = 1 specifies that the system inflow hydrograph will enter the 
streets rather than entering the overland portion of the grid element. 

,S orW Character ', 'S' or '\Y/' to identify either Line 2, 3 or 4. 

0.0-5 Maximum street Froude number. \XIhen the computed Froude number for 
the street flow exceeds STRFNO, d1e n-value is increased by 0.001 for that 
grid node. TI1e increased n-values are reported in the ROUGH.OUT and 

STREET.RGH files 

0.01 - 0.25 Optional street n-value for the individual street segD1ents \vi thin a given grid 
element. STMAN(L) supercedes the STRMAN value. If STMAN(L) = 
0.0, the global value STRMAN will be assigned to the grid element street 
segD1ent. 

0.01- 0.25 Global n-value for street flow which that is assigned to all the grid element 
street segD1ents (See comment 2). 



Variable Descriptions for the 

STREET.DAT File 
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D ATA INPUT 

(s) Switch (i) =Integer variable (r) = Real variable (c) =Character 

VARIABLE FMT RANGE DESCRIPTION 

AME c Alpha u- Character name of the street. p to 15 characters can be used. The street 
menc name is not used in the model (see comment 1). 

WIDRQ<) r 0.0- 1,000 Optional grid element street width in the I TDIR direction. If the grid 
0.0- 300 element contains more than one street, Line 4 must be repeated. If a given 

grid element has more than one street in one direction, modi~' \XliDRQ<) 
to represent the combined widths of the streets. p to 8 street segments, 
one for each of the 8 compass directions, can be assigned according to the 
I TDIR variable. By setting \'{lll)RO() = 0.0, the WIDST global width will 
be assigned to that street segment (see comments 4 and 5). 

WIDST r 0.01- 00 Global assignment of street width to all streets. This value is superseded by 
\'V'IDRO() when WIDRO() is greater than zero (see comments 2 and 4) . 

• 

• 

• 
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Instructional Comments for the 

STREET.DAT FILE 
1. The street name is provided for the user to separate the streets groups for easy 

identification in the data file . It is not used in the program. 

2. The street depth, width and n-values can be assigned globally for all the street 
grid elements. The street depth, width, n-value and elevation can be uniquely 
assigned for individual grid elements in Lines 3 and 4 by setting these values 
greater than zero. 

3. If the street elevation is different from the representative grid elevation as
signed in the FPLAI .DAT file, it should be specified in line 3, othet'\vise the 
street elevation \vill be the floodplain elevation minus the curb height. This 
elevation is then used to determine the street slope. 

4. The street width should be less than the width of the grid element. The over
all floodplain surface area of the grid after the streets are removed must be at 
least 5% of the original surface area (grid element width squared). If there are 
numerous streets in the grid element that consume all the grid element surface 
area, consider leaving out the smaller, less significant streets, reduce the street 
width or transfer one or more to a neighboring grid element. Another option 
is to increase the grid element size and redo the grid system. 

5. The street is assumed to extend from the center of the grid element to the grid 
element boundary in the four compass directions plus the four diagonal direc
tions as specified by the variable I TD IR(K). A street that crosses the entire 
grid element is assigned two street sections and directions in Line 4. 

6. Each grid element should be listed only once in the STREET.DAT file. For 
street intersections withjn the grid element, list all the street flow directions for 
the first street, then skip that grid element for the succeeding crossing streets. 

7. The street Bow depth TOL value below which no computations are perform is 
0.03 ft or 0.01 meters. This value is comparable to TOL value in TOLER.DAT 
but it is hardwired into the model. The user cannot adjust it. 



FILE: ARF.DAT 
FLOODPLAIN AREA AND WIDTH REDUCTION 
DATA 

ARF.DAT File Variables 

S 0 Line 1: ITTCHAR = 'S' ARFBLOCKMOD 
T 49 Line 1: ITTCHAR = 'T' ITTAWF(K) 
29 .2 .70 .50 1.0 0. 0. 0. 0. 0. Line 2: IDG(I) ARF(I) WRF(I,J) 

I Notes: 

K = number of totalfy blocked grid elements 
I = number of partialfy blocked grid elements 
] = 8 flow directions 

If IWRFS = 0 in the CO T.DAT file, omit this file. 
Line 1: Repeat this line for each totally blocked grid element. 
Line 2: Repeat this line for each partially blocked grid element. 

0. 
T540 
T 2502 
T 3818 
T 3861 
T 4435 
T 4 66 

ARF.DAT File Example 

46 .1 0 .5 0 .5 0 0 0 0 
69 .3 0 0 0 0 0 0 0 0 
11 9 .4 .5 .7 1 0 0 0 0 0 
120 0 0 0 0 1 0 .2 0 0 
142 .2 .2 0 0 0 0 0 0 0 
161 .5 0 0 0 0 0 0 0 0 
162 .5 .7 .2 1 0 0 0 0 1 
163 .1 0 0 0 1 0 0 0 0 
182 .3 0 0 0 0 0 0 .3 0 
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C HAPTER 4 
INPUT FILES 

VARIABLE 

ARF(l) 

IARFBLOCKMOD 

IGD (I) 

ITTAWF(I) 

ITT CHAR 

\XIRF(IJ) 

FMT 

r 

r 

i 

i 

c 

r 

Variable Descriptions for the 

AFR.DAT File 
(s) Switch (i) =Integer variable (r) = Real variable (c) =Character 

RANGE DESCRIPTION 

0 - 1 Array of optional area reduction factors (ARF) for grid element I. ARF(l) is 
the percent of the grid element area that can not be covered by surface flows. 
Buildings or other physical features contained within the grid that cannot 
store flow volume are accounted by using the ARF value. The ma:illnum 
value for an ARF = 0.95. If ARF > 0.95, then ARF is reset to 1 (see com-
ments 1 and 3). 

0. - 1. Global revision to the ARF = 1 value to the grid elements 
that are tot.-'11 blocked from receiving any flow (ITT A \.W ele-
ments). Setting IARFBLOCKMOD = 0.9 will change the 
ARF = 1. to ARF = 0.9 for all the ITTAWF elements. See 
comment 4. 

1 -NNOD Array of partially blocked grid element nun1bers. 

1 -NNOD Array of grid elements that will not receive any flow. Each grid element is 
totally blocked out and all ARF and WRF values are set equal to 1.0. 

T Set ITICHAR = 'T' to identify Line 1. 

0- 1 Array of optional width reduction factors (\XIRF) for grid element(l). The 
width reduction factor corresponds to the percentage of flow width lost due 
to obstruction in four directions, north, east, northeast and southeast. The 
width reduction for d1e other four directions is defined by the values as-
signed to the contiguou elements. Asswning that the flow field is oriented 
wid1 the north direction toward the top of the page, use the following WRF 
assignment: 

WRF(I,1) = orth 
WRF(I,2) = Ea t 
\'@F(I,3) = South 
\'<IRF(I,4) = West 
WRF(I,5) = ortheast 
\'@F(I,6) = Southeast 
\'<IRF(I,7) = Southwest 
WRF(I,8) = orthwest 

where I is the grid element number (see comment 2). 



Instructional Comments for the 

ARF.DAT File 

1. For a partially blocked grid element, those ARF and WRF values that are 0.0 
must be entered. The graphical assignment and editing of ARF and WRF val
ues are easy in the GD program. 

2. Each grid element can receive or clischarge flow through eight ides. Consider 
each element to be an octagon. Each WRF factor refers to the percent block
age of one of the eight sides. 

3. The maximum ARF value i 0.95 unless the grid element is totally blocked out 
in Line 1 as a ITTAWF grid element. This insures that at least 5% of the grid 
element is left for Aow storage. For ARF values greater than 0.95, the model 
will reset the ARF to 1. se the ITTA WF parameter to totally block out a grid 
element with zero storage. 

4. Instead of completely blocking any flow from entering the ITTAWF elements, 
assigning IARFBLOCK.MOD < 1. will allow some flow storage in these com
pletely blocked elements. 

D ATA INPUT 
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FILE: MULT.DAT D ATA INPUT 

MULTIPLE CHANNEL (RILL AND GULLY) DATA 

MULT.DAT File Variables 

Line 1: WMC WDRALL DMALL NODCHNSALL XNMULTALL 
15 1 1 0.060 0.005 0.010 SSLOPEMIN, SSLOPEMAX 

13 .50 6 1 0.055 Line 2: IGRID(I) WDR(I) DM(I) NODCHNS(I) XNMULT(I) 
I = number of grid elements JJJith multiple channels 

Notes: 
If MULTC = 0 in the CO T.DAT file, omit this file. 
If \.VDRALL = 0, no global assignment of the variables occurs. 
Line 3: Repeat this line for each grid element revision. 

MULT.DAT File Example 

15 1 1 0.060 0.005 0.009 
2 50 6 1 0.055 
27 20 3 1 0.06 
28 20 3 1 0.06 
29 20 3 0.06 
30 20 3 0.06 
50 10 2 1 0.06 
51 10 2 1 0.06 
52 10 2 1 0.06 
53 10 2 1 0.06 
54 10 2 1 0.06 
55 10 2 1 0.06 
56 10 2 1 0.06 
57 10 2 0.06 
58 10 2 1 0.06 
79 5 1 1 0.06 
80 5 1 1 0.06 
81 5 1 0.06 
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CHAPTER 4 
INPUT FILES 

VARIABLE 

DM(K) 

DMALL 

IGRID(I) 

ODCH (K) 

ODCH SALL 

S LOPEMI 

LOPEMAX 

\®R(K) 

WDRALL 

WMC 

.< MULT(K) 
T MULTALL(K) .< 

Variable Descriptions for the 

MULT.DAT File 
(s) witch (i) = Integer variable (r) = Real variable (c) = Character 

FMT RANGE DESCRIPTION 

r 0- 1000 Maximwn depth of multiple channel for individual grid elements (ft or 

0-300 m). When the flow depth e.'\ceeds the multiple channel depth DN~ the flow 
\vidth WDR of the gully is increased by the incremental width WMC (see 
comments 2 and 3). DM upercedes the DMALL depth assignment. 

r 0- 1000 Global a signment of the maximwn depth to all grid elements (ft or m). 

0-300 

i 1 -NNOD Floodplain grid element nwnber (see comment 1) 

i 0 - 100 wnber of multiple channels assigned in each grid element. If ODCHN 
is set equal to zero then the overland flow without multiple channels is as-
swned. NODCHNS supercedes NODCHNSAIL value. 

i 1- 100 Global assignment of the nwnber of multiple channels to all grid element . 

r 0. - 1. Minimwn slope that multiple channel assignments will be made at run-
rime. 

r 0.- 1. Maximwn slope that multiple channel assignments will be made at run-
time. 

r 0- 1000 Channel width for individual grid elements. \XtDR supercedes \X!DRALL. 

0-300 

r 0 - 1000 Global as ignment of the multiple channel width to all grid elements. If 

0-300 WDRALL = 0, all global variables are set to zero. 

r 0- 1000 Incremental width by which mulriple channels will be e.'\panded when the 

0-300 ma.'\imum rill and gully depth DM is exceeded (see comments 2 and 4). 

r 0.01-0.5 Channel n-value for individual grid elements. upercedes 1ULTALL. 

r 0.01-0.5 Global assignn1ent of the multiple channel n-values to all the grid elements. 

• 

• 

• 



• Instructional Comments for the 

MULT.DAT File 
1. If a grid element is assigned multiple channels and, in addition, contains a main 

channel or buildings such that the available floodplain surface storage area is 
less than 50% of the original grid element surface area, then the model will reset 
that grid element to overland sheet flow (i.e. no multiple channels). Multiple 
channels will not be simulated in the grid elements with streets. The program 
will automatically eliminate any multiple channels in grid elements with streets. 
The user does not have to alter the data files. The available surface area and the 
assigned variable can be reviewed in the SURFAREA.OUT output file. 

2. If a gully channel fills and is about to overflow, it is assumed that the gully is an 
alluvial channel and will widen to accept more flow. Thus when the flow depth 
exceeds the maximum gully channel depth DM, the model increases the gully 
width by the incremental width value WMC. Once the flow is in a gully, the 
gully will not overflow back onto the overland area, but will continue to widen 
until the gully is wider than the grid element r until there is no more overland 
storage area left in the grid element. The flood routing will then revert to over
land flow in that element. The following rules govern the assignment of the 

• multiple channel data: 

" .) . 

4. 

5. 

• 

When the flow depth exceeds the multiple channel (gully) depth, 
the flow width of the gully is increased by the incremental width. 
If it is desired to force the flow to stay in a channel of fi.xed 
width, set the incremental width equal to zero. 
if the number of multiple channels assigned in a grid element is 
set equal to zero, overland sheet flow without multiple channels 
is assLm1ed. 
The values given in the single grid element data group will super
sede those in the global parameter group. 

If it is desired to force the flow to stay in a channel of fixed width, set the vari
able WMC = 0. 

The total flow width is determined by multiplying the number of channels in 
each grid element by the appropriate width. 

SSLOPEMI and SSLOPEMAX define a range of watershed slope in which 
the multiple channel width will be expanded. This will limit the rill and gully 
growth to the middle portion of the basin and will not expand the main channel 
if it is being modeled as a multiple channel. By expanding the rills and gullies 
for increased conveyance capacity, the time of concentration can be reduced. 
The default SSLOPEMI = SSLOPEMAX = 0. will result in width increases 
for all multiple channels . 
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FILE: SED.DAT D ATA INPUT 

MUDFLOW AND SEDIMENT TRANSPORT DATA 

SED.DAT File Variables 

Line 1: SED CHAR = 'M' VA VB YSA YSB SGSM XKX 
M 0.000602 33.10 0.001720 29.50 2.74 0.00 

Line 2: SEDCHAR = 'C' ISEDEQG ISEDSIZEFRAC DFIFTY SGRAD SGST 
DRYSPWT CVFG ISEDSUPPLY ISEDISPLAY 

c 2 0.25 2.5 2.65 92.5 1 232 

z 2 5.0 0.15 
p 0.062 0.010 

Line 3: SEDCHAR = 'Z' ISEDEQI BEDTHICK CVFI 
Line 4: SEDCHAR = 'P' SEDIAM SEDPE RCENT 

D 111 20.0 Line 5: SEDCHAR = 'D' JDEBNOD DEBRISV 
E 1.0 Line 6: SEDCHAR = 'E' SCOURDEP 
R 9366 Line 7: SEDCHAR = 'R' ICRETIN(N) =number of rigid bed nodes 
S 23 98 1 4.49 0.89 Line 8: SEDCHAR = 'S' ISEDGRID(N) ISEDCFP(N) ASED(N) 

BSED(N) = number of seditnent suppfy rating cttrves. • 
0.062 0.052 Line 9: SEDCHAR = 'N' SSEDIAM SSEDPERCENT 

Z 1 3 Line 10: SEDCHAR = 'G' ISEDUM ISEDGROUP(N) 
= number of sediment groups 

Notes: 
Only ISED or MUD can be simulated at one time. 
If MUD = 0 in the CO T.DAT file, omit line 1. 
If ISED = 0 in the CO T.DAT file, omit line 2, 3, 4, 6, 7, 8, and 9. 
If both MUD and I ED= zero in the CO T.DAT file, omit this file. 
Line 2: If ISED IZ FRAC = 1, it is necessary to create a sediment group using Lines 3 and 4. 
Line 4: Repeat this line for each size fraction. Each group must have the same number of size frac-
tions. 
Line 5: If IDEBRV = 0 in the CO T.DAT file, ignore thi line. 
Line 8, 9: If ISEDSUPPLY = 0, ignore these lines. 

• 



• 

• 
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C HAPTER 4 
INPUT FILES 

FILE: SED.DAT 
MUDFLOW ANDSEDIMENTTRANSPORTDATA 

SED.DAT File Example 

M 0.000602 33.10 0.001720 29.50 2.74 0.00 (MNdjlollj 
or 
C 2 1 2.5 6.7 2.65 95.0 0.10 0 1961 (Sedi111entTransp01~ 

z 2 1. 0.10 
p 0.074 0.058 
p 0.149 0.099 
p 0.297 0.156 
p 0.590 0.230 
p 1.1 9 0.336 
p 2.38 0.492 
p 4.76 0.693 
p 9.53 0. 08 
p 19.05 0.913 
p 38.10 1.000 
E 1.0 
R2062 
R2063 
R2114 
R2115 
R 2166 
R2167 
s 1228 1 4.49 0.89 

0.074 0.022 
0.300 0.107 
0.600 0.232 
2.000 0.528 
4.750 0.748 
9.530 0.852 
19.050 0.926 
38.100 0.973 
76.200 1.000 

G 1 2 

G 2 2 

G 3 1 
G 4 2 ... 



Variable D escriptions for the 

SED.DAT File 
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D ATA INPUT 

(s) Switch (i) = Integer variable (r) = Real variable (c) =Character 

VARIABLE FMT RANGE DESCRIPTION 

ASED r 0 - 00 ediment rating curve coefficient (see the B ED variable below). 

BEDTHICK r 0 - 100 Sediment bed thickness (ft or m) for sediment routing by size fraction. The 

0 - 30 available ediment volume for a size fraction within a grid dement is defined 
by the bed thicknes times the floodplain or channel element surface area 
times the percent size distribution. The default bed thickne sis 10ft (3 m) 
for the floodplain if bed thickness is less than 0.1 ft. If there is no available 
ediment volume for a given size fraction, no further scour of the bed will 

occur for that sediment size fraction (see comment 2). 

BED r 0 - 00 ediment rating curve exponent. Q, = A ED* Qw BSED 

where: 
Qw is the water discharge (cfs or ems) 
Q, is the sediment supply (tons/day or kg/day). 

CVFG r 0- 0.2 Fine sediment volumetric concentration for overland, channel, and streets. 
This value is superceded by CVFI in Line 3. Concentration by volume of 
sediment for sizes less than 0.0625 mm (sand-silt split). This concentration 
by volume generally ranges from 5% to 15% and is expressed as a decimal 
(0.05 for 5% concentration by volume). It is used only in Woo-MPM sedi-
ment transport equation. 

CVFI r 0 - 0.2 This variable i the same as CVFG except that it represents the fine sediment 
volumetric concentration for an individual channel segment(s). CVFI super-
cedes CVFG for a channel segment(s) as identified by ISED in CHAN. 
DAT. CVFI represents the concentration by volume of sediment for sizes 
le than 0.0625 mm (sand-silt split). This concentration by volume gener-
ally ranges from 5% to 15% and is expressed as a decimal (0.05 for 5% 
concentration by volume). 

DEBRI V r 0 - 00 Volume of the debris basin in ft3 or m3
. 

DFIFfY r 30625 - 00 ediment size (DJ in mm for sediment routing. 

DRY PWT r 70 - 130 Dry specific weight of the sediment 0b/ft3 or /m~. 

ICRETN i 1 - N OD Floodplain or channel grid elements \\~th a rigid bed (e.g. spillway apron). 

I EDCFP s 0 = fp I EDCFP = 0 for a floodplain sediment supply rating curve 

1 =chan I EDCFP(N) = 1 for a channel sediment upply rating curve. 

• 

• 

• 
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C HAPTER 4 
INPUT FILES 

VARIABLE 

ISEDEQG 

ISEDEQI 

FMT 

i 

i 

Variable D escriptions for the 

SED.DAT File 
(s) Switch (i) = Integer variable (r) = Real variable (c) = Character 

RANGE DESCRIPTION 

1- 11 Transport equation number used in sediment routing for overland flow, 
channels and streets (see comment 3). In Line 2 (Line 'C'), ISEDEQG 
will set the sediment transport equation for floodplain sediment routing 
and channel routing. In Line 3 (Line 'Z'), ISEDEQI will set the sediment 
transport equation for sediment routing by size fractions with a sediment 
transport equation assigned to each group. Set I EDEQG or ISEDEQI as 
follows for the appropriate sediment transport equation: 

ISEDEQ = 1 Zeller and Fullerton 
ISEDEQ = 2 Yang 
ISEDEQ =3 Englund and Hansen 
ISEDEQ =4 Ackers and White 
ISEDEQ = 5 Laursen 
ISEDEQ =6 Toffaleti 
ISEDEQ =7 Woo-!viPM 
ISEDEQ =8 MPM-Smart 
ISEDEQ =9 Karim-Kennedy 
ISEDEQ = 10 Parker, Klingeman & McLean 
ISEDEQ = 11 Van Rijn 

1 - 11 Tius variable is the same as ISEDEQG except that it represents the sedi-
ment transport equation used for sediment routing by size fractions and 
to identify the sediment transport equation that will be used by a specific 
channel segment or reach (comment 5). Tius value supercedes ISEDEQG 
in Line 2. In Line 3 (Line 'Z'), I EDEQ will set the sediment transport 
equation for sediment routing by size fractions with a sediment transport 
equation assigned to each group. If Line 3 and the following Line 4's con-
stitute only one group, then all sediment routing on the floodplain, in the 
channel and in the streets will use the same sediment size distribution. If 
there is more than one group of Line 3 and the following Line 4's, then the 
first group will be define the sediment size distribution for the floodplain, 
streets and any channel segn1ents where ISEDN = 1 in CHAN.DAT. Sue-
cessive channel segments can identify another set of sediment size fractions 
by setting ISED = 2 or higher. Tius will pernlit the channel bed material 
to vary throughout the river system. The ISEDEQI equation numbers are 
the same as ISEDEQG above. The number of size fraction intervals must 
be identical for all sediment groups (see comment 6). 



Variable D escriptions for the 

SED.DAT File 
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D ATA INPUT 

(s) S·witch (i) = Integer variable (r) = Real variable (c) = Character 

VARIABLE FMT RANGE DESCRIPTION 

I EDI PLAY i 1 - NNOD Grid element (channel or floodplain) for which the sediment transport ca-
pacity for all the sediment tran port equations will be displayed by output 
interval TOUT in the EDTRAN.OUT file. Please note that only one 
equation is used in the actual sediment routing calculations, but the results of 
all equations are displayed in SEDTRAN.OUT. 

I EDGRID i 1 - N OD Grid element that will be a sediment supply node (channel or floodplain) 
with a sediment rating cLUVe. 

I EDGROUP i 1-NNOD The sediment group ID for each set of size fraction data. See 
comment 5. 

I EDSIZEFRAC s 0 or 1 I EDSIZEFRAC = 1, the sediment routing will be performed by size frac-
tion. Requires data input from Lines 3 and 4 and Line 9 if a sediment supply 
is also input. 

ISEDSIZEFRAC = 0, the default bed thicknes i 10 ft (3 m) (see com-
ment 1). 

I EDSUPPLY s 0 or 1 I EDSUPPLY = 1 if a sediment rating cLUVe will be used to define the sedi-
ment supply to a channel reach or floodplain area. 

I EDUM i 1-NNOD Grid element number with the ediment size fraction group 

]DEB OD i 1 - N OD Grid element with the debris basin. 

SCOURDEP i 0 - 100 Maximum allowable scour depth (ft or m) for all floodplain elements. 
0 - 30 

--- ----- - - - ----- -

• 

• 

• 
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C HAPTER 4 
INPUT FILES 

VARIABLE 

SED CHAR 

SEDIAM 

SEDPERCE T 

SGRAD 

SGSM 

SGST 

SSEDIAM 

SSEDPERCE T 

FMT 

c 

r 

r 

r 

r 

r 

r 

r 

Variable D escriptions for the 

SED.DAT File 
(s) Switch (i) =Integer variable (r) = Real variable (c) = Character 

RANGE DESCRIPTION 

M Character line identifier: 

c 
Set SEDCHAR = 'M' to input mud flow parameters in Line 1. z 

p Set SEDCHAR = 'C' to input sediment routing parameters in Line 2. 

D 
Set SEDCHAR = 'Z' to input sediment routing by size fraction control 

E 
parameters in Line 3. 

R 
Set SED CHAR = 'P' to input sediment routing by size fraction 

s sediment distribution variables in Line 4. 
Set SED CHAR = 'D' to input debris basin parameters in Line 5. 

N 
Set SEDCHAR = 'E' to input the sediment scour lin1itation parameter 

G 
in Line 6. 

Set SEDCHAR = 'R' to input rigid bed grid elements in Line 7. 
Set SEDCHAR = 'S' to input sediment supply rating curves in Line 8 . 
Set SEDCHAR = 'N' to input sediment supply rating cmve size 

fraction distribution in Line 9. 
Set SED CHAR = "G" to input a sediment group. 

0 - 00 Representative sediment diameter (mm) for sediment routing by size frac-
tion. The sediment diameter corresponds to a given size fraction percent 
finer and usually is a pan sieve size. 

0.- 1. Sediment size distribution percentage (expressed as a decimal). The percent-
age represents the percent of the total sediment that is finer than the repre-
sentative size diameter. For e..'\ampJe, 45.6 percent of the sediment is finer 
than the 1 mm sediment size fraction. The last entry should be 1.00 (1 00% 
of the sediment is smaller than the corresponding sediment diameter). 

1.0 - 10. Sediment gradation coefficient (non-dimensional) for the sedin1ent trans-
port routine. 

2.5 -2.8 Specific gravity of the sediment in the mudAow. 

2.6 -2.8 Sediment specific gravity in the sediment transport component. 

0 - 00 Representative sedin1ent supply diameter (mm) for sediment routing by size 
fraction. See SEDIAM parameter above. 

0 - 1 Sediment supply size distribution percentage (expressed as a decimal). The 
percentage represents the percent of the total sediment that is finer than the 
representative size diameter. See SED PERCENT parameter above . 
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SED.DAT File 
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D ATA INPUT 

(s) Switch (i) = Integer variable (r) = Real variable (c) = Character 

VARIABLE FMT RANGE DESCRIPTION 

VA r 0- 00 Coefficient in the \~sco ity ver us sediment concentration by volume rela-
tionship. The relationship is based on a ~sco it:y given in poises (dynes-s/ 
em~ for either the English or i\lfetric system (see comment 4). 

VB r 0- 00 Exponent in the ~scosity versus sediment concentration by volume rela-
tionship. 

XKX r 24 -50,000 The laminar A ow resistance parameter for overland Aow. This value should 
range from 24 to 50,000 (see Table 8 in the FL0-2D Reference manual). It 
i suggested that a value of 2,480 initially be used for mudflows. If a value 
of XKX i entered, it will be used by the model. If XKX = 0, then XKX is 
computed by the following formulas where FPN i the floodplain grid ele-
ment Manning's n-value: 

FPI < 0.01 XKX=24 
0.01 < FP < 0.25 XKX = 1,460,865.81 * (FP 2J81 

0.25 < FPN XKX=2,480 

YA r 0- 00 Coefficient of the }~eld stress versus sediment concentration by volume rela-
tionship. The relationship is based on a }~eld stres given in dyne / cm2 for 
either the English or Metric system. 

YSB r 0- 00 Exponent of yield stress versus sediment concentration by volume relation-
ship. 

• 

• 

• 
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C HAPTER 4 
INPUT FILES 

Instructional Comments for the 

SED.DAT File 
1. Armor.ing is simulated for bed material sizes with a D

90 
> 16 mm. If D

90 
> 16 

mm, then an armor exchange layer with a thickness (3 x D9~ is established. Ini
tially the exchange layer has the same sediment size distribution as prescribed 
for the bed . The volume and size distribution of each sediment size fraction 
in the exchange layer is tracked on a timestep basis independent of the remain
ing bed material size. A potential armor sediment size D

84 
is predicted for the 

prescribed bed material size (see the armor discussion in chapter 4 of the FL0-
2D Reference Manual for references). If the computed D

84 
grain size equals or 

exceeds the predicted D
84 

armor size then an armor layer is assumed that will 
protect the smaller size sediment in bed from scour. 

2. While the bed thickness can be used to limit scour in the channel, it is suggested 
that a reasonable bed thickness be initially specified to determ.ine if the channel 
computes an unreasonable scour depth. 

3. To select an appropriate sediment routing equation refer to chapter 4 of the 
FL0-2d Reference Manual. If you are uncertain as to which equation may be 
best suited to your project, Zeller and Fullerton or Yang's equation will predict 
a moderate sediment transport capacity for a wide range of field conditions. 

4. Mud A ow simulation is dependent on the appropriate selection of viscosity and 
yield stress parameters. Please review the mudflow discussion in Chapter 4 of 
the Ref Manual to determ.ine an appropriate viscosity and yield stress relation
ship as function of sediment concentration. 

5. The floodplain spatially variable sediment size fraction is assigned by sediment 
groups (Lines 3, 4 and 1 0). Line 10 (G) relates the cell nwnber to the sediment 
group. Spatial variation can be assigned to the channel by segments using 
the ISED parameter in the CHA .DAT file. ISEDN is used to identify the 
sediment group for each segment. If there are two sediment groups as shown 
in the above example data file, there could be one floodplain sediment size 
distribution and one channel size distribution or there could be two channel 
segment size distributions by using the first sediment group to represent one of 
the channel segments as specified by the ISED variable in CHAN.DAT. 

6. It is important to note that each sediment group will have the identical size 
fraction delineation. The SEDIAM variable will be the same for all the groups 
(i.e. the number of Line 4s in all groups will be the same). If one group is 
missing a specific size fraction, then the sediment percentage for that group 
(SED PERCE T variable) will either be the same as the previous value or only 
slightly different (see the above example data file) . 
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FILE: LEVEE.DAT DATA INPUT 

LEVEE AND FAILURE DATA 

0.00 0 
L 1891 
D 4 5029.00 

F 1891 

LEVEE.DAT File Variables 

Line 1: RAISELEV ILEVF AIL 
Line 2: LEVCHAR = 'L' LGRIDNO(L) L = numberifleveegrid elements 
Line 3: LEVCHAR = 'D' LDIR(L,J) LEVCREST(L,J) 

L = number if levee grid elements J = number if levee directions in grid element 
Line 4: LEVCHAR = 'F' LFAILGRID(LF) 

LF = number if failure gn'd elements 
Line 5: LEVCHAR = 'W' LFAILDIR(LF,LD) FAILEVEL(LF,LD) 

FAILTIME(LF,LD) LEVBASE(LF,LD) FAILWIDTHMAX(LF,LD) 
FAILRATE(LF,LD) FAILWIDRAT E(LF,LD) 
LD = number if fail directions and LF = number if failure grid elements 

w 4 5019.5 27.0 101 2 0.5 

C FS3 0.5 
P 3450 F 1 0.5 

I Notes: 

Line 6: LEVCHAR = 'C' GFRAGCHAR GFRAGPROB 
Line 7: LEVCHAR = 'P' LEVFRAGRID(LP) LEVFRAGCHAR (LP) 

LEVFRAGPROB(LP) 
LP = number levee grid elements 2vith fragiliry curve assignments 

If LEVEE = 0 in the CO T.D T file, omit this file. 
Line 2: Repeat this line for each levee grid element. 
Line 3: Repeat this line for each levee direction in a grid. 
Line 4: Repeat this line for each LEVEEFAILURE grid element. 
Line 5: Repeat this line for each grid element failure direction. 

• 

• 
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C HAPTER 4 
INPUT FILES 

FILE: LEVEE.DA T 
LEVEE DATA 

0.00 0 
L 1891 
D 4 5020.00 
L 1896 
D 6 5020.00 
L 1897 
D 2 5020.00 
D 3 5020.00 
D 5 5020.00 
D 6 5020.00 
L 1921 
D 1 5020.00 
D 4 5020.00 
D 8 5020.00 
L 1922 
D 8 5020.00 
L 1927 
D 2 5020.00 
D 6 5020.00 
L ... 
C FS3 0.5 
p 3450 S1 
p 3558 S1 
p 3559 S2 
p 3669 S3 
p 3670 S4 
p 3782 C1 
p 3783 S1 
p 3815 ]2 
p 3897 S1 
p 

LEVEE.DAT File Example 

0.5 
0.9 
0.7 
0.5 
0.5 
0.3 
0.5 
0.5 
0.5 
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Variable D escriptions for the 

LEVEE.DAT File 

D ATA INPUT 

(s) witch (i) = Integer variable (r) = Real variable (c) = Character 

VARIABLE FMT RANGE DESCRIPTION 

F AILEVEL(LF,LD) r 0.01 The maximum elevation of the prescribed levee failure if different than the 

to levee crest (LEVELEV). et FAILEVEL = 0 to fail the levee when over-
00 topped. 

F AILRA TE(LF ,LD) r .01- 1000 The rate of vertical levee failure (ft/ hr or m/hr). 

0.25-300 

F AILTIME(LF ,LD) r 0 The duration (hr) that the levee will fail after the FAILEVEL elevation is 

to exceeded by the flow depth. 

SIMUL 
et FAIL IDffi = 0 if the levee fails immediately when overtopped. 

FAIL WIDRATE(LF ,LD) r .01- 1000 The rate at which the levee breach widens (ft/hr or m/hr). The breach tops 

0.25-300 increasing if the breach exceeds the grid element width for that direction. 

FAllWIDTHMAX(LF ,LD) r 0- 00 The maximum breach width (ft or m). The breach can extend into more 
than one grid element direction if necessary and the failure width can be 
larger than one grid element. ee Comment 3. 

GFRAGCHAR c Alpha Global levee fragility curve ID. One letter (e.g. S) and one 
Numeric number (e.g. 3) and must correspond to a levee fragility curve 

ID in the BREACH.DAT file. 

GFRAGPROB r 0 - 1 Global levee fragility curve failure probability. This is as-
signed to all levee grid elements. The levee fragility curves 
must be assigned in BREACH.DAT. 

ILEVFAIL s 0, 1 or 2 witch to identify levee failure mode. ee comment 6. 

et ILEVF AIL = 0 for no levee failure. 
et ILEVFAIL = 1 for prescribed level failure rates of breach opening. 

Set ILEVFAIL = 2 for initiating the levee or dam breach failure routine. 

LDIR(L,IM) i 1-8 Flow direction (of the 8 pos ible overland flow directions) that will be cutoff 
by a levee in a given grid element. The possible flow directions are: 

1 =north 5 = northeast 
2 =east 6 = southea t 
3 =south 7 = southwest 
4 =west 8 = northwest 

• 

• 
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C HAPTER 4 
INPUT FILES 

VARIABLE 

LEVBASE(LF ,LD) 

LEVCHAR(L) 

LEVCREST(L,IM) 

LF AILDill(LF ,LD) 

LEVFRAGRID(LP) 

LF AILGRID(LF) 

LGRJDNO(L) 

RAISELEV 

FMT 

r 

i 

i 

i 

i 

r 

Variable Descriptions for the 

LEVEE.DAT File 
(s) Switch (i) =Integer variable (r) = Real variable (c) =Character 

RANGE DESCRIPTION 

0.01 The elevation of the levee crest after complete failure. 
to 

Set LEVBASE = 0 if levee failure results in the levee crest being reset to the 
LEV CREST 

floodplain elevation in the FPLAIN.DAT file. 

If levee failure exceeds LEVBASE elevation, the floodplain elevation is set 
toLEVBASE. 

L, D , F, W, Character Identifier for Lines 2 - 7 

CorP 
'L' = Line2 
'D' =Line 3 
'F' = Line4 
'\Y/' =Line 5 
'C' =Line 6 
'P' =Line 7 

.01- 30,000 The elevation of the levee crest (ft or m) (see comments 4 and 5). 

.25-9,000 

1 - 8 The potential failure direction (see comment 3). 

1 =north 5 = northeast 
2 =east 6 = southeast 
3 =south 7 = southwest 
4 = west 8 = northwest 

1 -NNOD Individual levee grid element with fragility curve assignment. 

or 
The fragility curves must be assigned in BREACH.DAT 

-1 to -NNOD 

1-NNOD The floodplain grid element number with a levee that may potentially fail. 
If the LFAILGRJD variable is assigned as a negative value, then the levee 
failure criteria assigned to all levee elements. See comment 1. 

1-NNOD The grid element number containing the levee segment . See comment 2. 

0- 100 Incremental height (ft or m) that all the levee grid element crest elevations 

0-30 are raised. 



Instructional Comments for the 

LEVEE.DAT File 

1. The general operating rules for the prescribed levee failure are as follows : 

2. 

a. To make the levee fails when overtopped by the flow, set FAIIELEV and FAIL TIME= 0. 

b. If the levee is to fail a at specified elevation, set F AILELEV equal to the failure elevation. 

c. If the levee is to fail a at specified level below the top of the levee, set FAILELEV to a value 
lower than 1Oft. This will cause the levee to fail at an elevation equal to LEV CHREST -
FAILELEV. 

d. If the levee i to fail at a specific level below the top of the levee after being inundated for a spe
cific duration, assign appropriate values to both the F AIIEVEL and FAIL TIME variable . 

e. If the levee fails to a new ba e elevation that is different than the floodplain elevation, a sign 
an appropriate elevation to LEVBASE. 

f. After levee failure, flows will occur through a breach width of FAILWIDT~"{ for that 
flow direction. If the ma.:illuun1 failure width is longer than the grid element side, the breach 
will extend into adjacent grid elements until the ma.xi.mum failure width is equaled or the levee 
ends. For instantaneou failure, the entire grid element side levee will collapse. 

g. Progressive levee failure i simulated by a signing a value to FAILRATE (ft/ hr). Thi com
putes the new levee crest elevation as failure proceeds. F AILRA TE is a vertical rate of de
crease in the levee breach elevation. 

h. If prescribed failure levee grid element is negative, the failure data for that element is assumed 
to be global and applies to all the levee elements and blocked flow directions. In this case, the 
failure data needs only to be assigned to one element. 

o multiple channels will be assigned to grid elements with levees. Multiple 
channels in a levee grid element are eliminated automatically by the model. 

3. Each levee grid element can have up to eight failure directions. The initial 
breach widths are hardwired as 1.0 ft (0.3 m). The user specifies the maximum 
a.nticipated breach width with the parameter FAILWIDTHMAX. If the maxi
mum failure width is longer than the grid element side, the breach will extend 
into adjacent grid elements until the maximum failure width is equaled or the 
levee ends. 

4. Flow over a levee is computed as broadcre ted weir flow using a coefficient of 
2.85 until the tailwater depth is 85% of the headwater depth. The flow then 
reverts to overland flow based on the water surface elevations on each ide of 
the levee and the flow depth over the levee. 

D ATA INPUT 
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C HAPTER 4 
INPUT FILES 

5. Levee freeboard deficit is reported .in the output file LEVEEDEFIC.OUT. 
Five levels of freeboard deficit are listed in the file as follows: 

Level 0 >3ft 
1 2 ft < freeboard < 3 ft 
2 1 ft < freeboard < 2 ft 
3 freeboard < 1 ft 
4 levee overtopped 

6. There two options for specifying levee or dam breach failure. Set ILEVF AIL 
= 1 to assess the breach failure with prescribed rates of breach opening verti
cally and horizontally. Set ILEVFAIL = 2 to allow the model to simulate the 
breach geotechnical failure us.ing a modified NWS B ACH model routine. 

7. A second document on levee failure can be found in the Handouts folder. C:\ 
users \public \public documents \FL0-2D PRO D ocumentation \flo_help \ 
Handouts \Levee failure guidelines. pdf . 
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FILE: FPXSEC.DAT D ATA INPUT 

FLOODPLAIN CROSS SECTION DATA 

FPXSEC.DAT File Variables 

p 0 Line 1: FPXSECHAR = 'P' NXPRT 
X 3 11 284 ... Line 2: FPXSECHAR = 'X' IFLO(N) NNXSEC(N) NODX(N,J) 

] = 1, NNXSEC 

otes: 
Line 2: Repeat this line for each cross section. 

FPXSEC.DAT File Example 

p 0 
X 3 11 284 285 286 28 288 289 290 291 292 293 294 
X 314 808 809 810 811 812 813 814 815 816 81 818 819 820 821 
X 3 15 109 1098 1099 1100 1101 1102 1103 1104 1105 1106 110 110 1109 1110 1111 
X 3 10 1365 1366136 1368 136913 0 1371 1372 13 3 13 4 
X 3 26 1857185818591860 1861186218631864186518661867186818691870 1871 
X 3 28 2491 2492 2493 2494 2495 2496 2497 2498 2499 2500 2501 2502 2503 2504 2505 
X 312 4224 4225 4226 4227 4228 4229 4230 4231 4232 4233 4234 4235 
X 2 8 7373 7303 7236 7180 7124 7068 7012 6956 
X 2 5 8233 8135 7941 7845 7 49 
X 3 6 9000 9001 9002 9003 9004 9005 
X3 ... 

• 

• 

• 
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CHAPTER 4 
INPUT FILES 

VARIABLE 

FPXSECHAR 

IFLO 

ODX J) 

'SEC(N) 

XPRT 

FMT 

c 

i 

i 

j 

s 

Variable D escriptions for the 

FPXSEC.DAT File 
(s) Switch (i) =Integer variable (r) = Real variable (c) =Character 

RANGE DESCRIPTION 

PorX Character line identifier for Lines 2 and 3, 

'P' :::Line 2 
'X' :::Line 3 

1 - 8 Defines the general direction that the flow is eA11ected to cross the flood-
plain cross section. See comment 1. IFLO is set to one of the following 

1 flow to the north 5 flow to the northeast 
2 flow to the east 6 flow to the southeast 
3 flow to the south 7 flow to the southwest 
4 flow to the west 8 flow to the northwest 

If the output is desired from only one direction ~.e. without the discharge 
components from the other component flow directions), set IFLO as nega-
tive. IFLO is set to the following: 

-1 flow from south only -5 flow from southwest only 
-2 flow from west only -6 flow from northwest only 
-3 flow from north only -7 flow from northeast only 
-4 fl ow from east only -8 flow from southeast only 

1-NNOD Array of grid elements that constitute a given floodplain cross section (see 
comment 2 and 3). 

1 - 1,000 Number of floodplain elements in a given cross section. The selected cross 
section grid elements do not have to extend across the entire grid system. 
Only one grid element is necessary to constitute a floodplain cross section. 
The cross section can include a charmel element. If one of the floodplain 
cross section grid elements is a charmel element, the cross section discharge 
hydrograph reported in HYCROSS will include the charmel element dis-
charge. 

0 or 1 If NXPRT ::: 1, the eros section summary information including cross 
section discharge, average cross section velocity, width and depth will be 
repmted in the BASE. OUT file . 



Instructional Comments for the 

FPXSEC.DAT File 
1. The floodplain grid elements can be combined to define a cross section across 

a floodplain or alluvial fan. Each floodplain cross section is assessed flow 
discharge in only one Row direction given by IFLO. This direction includes 
the flow contribution from the two contiguous direction . The cross section 
routine can be used to isolate the result for a single element. The flow direc
tions and associated di charge components are as follows : 

2. 

3. 

CROSS SECTION FLOW DIRECTION DATA 

Selected Cro s Section Flow Direction 
Flow Direction Components added to the 

Cross Section Discharge 

north= 1 northeast 5 and northwest 8 

east= 2 northeast 5 and southeast 6 

south= 3 southeast 6 and southwest 7 

west= 4 southwest 7 and northwest 8 

northeast= 5 north 1 and east 2 

southeast= 6 east 2 and south 3 

southwest = 7 south 3 and west 4 

northwest= 8 west 4 and north 1 

For the diagonal flow directions (5 thru 8), the discharge for the grid element 
between the two diagonal corners will be added to the cross section total dis
charge for the selected Row direction. 

If a grid element is listed in more than one cross section, then the individual 
grid element hydrographs in the output file CRO Q .OUT will not be correct. 
Output data in the CROSSMA..,'CO T and HYCROSS.OUT files, however, 
will be correct. 

The floodplain cro section grid elements can be selected graphically with the 
GDS program. 

D ATA INPUT 
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FILE: BREACH.DAT D ATA INPUT 

DAM AND LEVEE BREACH DATA 

BREACH.DAT File Variables 

Line 1: IBR = 'Bl' IBREACHSEDEQN GBRATIO GWEIRCOEF GBREACHTIME 
Bl 4 2.0 2.95 0.50 

Line 2: IBR = 'Gl' GZU GZD GZC GCRES1WIDTH GCRESTLENGTH GBRBOTWIDMAX 
GBRTOP~DMAX GBRBOTTOMEL 

G 1 2.0 2.0 0. 5. 0. 0. 0. 1.5 

Line 3: IBR = 'G2' GDSOC GPORC GUWC GCNC GAFRC GCOHC GUNFCC 
G2 0. 0. 0. 0. 0. 0. 0. 

Line 4: IBR = 'G3' GDSOS GPORS GUWS GCNS GAFRS GCOHS GUNFCS 
G3 0.25 0.40 100. 0.06 30. 65. 0. 

Line 5: IBR = 'G4' GGRASSIENGTH GGRASSCOND GGRASSVMAXP GSEDCONMAX 
DSODF GUNFCDF 

G4 4. 1. 4. 0. 0. 0. 

Line 6: IBR = 'B2' IBREACHGRID IBREACHDIR 
B2 4015 7 

Line 7: IBR = 'Dl' ZU ZD ZC CRESTWIDTH CRESTLENGTH 
BRBOTWIDMAX BRTOPWIDMAX BRBOTTOMEL WEIRCOEF 

D l 2.0 2.0 0. 8. 0. 0. 0. 83.25 3.05 

Line 8: IBR = 'D2' DSOC PORC UWC CNC AFRC COHC UNFCC 
D2 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 

Line 9: IBR = 'D3' DSOS PORS UWS CNS AFRS COHS UNFCS 
D 3 0.25 0.40 100. 0.10 25. 100. 0. 

Line 10: IBR = 'D4' BRATIO GRASSLENGTH GRASSCOND GRASSVMAXP 
SEDCONMAX DSODF UNFCDF BREACHTIME 

D4 0. 0. 0. 0. 0. 0. 0. 

Line 11: IBR = 'F' FRAGCHAR(I) PRFAIL(I,J) PRDEPTH(I,J); 
I = number of levee fragility curves and J = number of points in each fragility curve 

F Sl 0.03 6.0 
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C HAPTER 4 
INPUT FILES 

FILE: BREACH.DAT 
DAM AND LEVEE BREACH DATA 

BREACH.DAT File Example 

!Notes: 
Line 1: Required for a sediment erosion breach 
Lines 2 - 5: Global data required to locate a breach. ot required for a prescribed 
breach location. 
Lines 6- 10: Optional data for prescribed breach location. Repeat these lines for 
each specified breach grid element. 
Line 10: Repeat this line for each fragility curve listing 

Bl 4.0 2.0 2.95 0.50 
G1 2.0 2.0 0. 5. 0. 0. 0. 3. 3.05 
G2 0. 0. 0. 0. 0. 0. 0. 
G3 0.25 0.40 100. 0.06 30. 100. 0. 
G4 1. 0. 0. 0. 0. 0. 0. 
B2 4015 7 
D1 2.0 2.0 0. 8. 0. 0. 0. 83.25 3.05 
D2 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 
D3 0.25 0.40 100. 0.10 25. 100. 0. 
D4 2. 0. 0. 0. 0. 0. 0. 0. 
F S1 0.03 6.0 
F S1 0.15 3.5 
F 1 0.50 2.5 
F S1 0.85 1.0 
F S1 0.95 0.0 
F S2 0.03 9.0 
F 2 0.15 5.5 
F S2 0.50 4.0 
F S2 0.85 2.0 
F 2 0.98 0.0 
F S3 0.03 12.0 
F S3 ... 

• 

• 

• 
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D ATA INPUT 

(s) Switch (i) = Integer variable (r) =Real variable (c) = Character 

VARIABLE FMT RANGE DESCRIPTION 

AFRC r 0- 50 Angle (degrees) of internal friction of the core material for failure of a spe-
cific grid element flow direction. 

Set AFRC = 0.0 for no core. 

AFRS r 0- 50 Angle (degrees) of internal friction of the shell material for failure of a spe-
cific grid element flow direction. 

BRATIO r 1 - 5 Ratio of the initial breach width to flow depth. See comment 2 and 3. 

BRBOTIOMEL r 0- 00 Initial breach or pipe bottom elevation (ft or m). See comments 5 and 6. 

BRBOTWIDiVIAX r 0- 00 Ma:wnum allowable breach bottom width (ft or m) as constrained by the 
valley cross section. 

Set BRBOT\XIIDWAX = 0.0 if the levee is continuous through adjoining 
grid elements (default= grid element octagon side) . 

BREACHTIME r 0- 00 The duration (hrs) that the levee erosion will initiate after the water surface 
exceeds the specified pipe elevation BRBOTIOMEL. set BREACHTIME 
= 0 if the level erosion begins immediately when pipe elevation is exceeded. 

BRTOP\'(IlDMAX r 0- 00 M~·ci.mum allowable breach top width (ft or m) as constrained by the valley 
cross section. 

Set BRTOPWIDMAX = 0.0 if the levee is continuous through adjoining 
grid elements (default= grid element octagon side). 

COHC r 0- 750 Cohesive strength ~b/ftl or N/m~ of the levee or darn core material. 

0-30,000 
If there is no core, COHC = 0. 

COHS r 0- 750 Cohesive strength Qb/ ftl or / m~ of the levee or dam shell material. 

0-30,000 
If there is no core, COHS = 0. 

c c r 0.02-0.25 Manning's n-value of the levee or dam core material. 

IfC C = 0., Manning's n-value for the core material will computed from 
Strickler's equation. 

IfC C > 1., the n-value will be computed from a Moody diagram (Darcy 

fvs. DJ . 

Set CNC = 0.0 for no core material . 
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CHAPTER 4 
INPUT FILES 

VARIABLE 

c 

CRE TLENGTH 

CRESTWIDTH 

DSOC 

DSO 

DSODF 

FRAGCHAR 

GAFRC 

GAFR 

GBRATIO 

FMT 

r 

r 

r 

r 

r 

r 

c 

r 

r 

r 

Variable D escriptions for the 

BREACH.DAT File 
(s) witch (i) =Integer variable (r) = Real varjable (c) = Character 

RANGE DESCRIPTION 

0.02-0.25 Manning's n-value of the levee or dam shell material. ee comment 4. 

If( = 0., Manning's n-value for the shell material will computed from 
Strickler's equation. 

IfC > 1., the n-value will be computed from a Moody diagram (Darcy 
fvs. DJ . 

0 - 00 Length of the crest of the levee or clam (ft or m). 

If CRESTLENGTH = 0., the crest length will default to the grid element 
octagon side. 

If crest length is greater than the grid element octagon side, it will be reset to 
the octagon side length. 

0- 00 Cre t width of the levee or clam (ft or m). The crest width can be zero. 

0.0625-2 Mean sediment size (0
50 

in mm) of the levee or dam core material. 

0.25- 10 Mean sediment size (0
50 

in mm) of the levee or clam shell material. 

1.0 - 100 Mean sediment size (0
50 

in mm) of the top one foot (0.3 m) of the clown-
stream face (riprap material). 

IfDSODF = 0.0, then DSODF = DSO . 

Sl, 52 ... Fragility curve ID. One letter and a number. For example: 
Sl is fragility curve 1 for the Sacramento River (see comment 
7). 

0- 50 Global angle (degrees) of internal friction of the core material for the entire 
levee or clam. 

et AFRC = 0.0 for no core. 

0- 50 Global angle (degree ) of internal friction of the shell material for the entire 
levee or clam. 

1 - 5 Global ratio of the initial breach width to Aow depth for an unspecified 
failure location. 

• 

• 

• 
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Variable Descriptions for the 

BREACH.DAT File 

D ATA INPUT 

(s) Switch (i) =Integer variable (r) = Real variable (c) =Character 

VARIABLE FMT RANGE DESCRIPTION 

GBRBOTIOMEL r 0- 00 Initial global breach or pipe bottom elevation (ft or m) for an unspecified 
failure location. 

If the model will locate the failure grid element instead of user specified fail-
ure location, then set GBRBOTIOMEL =distance below the dam or levee 
crest elevation (ft or m). In general, GBRBOTIOMEL be less than 10ft (3 
m) (see comments 1 and 6). 

GBRB01WIDMAX r 0- 00 Maximum allowable global breach bottom width (ft or m) as constrained by 
the valley cross section for an unspecified failure location. 

Set GBRBOT\VIDWA.t"'\ = 0.0 if the levee is continuous through adjoining 
grid elements (default= grid element octagon side). 

GBREACHTIME r 0- 00 The duration 01!5) that the levee erosion will initiate after the water surface 
exceeds the specified pipe elevation BRBOTIOMEL. set BREACHTIME 
= 0 if the level erosion begins in101ediately when pipe elevation is exceeded. 

GBRTOP\VJ.DMAX r 0- 00 Maximum allowable global breach top width (ft or m) as constrained by the 
valley cross section for an unspecified failure location. 

Set GBRTOP\'(fll)MAX = 0.0 if the levee is continuous through adjoining 
grid elements (default= grid element octagon side). 

GCOHC r 0 -750 Global cohesive strength Ob/frl or /m~ of the levee or dam core material 

0 -30,000 for an unspecified failure location. If there is no core, GCOHC = 0. 

GCOHS r 0 -750 Global cohesive strength Ob/ft2 or /m~ of the levee or dam shell material 

0 -30,000 for an unspecified failure location. 

If there is no core, GCOHS = 0. 

GC IC r 0.03 - 0.1 Global Manning's n-value of the levee or dam core material for an unspeci-
fied failure location. See comment 4. 

If GC IC = 0.0, Manning's n-value for the core material will computed from 
Strickler's equation. Results in a very low n-value. ot recommended. 

IfGC C > 1., then-value will be computed from a Moody diagram (Darcy 

fvs. DJ . 

SetGC C = 0.0 for no core material. 
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C HAPTER 4 
INPUT FILES 

VARIABLE 

GC 

GCRESTI.E GTH 

GCRES1\\7IDTH 

GDSOC 

GD50 

GDSODF 

GGRAS COND 

GGRAS LE GTH 

GGRA VMAXP 

FMT 

r 

r 

r 

r 

r 

r 

r 

r 

r 

Variable D escriptions for the 

BREACH.DAT File 
(s) Switch (i) = Integer variable (r) = Real ariable (c) = Character 

RANGE DESCRIPTION 

0.03- 0.1 Global 1anning's n-value of the levee or dam shell material for an unspeci-
fied failure location. See comment 4. 

If GC S = 0., Manning's n-value for the shell material will computed from 
trickier's equation. ot recommended. 

IfGC > 1., the n-value will be computed from a Moody diagram (Darcy 
fvs. D.J. 

0 - 00 Global crest length of the levee or dam (ft or m) for an unspecified failure 
location. 

IfGC 1LE GTH = 0.0, the crest length will default to the grid element 
octagon side. 

If crest length is greater than the grid element octagon side, it will be reset to 
the octagon ide lef\,oth. 

0- 00 Global crest width of the levee or dam (ft or m) for an unspecified failure 
location. The crest width can be zero. 

0.0625 -2 Mean sediment size (D
50 

in mm) of the levee or dam core materiaL 

0.25 - 10 Mean sediment size (D50 in mm) of the levee or dam shell material. 

1 - 100 Mean sediment size (D
50 

in mm) of the top one foot (0.3 m) of the down-
stream face (riprap material). 

If GDSODF = 0.0, then GDSODF = GD50 . 

0 - 1 Global condition of the grass on the downstream face of the levee or dam 
for an unspecified failure location. 

0.0 for a poor stand or no grass;l.O for a good stand of grass. 

0 - 10 Global average length of grass (inches or mm) on downstream face for an 
unspecified failure location. 

Set GGRASSLENGTH = 0.0 for no grass on downstream face. 

3- 6 Global maximum permissible veloci ty (fps or mps) for a grass-lined down-

1 -2 srrean1 face before the grass is eroded for an unspecified failure location. 
Range: 3 to 6 fps (1 to 2 mps). 

If no grass, set GGRASSVMAXP = 0.0. 

• 

• 

• 
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D ATA INPUT 

(s) Switch (i) =Integer variable (r) = Real variable (c) =Character 

VARIABLE FMT RANGE DESCRIPTION 

GPORC r 0.35-0.45 Global porosity of the levee or dam core material for an unspecified failure 
location. Typical range: 0.35 to 0.45. 

Set GPORC = 0.0 for no core material. 

GPORS r 0.35-0.45 Global porosity of the levee or dam shell material for an unspecified failure 
location. Typical range: 0.35 to 0.45. 

GRASSCOND r 0- 1 Condition of the grass on the downstream face of the levee or dam for a 
prescribed failure location. 

0.0 for a poor stand or no grass; 1.0 for a good stand of grass. 

GRASSLE GTH r 0 - 1 Average length of grass (inches or mm) on downstream face for a prescribed 
0 -25 failure loca cion. 

SetGRASSLE GTH = 0.0 for no grass on downstream face. 

GRASSVMA.,\.'P r 3-6 Ma,'limum permissible velocity (fps or mps) for a grass-lined downstrean1 
1 -2 face before the grass is eroded for a prescribed failure location. Range: 3 to 

6 fps (1 to 2 mps). 

If no grass, set GRASSVMAXP = 0.0. 

GSEDCOr Mfu'{ r 0.2 - 0.55 Global ma,'limum sediment concentration by volume in the breach discharge 
for an unspecified failure location. Typical range = 0.2 to 0.55. 

If GSEDCONMAX = 0.0, a default value of 0.5 is used. 

GUNFCC r 1- 20 Global sediment gradient, ratio of D 
90 

to D 
30 

of the levee or dam core mate-
rial for an unspecified failure location. 

If there is no core material, set G FCC= 0.0. 

If the there is core material and GU FCC= 0.0, it is reset to 10.0. 

G FCDF r 1- 20 Global sediment gradient, ratio of D
90 

to D
30 

of the downstream face upper 
one foot of material (riprap) for an unspecified failure location. 

If GUNFCDF = 0.0: GUNDFCDF = GUNFCS when GD50DF = 0.0 

And GUNDFCDF = 3.0 when GD50DF > 0.0. 
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VARIABLE 

G FCS 

GU\VC 

GU\VS 

G\.'V'EIRCOEF 

GZC 

GZD 

GZU 

IBR 

FMT 

r 

r 

r 

r 

r 

r 

r 

c 

Variable D escriptions for the 

BREACH.DAT File 
(s) witch (i) =Integer variable (r) = Real variable (c) = Character 

RANGE DESCRIPTION 

1 -20 Global sediment gradient, ratio ofDro to D
30 

of the levee or dam shell mate-
rial for an unspecified failure location. 

If GUNFCS = 0.0, the default value is 10.0. 

85- 120 Global unit weight Qbl ft3 or I I m~ of the levee or dam core material for an 

13,500 -
unspecified failure location. 

19,000 Set GU\VC = 0.0 if there no core. 

85- 120 Global unit weight Qblftl or I m~ of the levee or dam shell material for an 

13,500 -
unspecified failure location. 

19,000 

2.85- 3.05 Global weir coefficient for piping or breach channel weir for an un pecified 
failure location. Typical range: 2.85 - 3.05. 

0.1 - 10 Global average slope of the upstream and downstream face of the levee or 
dam core material for an unspecified failure location. GZC is expressed as a 
ratio of the GZC (horizontal:l (vertical). 

For exan1ple: GZC = 2.0 represents 2.0 horizontal to 1.0 vertical. 

If there is no core set GZC = 0.0 

0.1 -10 Global slope of the downstream face of the levee or dam for an unspeci-
fied failure location. GZD is e:-.Fessed as a ratio of the GZD (horizontal 
: vertical). 

For example: GZD = 2.0 represents 2.0 horizontal to 1.0 vertical. 

0.1 - 10 Global slope of the upstream face of the levee or dam for an unspecified 
failure location. GZU is expressed as a ratio of the GZU (horizontal : verti-
cal). 

For exan1ple: GZU = 2.0 represents 2.0 horizontal to 1.0 vertical. 

B, D1 , D2, Character line identifier 
D3 , D4, 

'G1-G4' =global data 
G1, G2, G3, 

G4orF 
'B' =grid element and direction data; and 
'D1 -D4' =individual prescribed grid element breach data. 
'F' = fr~oility curve data 
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D ATA INPUT 

(s) Switch (i) == Integer variable (r) == Real variable (c) = Character 

VARIABLE FMT RANGE DESCRIPTION 

IBREACHDIR i 1 - 8 Direction of the speci1ied breach failure in a given grid element The pos-
sible flow directions are: 

1 =north 5 = northeast 
2 = east 6 = southeast 
3 =south 7 = southwest 
4 =west 8 = northwest 

IBREACHGRID i 1-NNOD Grid element of the speci1ied breach failure location. See comment 8. 

IBREACHSEDEQN i 1- 11 Sediment transport equation that is used to compute the 
breach erosion. Out of eleven transport equations in FLO-
2D only Tofaletti and MPM-Woo are not available. See the 
list of sediment tranport equation numbers in SED.DAT. 

PORC r 0.35-0.45 Porosity of the levee or dam core material for a prescribed grid element 
failure location. 

Set GPORC = 0.0 for no core material. 

PORS r 0.35-0.45 Porosity of the levee or dam shell material for an prescribed grid element 
failure location. 

PRDEPTH r 0.0- Levee Point of failure on the levee as defined by the distance or 
Crest height below the levee crest (likely failure point according to 

H eight the Corps of Engineers definition). Assigned with a corre-
sponding fragility curve failure probability PRF AIL. 

PRFAIL r 0.0- 1.0 Levee fragility curve point of failure probability. Range: 0.0 
to 1.0 where 80% indicates a higher probability of levee fail-
ure corresponding to a higher elevation on the levee (see the 
levee fragility curve discussion in the FL0-2D Reference 
Manual) . A low value of 10% would indicate a weak levee 
corresponding to a levee piping failure initial when the water 
surface elevation is close to the toe of the levee. 

SEDCO lJv1JL'C r 0.20-0.55 Maximum sediment concentration by volume in the breach discharge for a 
prescribed grid element failure location. Typical range= 0.2 to 0.55. 

IfSEDCONMA.,"'{ = 0.0, a default value ofO.S is used. 
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VARIABLE 

UNFCC 

FCDF 

FCS 

'\ c 

':(/ 

\VEIRCOEF 

zc 

ZD 

FMT 

r 

r 

r 

r 

r 

r 

r 

r 

Variable D escriptions for the 

BREACH.DAT File 
(s) Switch (i) =Integer variable (r) = Real variable (c) = Character 

RANGE DESCRIPTION 

1 - 20 Sediment gradient, ratio ofD
90 

to D
30

of thelevee or dam core material for a 
prescribed grid element failure location. 

If there is no core material, set FCC= 0.0. 

If the there is core material and UNFCC = 0.0, it is reset to 1 0.0. 

1 - 20 Sediment gradient, ratio of D
90 

to D
30 

of the downstream face upper one 
foot of material (riprap) for a prescribed grid element failure location. 

If FCDF= 0.0: DFCDF = FCS when DSODF = 0.0 

And UNDFCDF = 3.0 when D50DF > 0.0. 

1 - 20 edimentgradient, ratio ofD90 to D30 of the levee or dam shell material for 
a pre cribed grid element failure location. 

If UNFCS = 0.0, the default value is 1 0.0. 

85-120 Unit weight ~b/ft3 or / m~ of the levee or dam core material for a pre-

13,500 -
scribed grid element failure location. 

19,000 Set U\VC = 0.0 if there no core. 

85 - 120 Unit weight ~b/ft' or /m~ of the levee or dam shell material for a pre-

13,500 -
scribed grid element failure location. 

19,000 

2.85 -3.05 Weir coefficient for piping or breach channel weir for a prescribed grid ele-
ment failure loc.1tion. Typical range: 2.85- 3.05. 

0.1 - 10 Average slope of the upstream and downstream face of the levee or dan1 
core material for a prescribed failure location. ZC is expressed as a ratio of 
the ZC (horizontal : vertical). 

For example: ZC = 2.0 represents 2.0 horizontal to 1.0 verticaL 

If there is no core set ZC = 0. 

0.1 - 10 lope of the downstream face of the levee or dam for a prescribed grid 
element failure location. ZD is expres ed as a ratio of the ZD (horizontal 
: vertical). 

For example: ZD = 2.0 represents 2.0 horizontal to 1.0 vertical. 
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D ATA INPUT 

(s) Switch (i) = Integer variable (r) = Real variable (c) =Character 

VARIABLE FMT RANGE DESCRIPTION 

z r 0.1 - 10 Slope of the upstream face of the levee or dam for a prescribed grid element 
failure location. ZU is e:-:pressed as a ratio of the ZU (horizontal : vertical). 

For example: ZU = 2.0 represents 2.0 horizontal to 1.0 vertical . 
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Instructional Comments for the 

BREACH.DAT File 

1. You have the choice of identifying a breach location or letting the model deter
mine the breach location by water surface elevation. If you assign the breach 
location, it is necessary to provide all the lines of data in the BRE CH.DAT 
file. If you allow the model to locate all the potential breach locations by the 
water surface elevation, then it is only necessary assign the global parameters 
in lines 1-4. In addition, set GBRBOTTO ffiL =vertical distance (ft or m) 
below the levee or dam crest elevation. If the water surface elevation exceeds 
the elevation of the crest- GBRBOTTOMEL, then a levee piping failure will 
be initiated. You can prescribe one or more breach locations and permit the 
model to determine any other potential breach locations by setting GBBOT
TOMEL to value less than about 10ft (3m) below the crest elevation. 

2. Initial breach width to depth ratio (BRATIO)- if the assigned breach width to 
depth ration is 0., then BRA TIO = 2. 

3. The initial piping width and depth is assumed to be 0.5 ft (0.15 m). 

4. The minimum and maximum Manning's n-value permitted for the breach flow 
resistance are 0.02 and 0.25, respectively. 

5. The downstream pipe outlet at the toe of the dam or levee i the grid element 
floodplain elevation plus 1 ft (0.3 m). 

6. Breach discharge is computed if the upstream water surface elevation exceeds 
the upstream breach pipe or channel bottom elevation plus the tolerance value 
(fOL- 0.1 ft or 0.3 m). 

7. The levee fragility cmve ID is only one letter (e.g. S) and a number (e.g. 3) and 
the data line begins with ID character 'F'. The levee fragility curve assignment 
to the levee grid element i assigned in the LEVEE.DA T file. 

8. If Line 2 begins with G 1, a global breach simulation is initiated to locate the 
potential breach based on the water surface elevation. If Line 2 has a B2 identi
fier, the a prescribed breach location will be simulated as defined by the breach 
element and direction in Line B2 (global breach data is not required) 

• 

• 
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FILE: FPFROUDE.DAT 
FLOODPLAIN LIMITING FROUDE NUMBERS 

FPFROUDE.DAT File Variables 

Line 1: IFR = 'F' I FPFROUDE (I = 1, NNOD) 
F 1 0.65 

F 1 0.65 
F 2 0.88 
F 3 0.90 
F 43 0.90 
F 54 0.90 
F 56 1.05 
F 107 0.90 
F 108 0.90 

FPFROUDE.DAT File Example 
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INPUT FILES 

ons for the • 
FPFROUDE.D AT File 

(s) witch (i) = Integer variable (r) = R eal variable (c) = Character 

VARIABLE FMT RANGE DESCRIPTION 

IFR i 1 -N OD Grid element number (I) of the fl oodplain grid system. 

Ifr c F Character Line Identifier = 'F' 

FPFROUDE r 0.1-2 Floodplain limiting Froude number. 

• 

• 
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• FILE: SWMMFLO.DAT 
STORM DRAIN DATA FILE 

SWMMFLO.DAT File Variables 

Line 1: SWMMCHAR = 'D' SWMM_JT(I) IN1YPE(I) SWMMlength(I) SWMMwidth(I) 
SWMMheight(I) SWMMcoeff(I) FLAPGATE(I) 

D 14292 2 13 1 0.4167 2.3 0 
Line 2: SWMMCHAR = 'N' DEPTHSWMMRTG,K) QSWMMRTG,K) 

0.0 0.0 

I = number of storm drain inlet nodes. 
J = number of storm drain inlets with a rating table. 
K= number of rating table pairs. 

otes: 

• Line 1: IF I TYPE(I) = 4, add line 2 for the rating table. 

SWMMFLO.DAT File Example 

D 14292 2 13 1 0.4167 2.3 0 
D 14481 2 13 1 0.4167 2.3 0 
D 13785 2 20 1 0.4167 2.3 0 
D 14156 4 0. 0. 0.0 0.0 0 
N 0.0 0.0 

1.0 2.1 
2.0 5.8 
5.0 25.1 

D 14156 3 11 7 0.5 3.0 0 
D 14156 3 86.510.75 0.5 3.0 0 

141 

D ATA INPUT 



142 

C HAPTER 4 
INPUT FILES 

VARIABLE 

DEPTH \VMMRT 

DEPTHS\'<'NIMRTQ ,K) 

FLAPGATE(I) 

I TYPE (I) 

QSWMMRT 

QSWMMRTQ,I 

SWMJvlCH.AR 

S\~coeff(I) 

SWMJvlheight(I) 

SWMM_JT(I) 

SWMNilength(I) 

SWMMwidth(I) 

FMT 

r 

r 

i 

i 

r 

r 

c 

r 

r 

i 

r 

r 

Variable D escriptions for the 

SWMMFLO.DAT File 
(s) witch (i) =Integer variable (r) =Real variable (c) = Character 

RANGE DESCRIPTION 

0- 00 Flow depth (ft or m) above the storm drain inlet grate. 

0- 00 Array of Row depths for the discharge rating table pairs. 

0 or 1 Flapgate switch (0 no flap gate, 1 A.apgate). A Rap gate 
only allows Row out of the outflow node. o inflow. ee 
comment 2. 

1-4 Type of storm drain inlets. See comment 1. 

0- 00 Discharge (cfs or ems) for the storm inlet rating table. 

0- 00 Array of discharge values for the storm drain inlet rating 
table. 

D,N Character line identifier for the WMM model inlets. 

2.50-3.50 Array of storm drain inlet weir discharge coefficients. 

0.0-2.0 Array of storm drain curb opening heights (typically less 
than 1 ft). For type 3 grate (gutter) inlets, SWMJvlheight = 
grate sag height. 

1 - N OD Array of grid elements with torm drain inlets. 

0.01- 00 Array of storm drain inlet curb opening length along the 
curb. For type 3 grate (gu tter) inlets, S\'<lMM.length = grate 
wetter perimeter. 

0- 00 Array of storm drain inlet curb opening widths. For type 3 
grate (gutter) inlets, SWMM:width =grate opening area . 

---- -- ---- - - - --

• 

• 

• 
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Instructional Comments for the 

SWMMFLO.D AT File 

1. The SWMMFLO.DAT file is automatically generated by GD S using the 
SWMM.inp file data to locate the inlet position and transfer it to the FL0-2D 
grid system. In the SWMMFLO.DAT file there are three storm drain inlet 
options: 

1) Curb Opening Inlet at Grade (Type 1) 
2) Curb Opening Inlet Depressed or Sag (Type 2) 
3) Grate (Gutter) Inlet (at Grade or D epressed -Type 3) 

The storm drain inlet data requirements are: 

Type 1 - Curb Opening Inlet at Grade 
Weir coefficient: 2.85 - 3.30 (suggested 3.00 English, 1.6 metric) 
Curb Opening Length 
Curb Opening Height 

Type 2 - Curb Opening Inlet with Sag 
Weir coefficient: 2.30 (1.25 metric) 
Curb Opening Length 
Curb Opening Height 
Curb Opening Sag Width 

Type 3 - Grate (Gutter) Inlet with/without Sag 
Weir coefficient: 2.85- 3.30 (suggested 3.00 English, 1.6 metric) 
Grate Perimeter (not including curb side) 
Grate open area 
Grate sag height (zero for at grade) 

Type 4 - Variable storm drain inlet geometry. 
Weir coefficient: ot Required 
The storm drain inlet rating table (line n with depth and discharge pairs) 
is required. 

ote: Orifice Aow coefficient = 0.67 (hardwired) for all cases. 
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Width Weir Coeff 

X 1 X 0 X 2.85- 3.20 

X 2 X X X 2.3 

X 3 X X X 2.85- 3.20 
wetted clear area sag 

ter 

where X represents a variable number to be entered by the u er. 

2. Flapgates on storm drain outlets prohibit the water from flow upstream into tl1e 
storm drain pipe system. Typically Aapgates are used on storm drain outlets into 
detention basins or channels. 

• 

• 
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CHAPTER 5 

OuTPUT FILES AND OPTIONs 

5.1 B Asic G uiDELINEs FOR UsiNG O uTPuT FILES 

During the flood simulation, the user has two choices for viewing the model flood 
progression: 1) An output text screen; or 2) A graphical representation of the flood 
simulation. The screen option is selected with the LGPLOT variable in the CO T. 
DA T file. The text screen scrolls a list of the simulation time, minimum time step 
and the volume conservation data. This screen enables the user to view the simula
tion runtime speed and the numerical stability of the run . The second screen option 
is a color graphics display of the grid element maximum A ow depth (area of inunda
tion) along with the inflow hydrograph. After the flood simulation is complete, the 
hydraulic results are presented in output files that contain hydrographs, maximum 
Bow depths and velocities. 

The conservation of flood volume (inflow equals outflow plus storage) should be 
reviewed with each simulation. A summary of the inflow volume, final volumes left 
on the floodplain (storage) and outflow from the grid system is presented in the 
SU fMARY.OUT file. If the inAow does not equal the outAow plus final storage 
within a fraction of one percent, there is problem with the simulation. 

Options are available to create output files with either a spatial or temporal format. 
Output files that have substantial detail involving all the timesteps (temporal out
put) or all the grid elements (spatial output) can be generated. Some output files 
are designed for a sin1ple review of specific flow hydraulics. Output data include 
water surface elevation, flow depth, velocity, discharge, impact pressure, specific 
energy, sediment concentration and other variables. Overland flow hydraulics may 
be viewed as individual grid elements or the grid elements can be grouped together 

145 



146 

C HAPTER 5 
O uTPUT FJLEs 

Hint: 
Each time a model is run 
from a specific project 
folder, all of the •.OUT 
files arc rewritten. To 
save the model results 
from a simulation either 
make cop ies of the out
put files or copy the data 
files to a new p roject 
folder and run the model 
fro m it. 

to produce floodplain cross sections. Summary table listing maximum velocity and 
flow depths and their times of occurrence appear near the end of the BASE. OUT 
file. You can specify which type of output you want using the CO T.D AT file. 
Review the CO T.D AT file description in Chapter 4 for more information about 
specifying output file formats. 

The user is cautioned about specifying the output in too much det.ow which can re
sult in extremely large output files. The output time interval TOUT and OPRTFP 
options in the CO T.D T file can be assigned to limit the size of the output files. 
When OPRTFP i set to 0, all the floodplain output data is written to the BASE. 
0 T file for each output interval . Setting OPRTFP = 2 will turn off all of the 
temporal floodplain hydraulic output data. 

The user doe not have to specify any output file names. Simply clicking on the run 
model commands in the GDS menus or double clicking on FLO.EXE in Explorer 
runs the model and produces the output files . It is important to note that each time 
FL0-2D is run, it will write over the existing output files and the previous output 
file data will be lost. To save any output files in anticipation of subsequent FL0-2D 
runs, the user must move them to another subdirectory. 

5.2 O u TPUT F ILE D ESCRIPTIONS AND OPTro s 

Use WordPad0 or any other A CII editor to view the o utput files. A brief descrip
tion of all the output files follows: 

BASE. OUT 

B E. OUT is an all enclusive output file . At the beginning of the file, the 
inflow hydrographs are printed, then the time dependent output data fol
lows. For each specified time output interval, the flow depth, velocity, wa
ter surface elevation and discharge for either the channel or the floodplain 
grid elements can be written. The user will probably have little interest in 
the floodplain hydrauJjcs for the individual grid elements and this portion 
of the file should be turned off for most applications (set OPRTFP = 
2). The outflow from the boundary grid elements is listed at the end of the 
time interval. fter the final time output interval, a smnmary of all the grid 
elements maximum depths, water surface elevations, velocities and the time 
of occurrence of the maximum values is printed. Finally, a summary table 
of the inflow, outflow and storage volumes at the end of the file allows the 
user to review the conservation of mass and the ultimate disposition of all 
the water and sediment. For convenience, this conservation table is also 
written to a separate file named UM1v1ARY.OUT. There is so much out
put data in the BA E . OUT file that the user is encouraged to review all the 
various data output options before starting a flood simulation. 

• 

• 
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• BINARY FILES 

The following binary backup files are generated when !BACKUP = 1. 

These files are used to restart model after termination (either interrupted 
simulation or end of the simulation). 

BREACH. OUT 

CHANBI ARYOUT 
CROSSBI RYOUT 
FPLAI BI TARYOUT 
HYSTRUCBI ARYOUT 
SEDBI ARYOUT 
ST ETBINARYOUT 
VOLUMEBINARYOUT 

XSECSEDBI ARYOUT 

This file is generated when the breach routine is activated for dams or 
levees. This output @e lists the breach water and sediment discharge, con
centration by volume, breach bottom width and elevation as function of 
the output interval for every grid element and direction in which a levee 
has breached. 

• CHANBANKELCHK 

• 

When the bank elevations prescribed in the CHAN.DAT do not match the 
corresponding floodplain grid element elevations, the difference in eleva
tion is reported in this file. If d1e difference between the channel bank 
elevation and the floodplain grid element elevation exceeds 1 ft (0.3 m), d1e 
model reports it in dus file. If the 1 ft (0.3 m) limit is exceeded during the 
simulation, the model assumes that the bank elevation is more accurate and 
resets the floodplain elevation to ili.e cross section top-of-bank elevation. 

CHANMAX.OUT 

The maximum discharge and stage for each channel element and the cor
responding time of occurrence is written to dus file. For mudflows, this 
file will also list ilie maximum sediment concentration and the time of oc-
currence. 

CHANNELCHK 

When the channel cross section width exceeds the grid element width, the 
cross section extends into neighboring elements. This file provides a list of 
all channel extensions iliat are required by a cross section . 
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CHAN.RGH 

CHA .RGH contains a replica of the CHAN.DAT file with the updated 
Mannino-'s n-value changes. The maximum and final Manning's n-values 
changes are reported in the RO GH.OUT file . To accept the changes to 
Manning's n-values, CHAN.RGH can then be renamed to CHAN.DAT for 
the next FL0-2D flood simulation. This automates the spatial adjustment 
of n-values for channel elements that exceed the limiting Fronde number. 

CHANSEDSIZE. OUT 

The initial and final sediment size distribution by channel element is written 
to this file . 

CHANSTABILTY. OUT 

This output file lists the channel grid elements that experienced significant 
gains or losses of flow volume (0.1 af or 100m3

). These channel grid ele
ments may have volume conservation stability problems that could be relat
ed to surging, poorly matched roughness, slope and cross section geometry 

• 

or abrupt changes in cross section geometry. When the channel volume • 
conservation for a simulation is not satisfactory, review this output file . 

CHANWS.OUT 

This output file list channel grid element, x-coordinate, y-coordinate and 
ma..'illnum channel water surface elevation. 

CHNBEDEL. OUT 

The channel grid element number and the final channel bed elevation are 
presented in this file. 

CHVOLUME.OUT 

The channel volume distribution is listed in this output file including chan
nel inflow, channel outflow, overbank flow, return flow from the floodplain 
and infiltration and channel storage. Review this file along with the SUM
MARY.OUT to determine if the channel A ow volume is being consenred. 

CONFLUE CE.OUT 

This file lists the channel elements that constitute a confluence as defined 
by having three or more channel elements contiguous to a gi en channel 
element. • 



r------ - - - -------- ~~ - - - --~- - --------
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CROSSMAX.OUT 

When the floodplain cross section analysis is requested by creating the 
FPXSEC.DAT file, the CROSSMA.'C.OUT is created. This 1ile lists the 
maximum discharge, maximum flow depth and time of occurrence for each 
grid element speci£ed in the cross section analysis. 

CROSSQ.OUT 

This file contains the grid element hydrographs for each of the floodplain 
elements in the cross section. The time and discharge are listed for each 
output interval. 

DEPTH. OUT and Related Flmv Depth Output Files 

A series of 1iles are created by FL0-2D in the format: grid element num
ber, x- and y-coordinates, and the maximum flow depth. These 1iles can be 
viewed with MAXPLOT or MAPPER++ programs or they can be import
ed to a CADD or GIS program to create maximum flood depth contours. 
The following output 1iles are created: 

CHNBEDEL.OUT- Channel bed elevations 

DEPCH.OUT - Maximum channel flow depths 

DEPCHFINAL.OUT - Final channel flow depths at the end of the 
simulation 

DEPFP.OUT- Maximum floodplain flow depths 

DEPTH.OUT- Maximum combined channel/floodplain flow depths 

DEPTHTOL.OUT- Maximum combined channel and floodplain flow 
depths greater than the TOL value. Values less than the TOL value are set to 
zero. This 1ile has the following format: x- and y- coordinates, and maxi-
mum flow depth. o grid element numbers are included. 

FINALDEP.OUT- Final floodplain flow depths. 

INTERGWS.OUT - Maximmn floodplain water surface elevations 
based on the original grid element elevation in the TOPO.ORI 1ile. Values 
less than TOL are set to zero. Only grid element and maximum water sur-
face are listed. o coordinates are included. 

DEPTHDUROUT and DEPTHDUR2.0UT 

DEPTHDUR.OUT contains the floodplain inundation duration data in
cluding the grid element number, grid element x- andy-coordinates and du
ration of inundation in hours. The selected depth of inundation for which 
the duration (brs) is computed is listed at the top of the file. DEPTH
DUR2.0UT is identical to DEPTHDUR.OUT but for a hardwired depth 
of 2ft. 
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ERRORCHK 

The ERROR.CHK file contains input data error comments when the pro
gram terminates prior to the hydraulic computations. Some input data er
rors that are encountered at execution time are not listed in this file. The 
backup data files (*.BAC) should be reviewed with this file to determine 
if the input data is being read properly at mntime. When a simulation ter
minates immediately after being started, check this file first for data input 
errors. 

FLOOD TIME. OUT 

This file has contains the following output: 

ode X-coord Y-coord Floodwave Arrival Time Flood Time Peak 
Time D eflood Time Max WS 

Each grid element is assigned a specific value of the above parameters at 
the end of the simulation. The maximum values are tracked during the 
simulation on a computational timestep basis. The following parameter 
definitions are used: 

Floodn;ave Arrival Time: Time in hours from when the breach discharge 
exceeds 0.01 cfs or ems to when the floodplain grid element flow depth 
exceeds 0.1 ft or 0.3 m. If the grid element has a channel assignment, the 
time when the channel flow depth becomes one foot higher than the base 
flow (when breach discharge > 0.01 cfs or ems) is reported. 

Flood Time: Time (hours) from when the breach discharge exceeds 0.01 ( cfs 
or ems) to when a given grid element flow depth exceeds 0.5 ft or 0.15 m 
on the floodplain. If the grid element has a channel assignment, the time to 
when the flow exceeds the lowest top of bank is reported. 

Peak Time: Tin1e (hours) from when the breach discharge exceeds 0.01 (cfs 
or ems) to when a given grid element A ow depth reaches a maximum depth. 
If the grid element has a channel assignment, the time to when the channel 
flow reaches a maximum depth is reported. 

Deflood Time: Time (hours) from when the flood arrives at a grid element 
(flow depth exceeds 0.5 ft or 0.15m) to the time when the flood recedes to a 
depth lower than 0.5 ft or 0.15 m. If the grid element has a channel assign
ment, the Deflood Time is the time recorded from when the channel flow 
goes overbank for the lowest top of bank to when water surface recedes to 
below that lowest top of bank elevation. 

Max TVS: The maximum water surface elevation for a given floodplain 
grid element is reported. If a channel is assigned to the grid element, the 
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maximum water surface elevation for either the channel or the floodplain 

is reported. 

FLOODLV'AYOUT 

FLOOD WAY.OUT is written when IFLOODWAY = 0. This file lists the 
grid element and the ma-"X.imum floodplain water surface elevation. Follow
ing the base flood simulation in which FLOOD WAY.OUT is written, the 
then user sets IFLOODWAY = 1 and assigns a value forE CROACH in 
CO T.D AT. For a floodway simulation, the model reads FLOOD WAY. 
OUT and does not share discharge between floodplain elements until the 
computed water surface in FLOOD WA Y.OUT plus the E CROACH 
value is exceeded for a given grid element. 

FPINFILTRATIO .OUT 

The total infiltration (ft or m) at the end of the simulation for each flood
plain element is written to this @e with grid element x- and y-coordinates. 

FPLAIN.RGH 

This @e contains the final Manning's n-value changes for the floodplain 

• 

grid elements. The maximum and final Manning's n-values are reported in • 
the RO GH.OUT. If the changes are acceptable, FPLA .RGH can be 
renamed to FPLAI .DAT for the next FL0-2D flood simulation. This 
automates the spatial adjustment of n-values for floodplain elements that 
exceed the limiting Froude number. 

FPSEDSIZE.OUT 

The initial and final sediment size distribution for the floodplain grid ele
ment is written to this @e. 

HYCHAN.OUT 

This channel hydraulics output @e contains a hydrograph for each chan
nel element and includes the time, elevation, depth, velocity, discharge and 
sediment concentration. The maximum discharge and stage are also listed 
with their times of occurrence. Additional channel flow hydraulic and ge
ometry parameters listed in the output @e include: flow area, hydraulic 
radius, wetted perimeter, top width, width-to-depth ratio, energy slope, and 
bed shear stress. 

• 



• 

• 

• 

HYCROSS.OUT 

The output interval time, top width, depth, velocity and discharge are listed 
for each cross section. The discharge passing the cross section of grid ele
ments is compiled as a hydrograph. The cross section maximum discharge 
and the individual grid elements are written to the CROSSMAX.OUT file. 

HYDROSTRUCI.OUT 

The discharge hydrograph from any hydraulic structure is presented in this 
output file. 

HYSTREET.OUT 

If a floodplain cross section coincides with a street, the street Row hydro
graph for the grid element that is coincidental to the street and the cross 
section will be recorded in this file. 

IMPACT. OUT 

This file displays the impact force per linear foot of structure on the Rood
plain. The data is presented by grid element number, coordinates and force 
per linear foot or meter . 

INFIUIY. OUT 

The hydraulic conductivities are listed in this file to view the spatial varia
tion. This file contains grid element number, x- and y-coordinates and 
floodplain hydraulic conductivity. 

INTERGWS. OUT 

Maximum floodplain water surface elevations based on the grid element 
elevation in the TOPO.ORI. Values less than TOL are set to zero. Only 
grid elements and maximum water surface elevations are listed; no coordi
nates are included. 

LEVEE. OUT 

The LEVEE. OUT file contains a list of the grid elements with a levee that 
failed. Failure width, failure elevation, discharge from the levee breach and 
the time of failure occurrence are listed. 

LEVEEDEFIC. OUT 

The levee freeboard deficit is listed in this file. Five levels of freeboard 
deficit are reported: 
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0 = freeboard > 3 ft (0.9 m) 
1 = 2 ft (0.6 m) < freeboard < 3 ft (0.9 m) 
2 = 1 ft (0.3 m) < freeboard < 2 ft (0.6 m) 
3 = freeboard < 1 ft (0.3 m) 
4 =levee is overtopped by flow. 

LEVOVERTOP.O T 

The discharge hydrograph overtopping the levee within the grid element 
is reported in this file. All the levee grid elements being overtopped are 
reported. The discharge is combined for all the potential levee overtopping 
directions for the grid element. 

MAXQBYDIROUT 

This output file lists the ma.'C.imum floodplain grid element discharge by the 
eight flow directions and the time of occurrence. 

MAXQJ-fl?[). 0 UT 

This output file lists the maximum floodplain grid element discharge and 
the associated hydraulics including the maximum discharge flow direction, 

• 

water surface elevation, flow depth, velocity, and the maximum resolved • 
discharge and the corresponding flow direction. 

lvfAXQRESOLVED.OUT 

The ma."imum discharge resolved by flow direction listed for all eight flow 
directions regardless of the time of occurrence are reported to this file . 
The resolved flow direction maximum discharge includes the sum of the 
primary flow direction and the two diagonal flow directions. 

MAXWSELEVOUT 

Similar to DEPTH. UT, this file contains grid element number, x-coordi
nate, y-coordinate, and the ma.~um water surface elevation of either the 
floodplain or channel. 

MULTCHN.OUT 

The multiple channel routine routes the overland flow between grid ele
ments as concentrated channel flow (i.e. rill and gully flow). For grid ele
ments specified for multiple channel flow, overland flow only occurs within 
d1e grid element and the flow between the elements is conveyed as gully 
flow. Once the flow enters the multiple channels, the channel will enlarge 
to contain the flow. This occurs when the flow depth exceeds d1e specified 
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28 
29 
31 
55 
56 
57 
58 
59 
85 

channel depth. The channel increases by a specified incremental width. Af
ter the peak discharge has passed and the flow depth is less than one foot, 
the channel width will decrease until it reaches the original width. MUL
TCH .0 T identifies multiple channel revisions including the maximum 
width, final width and the original width for each grid element. The file has 
the following format: 

MULTCHN.OUT File Example 

MULTIPLE CHAN EL WIDTH REVISIO s 
Max Width Final Width Orig. Width 

425. 384. 50. 
114. 20. 20. 
169. 89. 20. 
15. 5. 5. 

218. 13. 10. 
181. 10. 10. 
92. 10. 10. 
41. 10. 10. 
50. 5. 5. 

437. 117. 5. 

OUTNQ.OUT 

The OUTNQ.OUT file contains a summary of the maximum discharge, 
time of peak and the discharge hydrograph for each floodplain outfl ow 
element. 

OVERBANK. OUT 

When the flow exceeds bankfull discharge and begins to inundate the flood
plain, d1e channel grid element and time of overbank flood occurrence are 
written to this file. 

REVISED_RATI G_TABLE.OUT 

This file reports suggested revisions to hydraulic structure rating tables 
based on the inflow discharge to the hydraulic structure inlet floodplain or 
channel element. These revisions are usually the result of the rating table 
being created with low n-values in a HEC-RAS model or because the rating 
table has insufficient low depd1 stage-discharge pairs. 
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ROUGH. OUT 

The ROUGH. OUT file tracks the changes in the Manning's n-values. The 
user specifies a ma..""Zimum Froude number for overland, channel and street 
A ow. When the computed Froude number exceeds the specified maximum 
value for a given grid element, then-value for that grid element is increased 
by 0.001. D uring the falling Limb of the hydrograph when the Froude num
ber drops below 0.5, then-value is decrea ed by 0.0005 until the original n
value is reached. The maximum, final and original n-values for Aoodplain, 
channel and street are listed in ROUGH.O T by grid element. A portion 
of a ROUGH.O T file follows: 

SURFAREA.OUT File Example 

TABLE OF GRID ELEMENT SURFACE AREAS 

UNMODIFIED GRID ELEMENT SURFACE AREA (SQ. FT) = 250000 . 

ODE ARF-REDUCED CHANNEL STREET MULT CHANNEL OVERlAND MULT CHANNELS 

AREA AREA AREA AREA AREA (0- 0, 1-YES) 

1 175000. 0. 0. 0. 175000. 0 
2 175000. 0. 0. 0. 175000. 0 
3 175000. 109546. 0. 0. 98318. 0 
4 175000. 0. 0. 0. 175000. 0 
5 175000. 0. 0. 0. 175000. 0 
6 175000. 125790. 0. 0. 86947. 0 
7 175000. 0. 0. 0. 175000. 0 

• 

• 
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ROUGH.OUT File Example 

FLOODPLAIN MANNIN GS N CHANGE S 
FP =FLOODPLAIN, MC =MULTIPLE CHANNELS, ST =STREE TS 

SORTED BY IAXIl\illM n-VALU · : 
ODE MAXn FI L n ORIG. n ODE lv~'< n TIME (I-IRS) 

FP 2454 0.069 0.065 0.065 2711 0.092 3.074 
FP 2667 0.080 0.065 0.065 2667 0.080 3.134 
FP 2711 0.092 0.065 0.065 2454 0.069 3.166 

CHANNEL MANNINGS N CHANGES 

SORTED BY MAXIMUM n-VALUE: 
ODE MAXn Fl AL n ORIG. n ODE ~'(n Tli\'fE (HRS) 

2985 0.089 0.080 0.080 2894 0.116 2.859 
2968 0.095 0.091 0.071 2666 0.109 3.079 
2946 0.091 0.069 0.069 2922 0.107 2.479 
2922 0.107 0.098 0.098 2830 0.107 2. 700 
2894 0.116 0.077 0.077 2968 0.095 2.305 
2863 0.082 0.069 0.069 2946 0.091 3.276 

SEDCHAN. OUT 

The sediment transport routine will compute scour and deposition in the 
channel. In this output file, the x- andy-coordinates, maximum deposition, 
maximum scour and final bed elevation change (ft or m) are reported by 
channel element. 

SEDCO SERV.OUT 

The sediment transport conservation summary is listed by output interval. 

SEDFP.OUT 

Similar to the SED CHAN.OUT file, the floodplain scour and deposition 
are reported io the SED FP.O T file. The x- andy-coordinates, maximum 
deposition, maximum scour, bed elevation change (ft or m) and max water 
surface elevation for the floodplain surface are reported by grid element. 
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SEDTRAN.OUT 

The sediment transport capacity (cfs or ems) computations for each of the 
eleven sediment transport equations are listed by output interval in this 

file. 

SPECE ERGYOUT 

The specific energy is the sum of the depth plus the velocity head. This file 
lists the maximum specific energy (ft or m) for a floodplain grid element 
and includes grid element number, grid element x- and y-coord.inates and 
maximum specific energy. 

STATICPRESS.OUT 

The spatially variable static force per linear foot for each floodplain element 
is presented is thi file by grid element number, x- and y-coord.inates and 
force per linear foot or meter. 

STREET.RGH 

• 

This file lists the final changes to 'fanning's n-values for the street grid • 
elements. The maximum and final Manning's n-values are reported in the 
RO GH.OUT file. If the n-value changes are acceptable, STREET.RGH 
can be renamed to TREET.DAT for the next FL0-2D flood simulation. 
This automates the spatial adjustment of n-values for floodplain elements 
that exceed the limiting Froude number. 

STREET. OUT 

imilar to DEPTH.OUT, this file contains the street element x- and y
coord.inates and the maximum street flow depth. 

STRELEVOUT 

Final street elevations used in the model simulation are listed in this file. 

SUMMARY OUT 

This file lists the volume conservation summary table including the simula
tion output time interval, the minimum timestep and flood volume conser
vation. It also reports the inflow hydrograph, rainfall, infiltration loss, and 
outflow and storage volumes. Review the volume conservation accuracy 
and the final distribution of volume in this file . 

• 
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SUPER OUT 

When the floodplain or channel flow is supercricical, the grid elements with 
supercritical Row, the Froude number, and time of occurrence are written 
to this file. This @e reguires that the variable SUPER = 1 in the CO T. 
DAT file. 

SURF AREA. OUT 

The S RF AREA. OUT lists the available flow surface area in each grid ele
ment. The area reduction factors (ARF) remove a portion of the surface 
area of a grid element to account for buildings or other features that occupy 
the flow surface area. Channels, streets and multiple channels also require 

a portion of the floodplain surface. The remaining floodplain surface area 
is reported. At d1e end of the file, the maximum area of fl oodplain inunda
tion (including the channel surface area) for the entire grid system is listed 
by output time interval. This can be an informative data file for the user. 
If the available A ow surface area is less d1an 5% of the original grid element 
surface, the FL0-2D simulation will be terminated with error messages. 
The SURF AREA. OUT file enables a review of the surface area distribution 
between the various components. This file has d1e following format: 

SWMM.RPT 

The results of the S\'VMNf modeling of the storm drain flow routing is writ
ten to this file . The EPA SWMM model generates dus file . It is ex•tens.ive 
and contains discharge hydrographs for every drain inlet, outlet and con
duit. 

SWMMQIN.OUT 

The discharge hydrograph (time and discharge pairs) into each storm drain 
inlet as computed by the FL0-2D model for exchange to the SWMM pipe 
routing model is reported in this file. Each inlet ha a discharge hydrograph 
with a output interval TOUT cimestep. 

TIMDEP.OUT 

This file contains grid element, Row depth, velocity and velocity direction 
x and y and water surface elevation for each floodplain grid element at the 
user specified time intervals (TIMTEP in CO T.DAT). This file is also 
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required for a time-lapse simulation in the MAXPL T and MAPPE R++ 
post-processor programs. 

TIME. OUT 

The timestep is controlled by the numerical stability criteria. \Vhen the sta
bility criteria are exceeded for a particular grid element, the timestep is de
creased. The grid elements with the highest number of timestep decreases 
are written to the T ... . 0 T file. This file can be reviewed to determine 
if a specific floodplain, channel or street node is cons.i ten tly causing the 
timestep decrease and what stability criteria is frequently being exceeded. 
If one grid element has caused significantly more timestep decreases than 
the other grid elements, then its attributes and the attributes of the contigu
ous grid elements should be carefully reviewed. An example of the TIME. 
0 T file is shown below. 

TIME.OUT File Example 

TIMESTEPS WERE DECREASED FOR THE FOlLOWING NODES: 

GRID ELEMENf NUMBEROFTIMESTEP PERCENTCHANGE CFL STABII11Y DYNAMICWAVE 

FLOODPLAIN 

4116 
4476 

CHANNEL 

197 
229 

DECREMENfS IN DEPTII CRITERIA STABII11Y 

ODES 

40552 
23725 

ODES 

1892 
1467 

0 
0 

0 
0 

40552 
23725 

1 
4 

CRITERIA 

0 
0 

891 
1463 

- -- -- -- - - ---- - - - - - -------------- - - - ----

• 
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TIMEONEFT. OUT 

For dam or levee breach this file reports the grid element number, the x
and y-coorclinates and the initial time to one foot of depth. The time to one 
foot of depth can be plotted in MAPPER++. 

TIMETOPEAK.OUT 

For dam or levee breach this file reports the grid element number, the x
and y-coorclinates and the time of occurrence of the maximum depth. This 
time to maximum depth can be plotted in MAPPER++. 

TIMETWOFT.OUT 

For dam or levee breach this file reports the grid element number, the x
and y-coorclinates and the initial time to two feet of depth. The time to two 
feet of depth can be plotted in MAPPER++. 

VELOC. 0 UT and Related Ve/ociry Output Fifes 

These files are similar to the DEPTH.O T file. These files contain the 
x- and y-coorclinates and maximum velocities and can be viewed with the 
MA.:'CPLOT or MAPPER++ program . 

The ve/ociry output ft/es incfttde: 

STVEL.OUT - Ma.,ximum street flow velocity; 

STVELDIR.OUT - Flow direction of the ma.,ximum street flow veloc
ity; 

VELFP .OUT - Maximum floodplain flow velocity; 

VELOC.OUT - Maximum channel flow velocity; 

VELCHFINAL.OUT - Final channel flow velocities .; 

VELDIREC.OUT - Flow direction of the maximum floodplain flow 
velocity. 

FINAL VEL. OUT -Flow velocity at the end of the simulation. 

FINAL VELDIR.OUT - Flow maximum velocity direction at the end 
of the simulation. 

VEL TIME C. OUT 

This file lists the channel element number, maximum channel velocity and 
the time of occurrence. It is sorted from highest to lowest velocity so that 
an examination of the first several lines of output data will determine if 
there are any unreasonably high maximum channel velocities . 
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VELTIMEFP. OUT 

Lists the floodplain element number, maximum channel velocity and the 
time of occurrence. This file is sorted from highest to lowest velocity so 
that an examination of the first several lines of output data will determine if 
there are any UILteasonably high maximum floodplain velocities. 

VELTIMEST. OUT 

Lists the street element number, maximum channel velocity and the time 
of occurrence. This file is sorted from highest to lowest velocity so that an 
examination of the first several lines of output data will determine if there 
are any unreasonably high maximum street velocities. 

WSTIME.OUT 

If W TIME.D T file is created, the WSTIME. 0 T file will be generated 
listing the channel element number, time of the measured water surface 
elevation, measured water surface elevation at stated time, predicted water 
surface elevation at stated time, difference between the water surface eleva
tions and the cumulative difference between the measured and predicted 
water surfaces. 

XSECAREA.OUT 

When the channel cross section option is invoked for channel routing, the 
channel geometry data is written to this file. It includes: grid element, flow 
area, top width and wetted perimeter for the lowest top of bank (bankfull 
flow). 

XSEC.OUT 

This file is created by the sediment transport option (I ED = 1 in CO T. 
DAT and ISED = 1 for a channel segment in CHAN.DAT) for channel 
cross section data. It contains the final cross section bed elevations after 
scour and deposition have been computed. 

• 

• 
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CHAPTER 6 

PosT -PRocEssoR PROGRAMS 

There are four post-processor programs: MAPPER++, MAXPLOT, HY
D ROG and PROFILES that display the output data graphically. MAPPER++ 
and 'MAXPLOT display the flood inundation depth and velocity plots. Channel 
flood simulations or floodplain cross sections are required to view hydrographs 
in HYDROG. A channel model is also required to view the channel water sur
face pro@es in PROFILES. These programs can be initiated by clicking on their 
name in the File pull down menu in the GDS or by copying the executable 
(*.EXE) @e into the project subdirectory and double clicking on the program 
name in a bowser. You can also put the icons on the desktop. 

6.1 HYDROG 

Channel output hydrographs and floodplain cross section hydrographs can 
viewed with the HYDROG program. It displays the hydrograph fore ery chan
nel element in the system. HYDROG will interactively display the channel hy
drograph. It will also list the average channel hydraulic data for various reaches 
of river. Gaging station hydrograph data can be plotted along with the FL0-2D 
predicted hydrograph by creating the optional HYDR .D T @e in the follow
ing format: 

Instructional commands for H\'DROG follow: 

• 
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3 
Haynor 
13160 251 
0.00 1287.85 
1.00 1285.47 

otes: 

HYDRO.DAT File D escriptors 

Line 1: 
Line 2: 

Line 3: 
Line 4: 
Line 4: 

umber of gaging station with hydrograph data 
arne of gaging station (10 letters) 

Channel grid element and # of hydrograph pairs 
Hydrograph pairs time(hours) discharge (cfs) 
Hydrograph pairs time(hours) discharge (cfs) 

Line 2 - 4: These lines are repeated for each gaging station. 

HYDRO.DAT File Example 

Haynor 
13160 251 
0.00 1287.85 
1.00 1285.47 
2.00 1295.01 
3.05 1302.20 

After opening HYDROG, click on either 'Plot Channel H ydrographs' or 'Compute H y
draulics' in the Main Menu shown below: 

FL0-20 t:HANNEL HYDROGRAPH5 . ..::lQJ_29 
Plot Channel Hydroqraphs Plot Cross Section Hydroqraphs Compute Hydraulics Exit Print Graph Print Text to File Save as a Bitmap 



If you click on 'Plot Channel Hydrographs' a dialog box appears to select either a 
channel segment or element: 

S~led a Gnd Eleme:nt • . 

Er<et a charrel grid element runber ~ 

a <elect Iran the lolowrog isl 0\amel Elements w<h • Known Oiscllarge 

Node I~ Name Node I~ 
4 H.,... 131611 

8 Leasbug 1n40 
12 Mesla 25435 

15 

19 

24 
28 
32 
~ ...:J ...:J 

r Corwert Iran houly to daly 

After selecting the channel element and clicking 'OK', the hydrograph is plotted as 
shown in the following figure. se the dialog box in the upper right portion of the 
screen to select another channel element or to return to the channel element list or 
mam menu. 

Channel Node : 13160 01.scha.rge Hydrograph ( cfs} Predic ted 01 !!C:ha.rg• 
M.,.a!Sur~d 01.= ::-harg -

imilar hydrographs can plotted for floodplain cross section selected in the FPX
EC.DA T. If thi file exi ts, then the crosss section hydrograph for the selected 

cross section elements and flow direction will plotted using the second command 
on the Main Menu bar. 

FL0- 20 CHANNEL HYDROGRAPHS ': ;,';(· 

Plot Chamel HydrQ<lraphs Plot Cross Section Hydrographs Compute Hydraufrcs EXJt Print Graph Print Text to Fje Save as a Bitmap 
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If the 'Compute Hydraulics' is selected from the Main Menu, the following dialog 
box is displayed: 

[ompute Average [hannel Hydraulics X 

To compute the average channel hydraulics for a given discharge, 
enter the upstream and downstream chamel elements in the reach 
and a discharge. 

Upstream channel element: 0 

Downstream channel element: 0 

Discharge: 0. 00 

Cancel OK 

After filling the three data fields in the dialog box (including the desired discharge 
for computing the average channel hydraulics, mouse click 'OK' to display the fol
lowing table: 

Q W5 Depth Velocity FlowAsea Wet Pe1. Hyd Rad TopW"rl W/0 Energy S. Bed 5.5. Sll'fAiea ·J 
(J GOOJ.OO 4007.n 9.59 4.67 1161 .81 173.67 6.66 165.87 17.49 0.000l33 0.35036 4241 9.06 

_;j 

PrinttoASQ1 ~e: Upsbeern Grid Elemert 00'¥Wlsbe.n Grid Element Ente~ • new citcho<ge ond cick on NEW Q: 

~ [""13iSO f13iii r--o:oo NEWQ I ~ 

This table displays the average discharge weighted hydraulic conditions for the given 
discharge between the two channel elements (inclusive) . From this dialog box, you 
can select a new discharge and add to the table or print this table to an ASCII .file 
(HYDR.OUT). 

6.2 MAPPER ++ 
MAPPE R++ is a post-processor program that creates high resolution maps and 
plots of the FL0-2D model results including area of inundation, time variation 
of hydraulic variables, maximum water surface elevations, duration of inundation, 
impact force, static pressure, specific energy, sediment scour or deposition and oth-



ers. MAPPER++ is the primary post-processing program for viewing the FL0-2D 
simulation results. Three types of plots can be generated: 

Grid element plots where each element is assigned a color depending on 
the value of the elected plot variable. 

Line and shaded contour maps based on the grid element values. 

DTM point depth plots to generate detailed How depth contour maps 
based on grid element water surface elevations and DTM point ground 
elevations. 

FE 

The MAPPER++ manual describes the commands and tools and provides instruc
tion. 

6.3 MAXPLOT 

The MAXPLOT program is a simple graphical tool to display the grid element maxi
mum depths and velocities. MAXPLOT is a simple alternative to MAPPER++ that 
quickly displays plots of the maximum floodplain and channel depths, maximum 
street velocity, final floodplain depths and others. It is faster than MAPPER++ but 
has less graphical resolution and fewer display options. Use MAXPLOT when you 
just want to get a quick overview of predicted flow depths and velocities. By zoom
ing in on a given plot, the grid element number, maximmn flow depth or velocity 
and the ma:cimum water surface elevation can be viewed. The tool bar has options 
for view extents, previous view, pan, a coarse flood contour and 3-D plot and an 
option to save the view as a bitmap. 

MAXPLOT can be initiated by copying the program to the project folder and double 
clidking it. fter opening MAXPLOT a blank screen appears with a Main Menu: 

Click on 'Open' to di play the following the dialog box: 
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Activate one of the plots listed in the clialog box above by clicking on the raclio but
ton in front of the plot option and clicking the 'OK' button. You can also set limits 
on the minimum and maximum depths or velocities to clisplay. The following plot 
displays the combined channel and floodplain maximum flow depth for the Monroe 
project example. 

MAXPLOT also has an option to plot a floodplain boundary such as the area of 
inundation, level location, or other linear boundary (see the bottom of the above 
clialog box). The MAXP.DAT file lists the boundary line locus of points must be 
prepared to clisplay the boundary. A series of line boundaries can be prepared. 



--------------------------------------------------------------- ----- -----

Each set of boundary points will constitute a separate line. The optional MAXP. 
DAT file format is: 

Line 1. 

Line 2. 

umber of boundary units. ach boundary set constitutes a line. 

umber of points in each boundary set. 

Line 3 to end. x- and y-coordinates of each point listed in columns. 

Repeat Lines 2 and 3 for each boundary line set of points. 

6.4 PROFILES 

The PROFILE program serves the dual purpose of being a pre- and post-proces
sor program. As a post-processor program, it will display a channel water surface 
and bed elevation for any FL0-2D simulation output interval. In order to view the 
predicted water surface elevation in PROFILE , it is necessary to run a FL0-2D 

FL0· 20 CHA""El BED AND WATI'R SURFACE PROFilES .=J_gj~ 
'kw Segnent Bed Slope lnterpolot< Segment Slope/Shope · 

channel simulation first. The PROFILES program has zoom and print options to 
assist in reviewing the results. 

To view the predicted water surface profiles, click on 'View Profiles' in the iain 
Menu and a clialog box appears: 

PLOT THE PEAK 
DISOiARGE The peek r Pealc.Oileharge 
chdwge ir plotted for each 

DledtonoOibolhb..ctcn.tor;*lt r 
meu.~ed dal:-'. If one cr bod"' d the 
lU:torM•adrv«ed. the\IISUAF.DAT 
Herruttbeprepared. r 

To view the predicted maximum water surface elevation profile, click on the radio 
button labeled 'Maximum Water Surface' and click 'OI '. You can plot the water 
surface at any output interval by entering the time in the text box in the upper right 
corner. The peak discharge can also be plotted as a function of the channel distance. 
To plot the surveyed or measured, the WSURF.D T must be prepared. The file 
format is presented at the end of this section of the manual. 
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There are several options on the Main Menu. You can zoom in on given river reach, 
print the image or label the distance along the channel in river rniles. The zoom 
view is shown in the following figure: 

.,. ____ ... _ 
--···--.. -"'---···-··--...:.!:::::.::~:::::.-:;:· 

If sediment transport has been simulated, PROFILES will plot the final bed eleva
tion and the cross section geometry changes associated with either scour or deposi
tion. The image below displays sediment deposition of approximately 1 ft upstream 
of a bridge in the Rio Grande. 

- ·~-··· .. ··-......... _, __ 

. t . . 

on-uniform sediment distribution on d1e channel bed can be viewed when the 
channel flow is simulated. The cross section plot below displays the final cross 
section elevations in red compared to the cross section elevations at the start of the 
flood simulation shown in black. This image can be expanded to full view. 



The user has an option in the water surface dialog box of plotting surveyed water 
surface and bed elevations along with the predicted values. To plot the surveyed 
water surface or channel bed elevation, the W URF.DAT file must be created in 
the following format: 

2045 
4 4152.22 
8 4151.84 

otes: 

WSURF.DAT File Descriptors 

Line 1: 
Line 2: 

Line 2: 

#of channel elements with a surveyed ws elev. 
Grid Element W elevation 
Grid Element W elevation 

Line 2: This line is repeated for each channel element with a surveyed ws elevation. 

WSURF.DAT File Example 

2045 
4 4152.22 
8 4151.84 

12 4151.69 
15 4151.55 
19 4151.41 

Optional W RF.D T file format: 

Please note that PR FILES also has options for editing the channel bed slope and 
thalweg Aow depth and for interpolating the slope and cross section geometry for 
the cross section option. Refer the section on Pre-Processor Programs for a discus
sion on these features. 

172 

D ATA INPUT 

• 



._,_73 __ _ 
CHAPTER 6 
PosT -PRocEssoRs 

49 

The surveyed water surface can also be compared directly with the FL0-2D com

puted water surface in tl1e WSTIME.OUT (see @e description in the output @e 

section) by creating a WSTI1\1E.DAT @e. The WSTIME.DAT flle format is as 
follows: 

WSTIME.DAT File D escriptors 

117632 4658.95 240 
117928 4655.80 240 

Line 1: #of channel elements wiili a surveyed ws elev. 

Line 2: Grid Element WS elevation Time 

Line 2: Grid Element WS elevation 

otes: 

Line 2: This line is repeated for each data set. 

WSTIME.D A T File Example 

49 
117632 4658.95 240 
117928 4655.80 240 
119882 4652.28 240 
120580 4650.36 240 
120915 4648.52 240 

The WSTIME.OUT @e will contain: 

Channel element number., time of survey (hrs), surveyed water surface elevation, 

computed water surface elevation, difference between the surveyed and computed 

water surface and cumulative difference between the surveyed and computed water 
surface elevations. 



CHAPTER 7 

DEBUGGING AND TROUBLE SHOOTING THE DATA FILES 

7.1 BAsrc TROUBLE S HOOTING G u iDELI ES 

Start simple and build in the flood model detail. After the required data files have 
been prepared, run a basic overland flood simulation. Review the results and if 
you have problems consult the troubleshooting tips found in this chapter. 

The first step in debugging the data files after attempting a FL0-2D simulation 
is to review the E RROR.CHK. file. All the data errors recognized by the model 
are reported in this file . One of the most common errors is missing data that 
will invoke an end-of-file error statement to the screen. nd-of-file messages are 
reported to the ERROR.CHK. file . Th.is error occurs when the model is search
ing for more data than is in the data file. Another common error is to activate 
a component or proce s switch without preparing the required data file. For 
example, an error will occur if MUD= 1 in the CO T.D T file, but the data file 
SED.DAT is not prepared or if the sediment concentration in I FLOW.DAT 
is left out. 

One data error that is difficult to locate is the array allocation violation where the 
array index number may be zero or larger than the assigned value. \'{!hen this type 
of error is encountered, the FL -2D model is terminated with an error message 
without indicating the file location or line entry of the error. To locate the data 
error, simplify the simulation and turn off all of the components and add them 
back to the model one at time until the error occurs again. You can reset IMUL 
in CO T .DAT to the model time just after the error occurred to reduce time 
to debug the model. If your attempts to debug an error are ineffective, send a 
zipped copy of the data files to FL0-2D (support@A.o-2d.com) along with brief 
description of the problem. 

• 

• 
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You can create a set of backup data files to debug the model. Set IBACKUP = 1 in 
the CO T.DAT file. These backup fi les replicate your data files and will indicate if 
the computer is reading the data files correctly. The backup file should be identical 
to the original data file except for spacing. If the program terrrUnates before reach
ing the first output interval timestep, there is probably an error in the data files. Start 
by checking the *.BAC files one by one. If one of the files is not complete, this may 
be the location of the data error. 

Review the following files to analyze volume conservation problems: SUMJ.\1ARY. 
OUT, CHVOLUME.OUT, CHANGRID.OUT, CHANMAX.OUT, TIME.OUT, 
BASE.OUT, ROUGH.OUT, CHAN EL.CHK, and SURFAREA.OUT. See the 
'Pocket Guide' for further troubleshooting tips involving volume conservation, 
sticky grid elements listed in the TIME.OUT file, and numerical surging. The in
structional comments at the end of each data file description in this manual contains 
a number of guidelines to assist the u er in creating or checking the data files . 

7.2 L IST OF C OMMON D ATA E RRORS 

A list of tl1e most common errors associated with running FL0-2D is presented 
below and a table for troubleshooting runtime errors follows the list. Whenever an 
error is encountered, refer to the ERROR.CHK file first. 

TABLE 7.1. LIST OF MosT CoMMON DATA ERRORS 
I 

1. Missing data entries. Insufficient data was provided to the model. I 
2. Switches were activated without the corresponding data or files (for ex-

ample, see MUD, ISED, etc., in the CO T.DAT file). 

3. There was missing or additional lines in a data file when switch is acti-
vated. Observe the *** otes: *** in the file descriptions. 

4. Percentages were expressed as a number instead of a decimal. See the 

description of XCO CinCO T.DAT or the HP(I,J ,3) variable in I -

FLOW.DAT. 

5. The IDEPLT grid element was in1properly assigned in I FLOW.DAT 

for the graphics mode. 

6. Channel infiltration switch I FCHAN was not 'turned on' in the I FIL. 
DAT file . 

7. Either one or both of channel and floodp lain outflow elements were not 
assigned for a given grid element. 

8. The street width exceeded the grid element width. 

9. The array size linutation for a variable was exceeded. I 



TABLE 7.1. LrsT OF MosT CoMMON DATA ERRORS 

10. The available floodplain surface area was exceeded by assigning chan-
nels, streets, ARF's and/ or multiple channels with too much surface 
area. Review the SURFAREA.OUT. 

11. The rainfall variable R_DISTRIB data was entered as total cumulative 
rainfall instead of the percentage of the total rainfall (range 0.0 to 1.0). 

12. The ISED switch for channel sediment transport was not 'turned on' 
in the CHAN.DAT file for the channel segment. 

I 

7.3 R TIME ERRORS 

The following guidelines are provided to assist the user to resolve runtime errors. If 
the program stops executing after several output time intervals but has not reached 
the prescribed simulation time, the problem grid element(s) may be listed at the end 
of the B SE.OUT file. It may also be listed in the TIME. OUT file and it may ap
pear in a dialog box that appears on the screen when the simulation terminates. The 
user should review the following data before revising the stability criteria: 

Review the problematic grid element elevation and Manning's n-value for 
the listed grid element as well as the contiguous 8 grid elements neighbors. 
This can be done in the GDS program. 

Check the channel data to determine if the grid element contains a chan
nel and then check the relationship between the channel bed and bank 
elevations and the floodplain elevation within the grid element. 

Review the floodplain area available within the grid element including lo s 
of floodplain area due to channels, streets, ARF's or multiple channels in 
the RFAREA.OUT file. 

Most volume con ervation and numerical stability problems are associated with 
channel flow. \'{!hen constructing a channel system, it is often necessary to fabri
cate cross section geometry, estimate roughness or adjust channel bed slopes. Mis
matched channel morphology parameters with an appropriate roughness are the 
primary source of numerical stability problems. To compute smoother hydraulics 
between two channel grid elements, adjust the bed slope, cross section flow area or 
roughness values. Try to avoid abrupt changes in cross sections geometry from one 
channel element to another. The channel flow area should make a gradual transition 
from a wide, shallow cross section to a narrow deep cross section. o actual cross 
section tran ition may occur over several channel grid elements. Adjust the channel 
geometry so that the maximum change in flow area between channel elements is 
less than 25%. To address channel problems, consider the following measures: 
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Increase the roughness in wide, shallow cross sections and decrease the 
roughness in narrow deep channel grid elements. 

Red uce the difference bet\veen the cross section areas. Avoid abrupt 
cross section transitions between channel elements. Adjust the channel 
cross section geometry in the PROFILES. Using PROFILES, you can 
re-interpolate bet\veen surveyed cross sections. 

Review and adjust the bed slope with the PROFILES program. 

Select a longer channel length \vlthin the channel grid element. 

7.4 TROUBLESHOOTING G UIDE 

In addition to the following troubleshooting guide, refer to the 'Getting Started 
Guidelines' at the begin of this manual and the Pocket Guide to assist yo u in debug
ging runtime errors. 

Program will not run 

Program stops 

Data errors. Turn off the component switches until the model 
runs . 

The executable program was damaged. Reload the program or 
contact technical support. 

The model is not properly licensed. Contact technical support. 

The model run is terminated before the first timestep or after a few 
timesteps with data file error indicated on the screen 

Program stops 

Review the ERRO R.CHK file or the data file identified by the 
program error message. 

Review the back-up file(*. BAC). 

Review the List of Common D ata Errors. 

The model run is terminated after several timesteps indicating a nun1erical 
stability error. The grid element causing the stability error is listed on the 
screen instability dialog box or at the end of the BASE. OUT file. 

Stability criteria were not met. 

Review and revise the elevation and roughness data for the indicated grid 
element. The ROUGH.OUT and TIME.OUT files will help to locate the 



problem grid element. Also, check the contiguous grid elements to the 
problem element in the 8 directions. 

Volume conservation 

The volume conservation may indicate either a loss or gain of volume. A 
review of the UMMARY.O T and CHVOLUME.OUT will reveal if the 
volume conservation error is in the channel or on the floodplain. Volume 

conservation problems are indication of data error. 

Discharge surging 

wnerical surging (alternating from low to high discharges) is usually as
sociated with channel flow. Floodplain surging can occur but is less com
mon. Review the maximwn floodplain velocities in MAXPLOT and in the 
VELTIMEC.O T and VELTIMEFP.OUT files. Unreasonable maximum 
velocities should be addressed. Other files to review for indications nu
merical surging include CHANMAX.OUT, HYCHA .0 T, CHAN
STABILTY.O T, TIME.OUT, and ROUGH. OUT files . The hydrograph 

plots in the HYDROG program may di play spikes to indicate surging. 
It should be noted that surging may occur and and the model could have 
good volwne conservation. 

Supercritical flow 

Supercritical flow is not necessary a problem, but its occurrence should be 
limited to conditions where it is expected uch as in streets, concrete chan
nels or steep bedrock watersheds. SupercriticaJ Aow on alluvial surfaces 
should be avoided. 

Numerical Instability: 

The channel urging may be related to numerical instability, abrupt changes 
in channel geometry, inappropriate slopes, supercritical flow or variable 
mudflow sediment concentrations. Mismatched slope, flow area and n
values are the most common causes of channel instability. combination 
of revision may improve numerical instability. 

brupt changes in slope or severe adverse slope may cause in
stability. Use the PROFILES program to fix irregular bed slope 
conditions. 

Review the cross section Aow areas over several channel ele
ments in PROFILE . Eliminate any abrupt changes in cross 
section areas between channel elements. If the surging occurs at 
low flows, review only the bottom portion of the cro s ection 
not the bankfull conditions. 
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D ecrease the channel Courant number in the TOLER.DAT 
file. D ecrease the Courant number in 0.1 increments until 0.2 is 
reaches. 

Insufficient floodplain area. Small floodplain surface areas can 
exacerbate unsteady flow. Review SURFAREA.OUT and in
crease the available grid element surface area for flood storage. 

Increase then-values for the grid elements in the vicinity of the 
surging flow. 

Adjust the floodplain grid element elevations around the prob
lem element. 

Increase the channel length within the grid element. 

The hydraulic structure discharge rating curve or table may be 
poorly matched with the upstream or downstream channel hy
draulics. Review the hydraulic structure rating curve or table and 
compare the dischaxge values to those found in the HYCHA 
OUT file for that particular channel element. 

Unexpected super criticaL flow on aLLuviaL surfaces: 

Adjust the limiting Froude number using the FROUDL variable 
in the CO T.DAT file or the FROUD C variable in the CHAN. 
DAT. 

Increase the floodplain or channel roughness values. 

Modify the slope. The grid elevations assigned by the GDS may 
not be representative of the field condition. Change the grid 
element elevations to make the channel or floodplain slope more 
uniform. 

VariabLe mudjlow sediment concentration: 

Review the sediment concentration in the inflow hydrographs in 
the I FLOWDAT file. 

The relationships for viscosity and yield stress should fall with 
the reseaxch data presented in the reference manual. 

FL0-2D simulation runs slow 

Review the TIME. OUT file to identify the elements that have caused most 
of the timestep reductions. Small timesteps are the result of the model con
tinually exceecLng the numerical stability criteria for a small group of grid 
elements. The change in flow depth for a timestep may be too large. One 
of primary reasons for a slow flood simulation is that the relationship be
tween the discharge flux and grid element surface area is poor. The rate of 
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change in the discharge may be too high for the selected grid element size. 
Increasing the grid element size i the best way to fix a very slow model. 
Other solutions may include: 

Adjust the channel geometry in transition reaches. 

Create a more uniform channel or floodplain slope. 

Revise the roughness values or limit the supercritical flow. 

Reduce the channel width, street width, ARF values or other 
parameters to increase the floodplain surface area. Review the 

RF RE .0 T file. 

Increase the grid element size (a last resort). 

Graphics display is not activated 

The graphics display is controlled by three variables: LGPLOT and GRAP
TIM found in the CO T.D T file and IDEPLT in INFLOW.DAT. IDE
PLT is the floodplain or channel inflow grid element whose hydrograph 
will be plotted on the display. 

Set LGPLOT = 2. 

Check the GRAPTIM variable for an acceptable update interval. 

Make sure that the IDEPLT variable matches an inflow grid ele
ment has a hydrograph assigned to it in I FLOWDAT. 

The inflow hydrograph does not plot in the graphics display 

o hydrograph is associated with the IDEPLT variable. 

The hydrograph duration is too long. Reduce the hydrograph 
length. 

The rainfall duration is too long. Reduce the rainfall time. 

Inappropriate peak discharge or total rainfall values distort the 
scale for hydrograph plot. 

Program stops. Excessive flow depths 

If flow depths are excessive, then ponding or surging may be occurring. 

Identify the problem element in MAXPLOT or in the end of the 
BAS ... . OUT file. 

Check TIME. OUT to determine if the problem element is also 
causing the model to run slowly. 

Check the elevation of the problem grid element in the 
FPLAI .DAT or in the GDS. 
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If the depressed element is a gravel pit or some other feature, 
increase the n-value to decrease the vertical velocity into the pit. 

Erratic discharge in the channel elements. 

A review of plotted hydrographs in HYDROG or an examination of the 
CHA MA.,'C.OUT or HYCHA .OUT files will reveal if the Bow dis
charge between contiguous channel elements is surging with spikes when a 
consistent rise or fall of the downstream discharge is expected. 

Channel surging can be natural phenomena. Rivers can rise and fall over a 
few tenths of a foot in matter of seconds. During high flow, the variation 
in discharge associated with stage change -0.2 ft can be 1,000 cfs or more. 
Review the numerical surging troubleshooting. If the channel surging is 
severe, there two conditions to review are: 

Review the channel confluence and make the confluence pairs 
are properly assigned. See the CO FLUE CE.OUT file. 

The channel grid elements in the CHA .DAT file may be mis
identified. 

Erratic flow in the floodplain grid elements . 

Erratic flow in the floodplain grid elements is usually the result of errors in 
the FPLAIN.DAT file . This type of error generally occurs when the user 
edits the FPLAI .DAT file manually and adds, subtract or moves grid ele
ments around. Virtually all erratic flow conditions on the floodplain can be 
corrected by revisions either to n-values or elevations in the GDS. 

Channel extends through another channel element. 

The right channel bank assignments are automated in the GDS. The mul
tiple left bank elements can be assigned to the same right bank on a river 
bend. The line connecting the left and right bank elements cross other bank 
connecting lines the model will result in an error message reported in E R
ROR. CHK file. 

The channel bank elements can be viewed in the GD . If there is a prob
lem with the channel outline, simply revised the right bank element. The 
right bank element can be any grid element if it does not cross another 
connecting channel bank line. A right bank element can connect to more 
than one left bank element . 



Program stopsj identifYing one or more grid elements with too little floodplain 

surface. 

The model will report an error in ERROR. CHI if the channel right bank 
has is too little surface storage area on the floodplain portion of the ele
ment. If this problem occurs and the floodplain surface is less than 5%, 
then there are several solutions: 

Reduce the ARF value, multiple channel area or street area. 

The channel area can be reduced by decreasing the XLE vari
able or top width, which is a function of the channel in the natu
ral channel , the side slopes, or the bottom width in the trapezoi
dal cross section or the width in the rectangular cross section. 

a last resort the grid element size can be increased, but this 
reguires the re-generation of the grid system. 

CADPTS.DAT error 

If grid elements are added or deleted to grid system and the FPLAI .DAT 
file is revised, the CADPTS.DAT will report errors if it is not also modified. 
The CADPT .D T file must be changed to reflect the revisions in the 
FPLAIN.DAT file. Use the CHECKER program to verify the accuracy of 
tl1e revisions in the FPLAIN.DAT file . 
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H aynor 
13160 251 
0.00 1287.85 
1.00 1285.47 

otes : 

HYDRO.DAT File D escriptors 

Line 1: 
Line 2: 
Line 3: 
Line 4: 
Line 4: 

umber of gaging station with hydrograph data 
ame of gaging station (10 letters) 

Channel grid elernent and # of hydrograph pairs 
Hydrograph pairs time(hours) discharge (cfs) 
J-Iydrograph pairs time(hours) discharge (cfs) 

Line 2 - 4: These lines are repeated for each gaging sta tion . 

HYDRO.DAT File Example 

I-Iaynor 
131 60 251 
0.00 1287.85 
1.00 1285.47 
2.00 1295.01 
3.05 1302.20 

fter opening I-IYDROG, click on either 'Plot Channel Hydrographs' or 'Compute H y
draulics' in the Main Menu shown below: 

FL0·20 CHANNEL HYOROGRAPHS Jt , ..Jgj~ 
Piot Charnel Hydro9raphs Plot Cross Section Hydro!lfaphs Compute Hydraulics Ex~ Prnt Graph Print Text to File Save as a B~map 
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If you click on 'Plo t Channel fiydrographs' a dialog box appears to select either a 
channel segtnent or element 

Ertel. chamel o<id elemert runbet. II 
01 •elocl from tho lolloY,;ng 1st Channel Element• with a Known OO<harge 

Node 

4 
B 

12 

15 
19 

24 
28 

32 
~ 

I .!.I 
H~ 

Leasbug 

Mesila 

Node 

13160 

17240 

25435 

r Convect from hcu1y to ~ 

fter selecting the channel element and clicking 'OK', the hyclrograph is plo tted a 
hown in the following figure. Use the dialog box in the upper right portion of the 

screen to select another channel element or to r turn to the channel element list or 
mrun menu. 

Channel Node : 13160 Di.scharqe Hydroqraph (cfs) Predicted Di~charqe-
Hea!!Ut:ed Dt~charqo ------

1£000-

14000 

12000-

10000. 

8000. 

6000 

,,, .. 
2000. ---]--- -------------=-------------------

-r----r----~--,. 100 ,,. 200 2>0 100 
TiDelhrs) 

If the 'Compute Hydraulics' is selected from the Main ifenu, the following dialog 
box is displayed: 

Compute Average Channel Hy drauhcs 

To compute the average channel hydraulics for a given discharge, 
enter the upstream and downstream channel elements in the reach 
and a discharge. 

Upstream channel element: I 0 

Downstream channel element: I 0 

D tscharge: I 0.00 

Cancel I OK 

From 

D\n ht•m 

Hint: 

the Main 
1enu, o ther options 

are to save the plo t
ted hydrograph as a 
bitmap lin age, send 
the hydrograph to a 
prit1ter, or write the 
hydrograph to an 
ASCII file. 
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Mou e click 'OK' to eli play the following table: 

Thi table eli plays the average eli charge weighted hydraulic conditions for the given 
eli charge between the two channel elements (inclusive). From tlus dialog box, you 
can select a new eli charge and add to the table or print this table to an sen file 
(IIYDR. I ). 

Reach Average Results ~ ~ 

a \;IS Deplh Velocly Flow Ale• 'Wei Pe1 Hyd.Aod. Top\Wod. \;//0 Energy 5 Bed 55. SllfAieo ~ 
0 6000.00 4007.72 959 4.67 1161 .81 173.67 6.66 165.87 17.49 O.IJODBJJ 0.35036 42419.06 

..:.J 
P!i-i1oASOIIie: Upobean Grid Elernert Down~room Gnd Elomort Ertot • new cischorge and cicl< 0<1 NEW Q: 

~ (13i60 ["13300 r-o:oo NEWO I ~ 

6.2 MAPPER 

MAPPER is a po t-pr ce sor program that creates maps and plot of the FL0-2D 
model re ults including area of inundation, time variation of hydraulic variables, 
maximum water surface elevations, duration of inundation, impact force, static 
pre sure, peciflc energy, s diment cour or depo ition and thers. MAPPER is the 
primary post-processing program for viewing tl1e FL0-2D imulation results . Three 
types of plots can be generated: 

Grid element plots where each element is a signed a color depending on 
the value of the el ct d plot variable. 

Line and shaded contour map based on the grid element value . 

DTM point depth plot to generate detailed fl ow depth contour maps 
based on grid element water surface elevations and DTM point ground 
elevations. 

The MAPPER manual de cribes the commands and tools and provides instruc
tion. 

6.3 MAXPLOT 

The M.A.,"'{PLOT program is a imple graplucal tool to display the grid elem nt max
imum depth and velocities. 1YIAXPLOT is a simp] alternative to MAPPER that 
quickly display plots of the max.i.mwn floodplain and channel depths , maximum 
street velocity, flnal floodplain d ptl1s and others. I t i faster than MAPPE R but has 
less graprucal resolution and fewer display options. Use MAXPLOT when you just 
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want to get a guick overview of precl.icted fl ow depths and velocities. By zooming 
.in on a given plot, the grid elem ent numb r, maximum flow depth or vel ocity and 
the maximum water stu-face eleva tion can be viewed. The tool bar has option for 
view extents, previous view, pan, a coarse flood contour routine, a coarse 3-D view 
and an option to ave the view as a bitmap. 

1.At"XPLOT can be initiated from the G I Post-processor pull-down menu or it 
can be started from Explorer by double clicking on the MAXPLOT name. A ft r 
opening MfL"XPLOT a blank screen appears with a Main Menu: 

fi 

Click on 'Open' to d.isplay the follo\ving the cl.ialog box: 

r 

(' F~MWruf! Veloci)oj-...n~ dfedlcr'll 

r rMFioodplw.flow Oepttu 

(' Fnd~F'klwV~ [~M~~mm~duPc•i 

f' Charw-oelt-4..-.unfbfDeothl 

f' JroC¥-... Specifi: Erew 

r M-~p._.. po.cepetnNJ I'Iart~~) 

r 

rLcYee frMt:JasdO~ 

r 

r 

Opbonat SflledMtwT"UW~IitldJo!Df!U'l~ V...,_ 

MII'WIU'I I O.IXXXI I Q(QJ) W--.m 

~I 

Activa te one of the plot list d .in the cl.ialog box above by clicking on the racl.io but
ton in front of the plot option and clicking the 'OK' button. You can also set limits 
on the minimum and maximum depths or velocities to d.isplay. The following plot 
d.isplay the combined channel and floodplain maximum flow depth for the Monroe 
project example . 
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J\tf.AXPLOT also has an option to plot a fl oodplain boundary such as the area of 
inundation, level location, or other linear boundary (see the bottom of the above 
dialog box) . The M£\...,"'(P.DAT file lists the bow1dary line locus of points mu t be 
prepared to display the boundary. A series of line boundaries can be prepared. 
Each set of boundary p ints will constitute a separate line. The optional 1\tf.AXP . 
D T fil e format is: 

Line 1. Number of boundary tmits. Each boundary set constitutes a line. 

Line 2. umber of points in each boundary set. 

Line 3 to end. x- and y-coordi.nates of each point listed in columns. 

Repeat Lines 2 and 3 for each bmmdary line et of points. 

6.4 PROFILES 

The PROFILES program serves the dual purpose of being a pre- and post-proce -
sor program. As a p ost-processor program, it will di play a channel water surface 
and bed elevation for any FL0-2D simulation output interval. In order to view the 
predicted water urface elevation in PROFILE , it is necessary to run a FL0-2D 
channel simulation first. The PROFILE program has zoom and print options to 
assist in reviewing the results. 

To view the predicted water urface profiles, click on 'View Profiles' in the Main 
Menu and a dialog box appears: 
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To view the predicted maximum water surface elevation profile, click on the radio 
button lab led 'Maximum Water Surface' and click 'OK'. You can plot the water 
surface at any output interval by entering the time in the text box in the upper right 

corner. The peak discharge can also be plotted a a function of the chann l distance. 
To plot the urveyed or mea ured, the \X.'S RF.D T must be prepared. The file 
format i presented at the end of this section of the manual. 

f-l0·20 CHA/\Ntl BtD AND WAfER SURFACE PROFILES - 4 

Save Ext Prnt View 5egnent Bed Slope Jnterpolote 5el1"0nt Slope/Shape 

There are several option on the Main Menu. You can zo min on given river reach, 
print the i.tnage or label the eli tance along the channel i.t1 river miles. The zoom 
view is hown in the following figur : 

15+ 
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If sediment transport has been imulated, PROFILE S will plot the final bed eleva
tion and the cross section geometry changes a ociated \vjth either scow: or deposi
tion. The image below displays ediment deposition of approximately 1 ft up tream 
of a bridge in the Rio Grande . 

on-uniform sediment distribution on the channel bed can be view when the chan
nel flow is simulated. The cross ection plot below di play the final cross section 
eleva tion in red compared to the cross section elevations at the start of the fl ood 
simulation shown in black. Thi image can be expanded to full view. 

T he user has an option in the water surface dialog box of plotting sm veyed water 
sw:face and bed el vation along with the predicted values . T o plot the surveyed 
water sw:face or channel bed elevation , the \Y/ URF.DAT file mu t be created in 
the following fonnat: 

Optional \' URF.DAT fil e format: 

Please note that PROFILE also has option for editing the channel bed slope and 
thalweg flow depth and for interpolating the slope and cro s ection geometry for 
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the cro s section option. Refer the section on Pre-Processor Programs for a discus
sion on the e featur s. 

2045 
4 4152.22 
8 4151.84 

ote : 

WSURF.DAT File Descriptors 

Line 1: 
Line 2: 
Line 2: 

# of channel elements with a smveyed ws elev. 
Grid E lement \\ 'S ele,•ation 

rid Element \\ 'S eleva tion 

Line 2: T his line is repeated for each channel element with a surv yed ws elevation. 

WSURF.DAT File Example 

2045 
4 4152.22 
8 4151.84 

12 4151.69 
15 4151.55 
19 4151.41 

The surveyed water smface can also be compared directly witl1 the FL0-2D com 
puted wa ter mface in the \'(. TI ffi. O UT (see fil e description in the output fil e 
ection) by creating a W/ TI IE.D A T file. The W TIME.DAT file format i as 

follows: 

156 
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49 

The \X'STIIviE.OUT file will contain: 

Channel element nw11.ber. , time of SutTey (hrs), sutveyed water surface elevation, 
computed water surface elevation, difference between the urveyed and computed 

water . urface and cumulative difference between the surveyed and computed water 
surface ele,·ation . 

WSTIME.D T File D escriptors 

117632 4658.95 240 
117928 4655.80 240 

I ine 1: # of channel elements with a sun·eyed ws elev. 

Line 2: Grid Element \\ 'S elevation Time 

Line 2: Grid Element \'(IS elevation 

otes: 

Lin 2: This line is repeated for each data et. 

WSTIME.DAT ile Example 

49 
117632 4658.95 240 
11 7928 4655.80 240 
119882 4652.28 240 
120580 4650.36 240 
120915 4648.52 240 
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CHAPTER 7 

DEBUGGING AND TROUBLE SHOOTING THE DATA fiLES 

7.1 B ASIC TRO BLE SHOOTING G IDELINES 

tart simple and build on the fl ood model. After all the data flles have been pre

pared, run a ba ic overland flood simulation. Review the results and if you have 

problems consult the troubleshooting tip found in this chapter. 

The first step in debugging the data @es after attempting a FL0-2D simulation 
i to r view the RR R.CI-ll @e. As the model evolves the data error mes

sages are more comprehen ive and detailed. JJ the data errors recognized by 
the model are reported in this @e. One of the most common errors is missing 
data that will invoke an end-of-file error statement to the creen. End-of-file m es
sage are reported to the E RROR.CHK fi.l e. This error occurs when the model 
is searching for more data than is in the data @e. Another common error is to 

activate a component or proce s witch without preparing the required data @e. 
For example, an error will occur if MUD= 1 i.n the CO T.DAT @e, but the data 
@e ED.D T is not prepared or if the ediment concentration in I FLOW. 

DA Tis left out. 

One data error that i difficult to locate i the array allocation violation where 
the array index number may be zero or larger than the assigned value. \'(!hen 

this type of error is ncountered, the FL0-2D model is terminated with an error 
message without indicating the @e location or line entry of the error. To 1 cate 
the data error, sin1plify the simulation and turn off all of the components and add 
them back to the model one at time until the error occurs again. You can r et 
SIMUL in CO T.D T to the model time just after the error occurred to reduce 
time to debug the model. If your attempts to debug an error are ineffective, send 

158 



• 1 9 
- ----
CIIAI'TI 1\ 7 

TI\Olll31 I IIOOTI (, 

• 

• 

a zipped copy of the data files to FL0-2D (support@ fl o-2d.com) and briefly de
scribe the problem . 

You can crea te a et of backup data fi.l e to debug d1e model. et IB KUP = 1 in 
the CO T.DAT fi.l e. The backup @es replicate your data @es and williJ1dicate if 
the computer is reading the data files correctly. The backup file should be identical 
to the original data @e except for spacing. If the program terminates before reach
ing the first output intetv al times tep, d1ere is probably an error in the data @es. Start 
by checking d1e * BAC fi.les one by one. If one of the @es i not complete, this may 
be the location of the data error. 

Review the following @e to analyze volw11e conservation problems: U MMARY. 
0 T, CHVO L l\IIE.O UT, CHA JGRID.O UT, CHA MAX.O UT, TIME .OUT, 
BASE.O'UT, ROUGI-I.OUT, CHAN E L.CHK, and SURFJ\ REA. O T. See the 
'Pocket Guide' for further troubleshooting involving volw11e conserva tion, sti ch."Y 
grid elements listed in the TIME.O UT @e, and numerical surging. The instruc
tional comments at the end of each data @e description in this m anual contaills a 
number of guidelines to a sist the u er in creating or checking the data @e . 

7.2 LIST OF COMMO D ATA ERRORS 

A list of the most common errors associated with rul111ing FL0 -2D is presented 
below and a table for trouble hooting runtime error follows the list. \X1henever an 
error is encountered, refer to the RROR.CHK @e first. 

TABLE 7.1. LIST OF THE THIRTEEN 

MosT CoMMON DATA ERRORS 

1. Missing data entries. Insufficien t data was provided to the model. 

2. witches were activa ted without the corresponding data or @e (for ex-
ample, see MUD , ISE D , etc., in the CO T.DA T fil e). 

3. There was mi sing or additional lines in a data @e when witch is acti-
vated. Obsetve the *** Notes: *** ll1 tl1e @e descrip tions. 

4. Percentages were expressed as a nwnber instead of a decin1al. See the 
de cription of XCO r C in CO NT.D Tor the HP(I,J ,3) variable in I -

FLOW.DAT. 

5. The IDEPLT grid element was in1properly assigned in I FLOW.DAT 
for tl1e graphics mode. 

6. Channel in@tration switch I FCI-IA was not ' turned on' in the INFIL. 
DAT file. 

7. Either one or both of chatU1el and floodplain outflow elements were not 
assigned for a given grid element. 
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TABLE 7.1. LIST OF THE THIRTEEN 

MosT CoMMON DATA ERRORS 

hannel element that are contiguous but do not share discharge were 
not identified with the NOFLOC variables in CHAN.DAT file. 

9. The treet width exc eded the grid element width. 

10. The array size limitation for a variable was exceeded. 

11. The available fl oodplain surface area was exceeded by a igning chan-
nels, streets, ARF's and / or multiple cham1els with too much urface 
area. Review the SURFAREA.OUT. 

12. The rainfall variable R_DISTRIB data was entered as total cumulative 
rainfall instead of the percentage of the total rainfall (range 0.0 to 1.0). 

13. The I ED switch for cbaru1el edin1ent transport wa not 'turned on' 
in the II I .Di \ T file for the cham1el segment. 

7.3 R UNTIME ERRORS 

The following guidelines are provided to a si t the u er tore olve runtime errors. If 
the program stops executing after several output time int rvals but has not reached 
the prescribed imulation time, the problem grid element( ) may be listed at the end 
of the B ~ .OUT file. It may also be listed in the TIME.O T file and it may ap
pear in a dialog box that appear on the screen when the simulation terrninates. The 
user hould review the following data before revising the tability criteria: 

Review the problematic grid element elevation and Manning's n-value for 
the listed grid element as well as the contiguous 8 grid elements. Thi can 
be done in the GD or FLOE IR program. 

Check the charu1el data to determine if the grid element contains a chan
nel and then check the relationship between the cham1el bed and bank 
elevation and the floodplain elevation within d1e grid element. 

Review the floodplain area a ailable within the grid element including loss 
of floodplain area due to channel , treet , RF's or multiple cham1el in 
the RF RE .0 T file. 

Most volmne conservation and numerical stability problems are associat d with 
channel flow. \Vhen constructing a charm I system, it is often neces ary to fab
ricate cross section ge metry, stimat roughness or adjust channel b d slop s. 
Mismatched channel mor1 hology parameters are the primary source of numerical 
stability problems. To compute smoother hydraulics between two channel grid 
elements, adjust the bed slope, cross ection flow area or roughness values. Try to 
avoid abrupt changes in cro ections geometry from one channel element to an-

---------------
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other. The channel fl ow area should make a gradual transition from a wide, shallow 
cro section to a narrow deep cro s ection. An actual cro s section transition may 
occur over several channel grid elements. Adju t the channel geometry so that th 
maximum change in fl ow area between channel elements is about 25% . To address 
chann I problems, consider the following mea ure : 

Increase the roughne in wide, shallow eros section and decrease the 
roughne in narrow deep channel grid elements. 

Reduce the differ nee bet\veen the cross section areas. Avoid abrupt 
cross section transitions between channel elements. djust the channel 

eros section geom.etry in the PROFILES. U ing PROFILE , you can 
interpolate bet\veen surveyed cross ections. 

Review and adjust the bed slope with the PROFILE program. 

elect a longer channel length within the channel grid element. 

7.4 TROUBLESHOOT! G G IDE 

In addition to the following troubl hooting guide, refer t the ' etting tarted 
Guidelines' at the begin of this manual and the Pocket Guide to assi t you in debug

ging rw1t:i.me error . 

Program will not run 

Program stops 

Data error . Turn off d1e component \.vitch until ilie model 
runs. 

The executable program was damaged. Reload the program or 
contact technical upport. 

The model is not properly licensed. Contact technical upport. 

The model run is terminat d before the first timestep or after a few 

t:i.mesteps wid1 data file error indicated on the creen 

Review the E RROR.CHK file or the data file identified by the 

program error message. 

Review the backup file (* . Bi\C). 

Review the Li t of Common D ata Error . 
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Program stops 

The rnodel run is terminated after several tim steps indicating a nwnerical 
stability error. The grid element causing th tability error is listed on the 
creen instability dialog box or at the end of the Br\ E.O T file. 

Stability criteria were not met. 

Review and revise the elevation and rougl111ess data for the indicated grid 
element. The ROUGJ-I.O T and TIME.O T files 'vvil.l help to locate the 
problem grid element. Also, check the contiguous grid elements to the 
problem element in the 8 directions. 

Volume conservation 

The volume con ervation may indicat either a lo or gain of volun1e. A 
review of the :MMARY.O T and CHVOLUME.OUT will reveal if the 
volwne conservation error is in the channel or on the fl oodplain. Volwne 

conservation problems are indication of data error. 

Discharge surging 

Surging (alternating from low to high discharges) is u ually associated with 
channel flow. Floodplain urging can occur but i less co1111non. Revi w 
the maximwn fl oodplain velocities in I'viA..<'{PLOT and in the VEL TIME . 
0 T and VELTI !ffiFP.O T file . measonable maximwn velocities 
should be addre sed. Other files to revi w for indications nwnerical surg
ing include HA ,IA..YOUT, HY I-:T.A .OUT, CHA T BILTY. 
0 T, TI ffi. UT, and ROUGH.O T files. The hydrograph plots in the 

HYDROG program may display pikes to indicate surging. ome quick 
checks for data error would include OFL C and NOEXI-IANGE a -
signments, missing 0 TFLOW node , and overbank flow around an in
flow node. 

OTE: hannel urging may occur and till meet volwne conservation. 

Supercritical flow 

Supercritical fl ow is not necessary a problem, but its occurrence should be 
limited to conditions where it is expected such as in street , concrete chan
nels or steep bedrock watershed . up rcritical flow on alluvial surfaces 
should be avoided. 

Numerical Instability : 

The chatmel surging may be related to numerical instability, abrupt changes 
in channel geometry, inappropriate lopes, supercritical flow or variable 
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mudflow sediment concentrations. l\llismatched slope, flow area and n
valu s ar the mo t common cau es of channel in tability. combination 
of methods can fix instability. 

brupt changes in slope or severe adverse slope may cau e in
stability. se the PROFILES program to fix irregular bed slope 
conditions. 

Review the cross section flow area over several channel ele
ments in PROFILES. Eliminate any abrupt changes in cro s 
section areas between channel elements. If the surging occurs at 
low flows, review only the bottom portion of the cross section 
not the bankfull conditions. 

Decrease the WAVEMAX and DEPTOL variables in the 
TOLER.DAT file. Suggested minimum values: \'\IA'/E~"( = 
0.1; DEPTOLCH = 0.10. 

Insufficient floodplain area. mall floodplain urface areas can 
exacerbate unsteady flow. Review SURFAREA.O T and in
crease the available grid element surface area for flood storage. 

Increase then-values for the grid elements in the vicinity of the 
surging Bow. 

Adju t the floodplain grid element eleva tion around the prob
lem element. 

Increase the channel length within the grid element. 

The hydraulic structure discharge rating curve or table may be 
1 oorly matched with the upstream or downstream channel hy
draulic . Review the hydraulic tructure rating curve or table and 
compar the discharge values to tho e found in the HYCH ' 
OUT file for that particular channel element. 

Unexpected supercritical flow on alluvial surfaces: 

Adju t the limiting Froude number using the fR UDL variable 
in the CO T.D T file or the FROUDC variable in the CI-IA . 
D.AT. 

Increase the floodplain or channel rouglmess values. 

Modify the slope. The grid elevations assigned by the GDS may 
not be representative of the field condition. Change the grid 
element elevations to make the channel or floodplain slope more 
uniform . 

Variable mudflow sediment concentration: 
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Review the sediment concentration in the inflow hycL:ographs in 
the I FL \XzDJ\ T file. 

FL0-2D simulation runs slow 

Review the TJl'vfE.O T file to identify the element that have caused most 
of the timestep reductions. Small tim steps are the result of the model 
continually exceeding the numerical tability crit ria for a small group of 
grid element . The change in flow d pth for a timestep may be too large. 
One of primary reasons for a slow flood simulation i that the relationship 
between the discharge flux and grid element surface area is poor. The rate 
of change in the discharge is too high for the selected grid element size. 
Increasing the grid elemen t size i the best way to fix a very slow model. 
Other solutions may include: 

Adju t the channel geometry in transition reache . 

reate a more uniform cha1mel or floodplain slope. 

Revise the roughne s valu or limit the supercritical flow. 

Reduce th channel width, street width, ARF values or other 
paramet rs to increa e the floodplain urface area. Review the 
S lU=<AREA.O T file. 

Increase the grid element size (a last resort) . 

Graphics display is not activated 

The graphic display is controlled by four variable : LGPLOT and GRAP
TI f found in the O r TD T file and IDEPLT in I FLOW.D T IDE 
PLT is the floodplain or channel inflow grid elements whose hydrograph 
\vill be pl tted on the display. 

et L PL T = 2. 

Check the GRAPTIM variable for an acceptable update interval. 

Make sure that the IDEPLT variable matches an inflow grid ele
ment ha a hydrograph as igned to it in I FLO\X .DAT 

Ihe inflow hydrograph does not plot in the graphics display 

o hydrograph is as ociated with the IDEPLT variable. 

The hycL:ograph duration is too long. Reduce the hycL:ograph 
length. 

The rainfall duration is too long. Reduce the rainfall time. 

Inappropriate peak di charge or total rainfall value distort the 
scale for hydwgraph plot. 
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Program stops. Flow depths exceed I 00 jt 

Flow depths grea ter than 100 ft cause the FL0-2D program to terminate. 
If fl ow depth grea ter than 100 ft are expected consult technical support 
to have the model code revi ed . If depths of 100 ft are not expected, then 
excessive pe nding or surging i occurring. 

Identify the problem elem nt in tlA.x.PL T or check the end o f 
the BA E.O UT file to identify the problem grid. 

Check TIME. OUT to determine if the problem clement i als 
cau ing the m odel to nm slowly. 

Check the eleva tion of d1e problem grid element in the 
FPLAI .n \T or in the G D . 

If the depressed element is a gravel pit or some other real fea
ture, increase the n-value to decrease the vertical velocity into the. 
pit. 

E rratic discharge in the channel elements. 

review of plotted hydrograph in I YDROG or an examination of the 
CHA IVuLYOUT or HY Hr\ .O UT files will reveal if the flow dis
charge between contiguous channel elem ents is surging with pike when a 
con istent rise or fall of the downstream discharge i expected. 

Channel urging can be natural phenomena. Rivers rise and fall over a few 
t nths of a foot in matter of second . During high flow, d1e variation in 
discharge associated wid1 stage change ~0.2 ft can be 1,000 cfs or more. If 
no cham1el surging i expected, d1ere are several solutions: 

Channel grid elements that are contiguous but do not har e 
discharge mu t be identified in the C I .DAT file. N OFLOC 
vari ables in the H .DAT may not be properly assigned. ee 
the CO FLU CE.O T file. The O FL01 or O FL02 
grid element were misidentified. 

The channel grid elements in the CH 
GlUD) in lin 3 are mislabeled. 

Erratic flow in the floodplain grid elements. 

.D T file (I CH 

rratic fl ow in th floodplain grid elem ents i usually the result of error in 
the PLAI .Dr\ T fil e. This type of error generally occurs when the u er 

edits the FPLAI .D T fil e manually and adds, subtract or moves grid 
elements around. Virtually all erratic flow conditions on the floodplain 
can be corrected by r vision either to n-,·alue or ele,·ation in the GD 
or FLOE VIR. 
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Channel extends through anothe1' channel element. 

The right channel bank assignm ents are au tomated in the GD and 
FLOE VIR. The multiple left bank el ments can be a igned to the ame 
right bank on a river bend. The line connecting the left and right bank ele
ments cross other bank connecting lines the model will r sult in an error 
message reported in E RROR.CI-IK J1le. 

The channel bank elements can be viewed in the GD and FLOE VIR. If 
there is a problem \vith the channel outline, simply revised the right bank el
ement. The right bank element can be any grid element if it does not cross 
another connecting channel bank line. right bank elernent can connect 
to mar than one left bank element. 

Program stops; identifying one or more grid elements with too little floodplain 

surface. 

The model will report an error in E RROR. HI if the channel right bank 
has is too little surface torage area on the floodplain portion of the el -
ment. If thi problem occurs and the floodplain surface is le s than 5%, 
then there are everal solution : 

Reduce the ARF value, multipl chatm l area or street ar a. 

The chatmel area can be reduced by decrea ing the XLE van
able or top width, which is a function of the channel in the natu
ral channels, the side slopes, or the bottom width in the trapezoi
dal cross ection or the width in the rectangular era s section. 

As a la t resort the grid element size can be increased, but this 
requires the re-generation of th grid sy tern. 

CADPTS.DAT errot 

If grid elements are added or deleted to grid ystem and the FPLAI .DAT 
file is revised, the C DPT .D Twill report error if it i not also modified. 
The CADPT .D T J1le must be changed to reflect the revisions in the 
FPLAI .DAT file. se tl1e HE I "' R program to verify tl1e accuracy of 
the revi ion in the FPL I I .DA T J1l e . 
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I. Introduction 
FL0 -2D Mapper is a post-proce or program that create maps and other plots of the 

FL0-2D model resul ts including hydraulic variables, water surface elevation , duration of 
inundation, impact fo rce static pressure, specific energy, sediment scour or deposition and others. 
Three type of map plots can be generated: 

• G1id element plots where each element is assigned a color depending on the va lue of the 
selected plo t vari able. 

• Line and shaded contour maps based on the grid element va lue . 

• DTM points to generate detai led fl ow depth contour plots based on grid element water 
urface elevation and DTM poi nt ground elevations. 

Mapper can al o generate dep th and velocity versus time graphs at user selected locations, fl ow 
depth profi les along user defin ed sections, flood damage plots, and hazard maps. Mapper utilizes 
the capabil iti es of the MS-Windows™ operating system. The plots can be constructed 
interactively using mouse poin t and cli ck events. Mapper upports the English and the Sl system 
of uni ts. Mapper includes the following fea tures: 

• 
• 

• 
• 

• 

• 

• 
• 
• 
• 
• 
• 

ESRI MapO bjects© GIS software controls . 

ESRI shape fi le fo1matted da ta for land u e, soi l types, and Manning roughne 
coefficients, etc. can be imported. 

ESRI Arclnfo ASCII g~i d fi les containing teiTain elevations can be imported . 

Mul tiple geo-referenced ae1ia l photos in various graphic fom1ats can be imported such as 
TIFF, BMP, JPG, etc. as backg~·ound to fl ooding result . 

Mul tiple ESRl Arclnfo ASCil g~id fil es listed in a tile and index cata log file and 
referenced to a user defined polygon over the gJid system can be imported. 

Multiple image fil es such as aeria l photos li sted in a til e and index catalog fil e and 
referenced to a user defined polygon over the g1i d system can be imported. 

Mul tiple layer edit capabil ity, including control of layer properti es . 

Zoom features and a pan di splay enable views to be adj usted . 

Polygon and mouse painting can be used to selected grid elements . 

DTM points can be de leted and DTM point fi les saved . 

A map template for supporting map creation and editing is ava ilable . 

G1i d element, line and shaded contour plots of the fo llowing FL0-20 resul ts: 

./ Ground surface elevati on 

./ Maximum wa ter surface elevation 

./ Floodplain max imum and fi nal flow depth 

./ Floodplain maxim um and final velocity 

./ Channel maximum flow depth 

./ Combi ned max imum channel and fl oodplain flow depth 

./ Combined maximum channel and floodplain flow velocity 

./ Street fl ow max imum depth and velocity 

./ Maximum sediment cour and deposition 

./ Final bed elevation 

./ Duration of inundation 

./ Impact fo rce 

./ tatic pressure 



• 

• 

• 

./ pecific energy 

../ Levee freeboard deficiency 

../ T ime of fl ood to 1ft, 2ft, and max imum depth. 

• Velocity vectors can be di splayed cotTesponding to the velocity magnitude. 

• Flood animation can be viewed to review fl oodwave progress. 

• Plot of depths versus time or velocity versus time at any user selected grid element or 
group of grid elements. 

• Flow depths and topography profil e cuts can be plotted. 

• Flood damage ( ) can be estim ated based on cost tables for inundated build ings. 

• Hazard maps based on user defin ed depth and velocity times depth th resholds as function 
of fl ood frequency can be generated. 

• DTM shaded contour plotting algorithm based on Ttiangulated lJTegular Network (TIN) 
generation . 

• U er defined exclusion areas fro m the shaded contour plots. 

• Automatica ll y generated ESRI shape fi les for all map plots tha t can be imported into 
ArcGI S • for further processing. 

• lnline help system. 

IMPORTAN T NOTE: For the Mapper ystem to operate properly, the MS-Windows rM 

environment mu t be et to a numberformat with decimal point u ing the International 
(Regional) option of the Control Panel . 

1.1 Getting Started with Mapper 
Mapper is automati ca lly installed wi th the FL0-2D model install ation. The Mapper 

program is located in the FL0 -2D subdirectory and an icon can be placed on the desktop. To 
start the program by double-clicking the Mapper icon or on the MAPPER.EXE fi le in Explorer. 
You can also stmt by cli cking on Mapper in the GUI Post-Processor pu ll-down menu : 

TOLER.DAT 

INFLOW.DAT 

OUTFLOW.DAT I 
r I FPXSEC.DAT 

Mapper main window will appear: 

f.' Metric r Backup File 

2 
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Fie Vtew Tools Help 

365.099.72 1.186.458.00 feet 

To load FL0-2D results use the Read FL0-2D Results Command ... in the Fi le Menu . 

~w Tools Help 

Read FL0-20 Results ... 

I fl1)0ii I mage 

I fl1)0ii Elevation Points 

Import Shape File ... 

I/11)01i ASCII Grid File ... 

RU1 PROFILES 

RL11HYDROG 

CreatE Shape File for Current Time • 

CreatE Grid Shape File 

Export.. 

Copy ... 

Print.. 

CreatE FL02DGIS.OUT ... 

Exit 

A dialog box appears to select the project FPLAIN.DAT file: 

Open ITI~ 

Look;, I Goa 

~ 
! FPLAIN.OAT 

My Receot 
Oocuneric 

Oecktop 

_) 
My Doct..rnents 

MyCom,xier 

f je name; l:m3llll!i 3 Open 

MyNetwOO. Fletol twe; j(FPIAJN OAT) 
f'lecet r ooen .. •ead«1\i 

=':7:"::7:7------3-,· Coneel 

You need only to select the FPLAIN.DAT data file . The other required and companion files are 
automatically read from the same directory. Once the files are loaded , Mapper will di splay the 

3 
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Ground Surface Eleva tion density plot: 

Grid Element Ground Surface Elevation 

"!" .. 

IMPORTANT OTE: You mu I have completed a FL0-2D flood simulation and the *.OUT files 
have to exi I in the same direct01y a the FPLAJN.DAT fi le. 

1.2 Display the Initial Flow Depth Plots 

The initial flow depth maps that Mapper creates are the grid element plots where each 
grid element is assigned a color depending on the va lue of the selected plot variab le and lines and 
shaded contours plot . To create a plot of grid element max imum depths, click drop-down anow 

besides the Depth Plot Icon J!l.:J You wi ll get the following drop-down menu : 

!:· 
Max Flow Depth 

Max Flow Depth (Contoo.rs) 
Max Flow Depth (Shoded Contoo.rs) 

Fnal Floodplain Flow Depths 
Fn.i Floodploin Flow Depths (Contoo.rs) 
Fnal Floodploin Flow Depths (Shoded Contoo.rs) 

Max Chomel Flow Depths 

Max Chomel Flow Depths (Contoo.rs) 
Max Chonnel Flow Depths (Shoded Contou-s) 

Max Cornbiled Channel ond Floodploln Flow Depths 
Max Cornbiled Channel ond Floodploh Flow Depths (Contou-s) 
Max Cornbiled Channel ond Floodploil Flow Depths (Shoded Contoo.rs) 

Max street Flow Depths 

Max street Flow Depths (Contoo.rs) 
Max street Flow Depths (Shoded Contoors) 

4 
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Each plot group has three options: a grid element plot, a line contour plot and a shaded contour 
plot. To display the grid element maximum flow depth, click Max Flow Depth: 

1'1a< Flow Depth 
Max Flow Depth (ContOlXs) 

Max Flow Depth (Shoded Contours) 

Final Floodplain Flow Depths 

Final Floodplain Flow Depths (Contours) 

Final FloodplaiJ Flow Depths (Shaded ContoU's) 

Max Chennel Flow Depths 

Max Chennel Flow Depths (Contours) 

Max Chennel Flow Depths (Sheded Contours) 

Max Combined Channel and Floodplain Flow Depths 
Max Combired Chennel and Floodplain Flow Depths (Contours) 
Max Combined Chennel and Floodplain Flow Depths (Sheded Contours) 

~x Street Flow Depths 
Max street Flow Depths (Contours) 

Max street Flow Depths (Shaded Contours) 

An example of the Mapper maximum depth plot: 

For the maximum depth line contour plot, click on Max Flow Depth (Contours) : 

r- · -.. .:L~ __ :L .. ! . .:.l .::..:L£1 
Max Flow Depth 

l•la> Flow Depth (Contours) 
Max Flow Depth (Sheded Contoo.xs) 

Final Floodplain Flow Depths 

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

Max Chennel Flow Depths 

Max Chennel Flow Depths (Contoo.xs) 
Max Chennel Flow Depths (Shaded ContO<Xs) 

Max Combined Channel and Floodplain Flow Depths 
Max Combined Chennel and Floodplain Flow Depths (Contoo.xs) 

Max Combined Channel and Floodplain Flow Depths (Shaded ContO<Xs) 

Max street Flow Depths 
Max street Flow Depths (ContO<Xs) 

Max street Flow Depths (Shaded ContO<Xs) 

5 

lo~ 

5.9 

5.2 

•• 
3.9 

3.3 

2.6 

2.0 

13 

0.7 

c::.O.O 
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Mapper will display the maximum flow depth contour lines plot: 

Finally, to display the shaded contours for the maximum depth, click on Max Flow Depth 
(Shaded Contours): 

E · ~ ·J ott .:1 ".:1 "'"f .:J_£1 
Max Flow Depth 

Max Flow Depth (Contours) 
Ma:-c Flow Depth (Shaded Contour$) 

Finol Floodploin Flow Depths 
Final Floodplain Flow Depths (Contours) 

Finol Floodplain Flow Depths (Shoded ContOU'S) 

Max Chomel Flow Depths 
Max Channel Flow Depths (ContO<Xs) 

Max Chomel Flow Depths (Shoded Cont<>Js) 

Max Combi1ed Chamei and Floodplo<> Flow Depths 
Max Combi1ed Chomel and Floodplan Flow Depths (Cont<>Js) 

Max Combi1ed Chomel and Floodplo<> Flow Depths (Shoded Contours) 

Max street Flow Depths 

Max Street Flow Depths (Contours) 

Max street Flow Depths (Shaded ContO<Xs) 

The maximum depth shaded contour plot in Mapper is displayed as follows: 

6 

59 

52 

46 



• Mapper plots for most of the other FL0-20 output vmiab les are constructed in a similar manner. 

• 

• 
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IL Too/bar Plotting Buttons 
Most Mapper pl ots are accessibl e through the too lbar: 

FL0 -20 Mappe1 

Fie View Tools Help 

·~ 1 ~ 1~1 ~ :t:: .:J !! .:J E.:J ~ .:J ~.:J 2..:J !:. .:J ±:: .:J !: .:J ~ 

The toolbar conta ins bu ttons that generates maps of the FL0-2D resu lts. ote that some 
or the toolbar buttons are grayed out because they are unavailab le if Mapper does no t fi nd the 
required FL0-2D output fil es . Each icon bu tton ha a drop-down arrow to access the available 
plots. 

Grid element based plots 

~~ ... Ground SUJface Elevation 

~L:J 

DTM based plots 

Max imum Water Surface Eleva tion 

Maximum Flow Depth (F loodplain) 
Final Floodplai n Flow Depth 
Maximum Cha1mel Flow Depth 
Maximum Combined Channel and Floodplain Flow Depth 
Maximum Street Flow Depth 

Maximum Velocity (F loodplain) 
Maximum Street 
Maximum Combined Channel and Floodpla in Flow Velocity 
Final Flow Velocity 

Duration of Inundation 
Impact Force 
Static Pressure 
Specific Energy 
Levee Freeboard Deficiency 

Time for Depth 

Hazard Maps 

Maximum Deposition 
Max cour 
Fi nal bed elevation 

Ground urface Elevation 

8 
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Max imum Flow Depth 

Digita l Flood Insurance Rate Map Tool (explained in a separate manual) 

Every icon has a drop-down arrow that displays a menu for each available plot a fo llows: 

2.1 Plot of grid element ground surface elevation 

Ground Surf ace Elevation 

Ground Surface Elevation (Contours) 

Ground Surface Elevation (Shaded Contours) 

2.2 Plot of grid element maximum water surface elevation 

Max Water Surface Elevation 

Max Water Surface Elevation (Contours) 

Max Water Surface Elevation (Shaded Contours) 

2.3 Plot of grid element maximum flow depth 

• 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) 

• 
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2.4 Plot of grid element velocities 

Max Velocity 
Max Velocity (Contours) 

Max Velocity (Shaded Contours) 
Max Velocity (Vectors) 

Max Street Flow Velocity 

Max Street Flow Velocity (Contours) 
Max Street Flow Velocity (Shaded Contours) 

Max Channel Flow Velocity 
Max Channel Flow Velocity (Contours) 

Max Channel Flow Velocity (Shaded Contours) 

Final Flow Velocity 

Final Flow Velocity (Contours) 

Final Flow Velocity (Shaded Contours) 

2.5 Impact force and other variable plots 

n of Inur dat1on 

lo of Inur dat1on - ntours) 

bo. of lnJrda 1on(S~dded: rtour!.l 

Impact Force 

Impact Force (Contours) 

Impact Force (Shaded Contours) 

Static Pressure 

Static Pressure (Contours) 

Static Pressure (Shaded Contours) 

Specific Energy 

Specific Energy (Contours) 

Specific Energy (Shaded Contours) 

tours) 

10 
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2.6 Time for Depth 

Initial Time fur One Foot 

Initial Time for One Foot (Contours) 

Init ia l Time fur One Foot (Shaded Contours) 

Initial Time for Two Feet 

Init ial Time for Two Feet (Contours) 

Initia l Time for Two Feet (Shaded Contours) 

Time for Maximum Depth 

Time for Maximum Depth (Contours) 

Time for Maximum Depth (Shaded Contours) 

2.7 Plot of grid element maximum deposition, maximum scour and final bed elevation 

•• ~ · 

Max Deposition 

Max Deposition (Contours) 

Max Deposition (Shaded Contours) 

Max Scour 

Max Scour (Contours) 

Max Scour (Shaded Contours) 

Final Bed Elevation 

Final Bed Elevation (Contours) 

Final Bed Elevation (Shaded Contours) 

2.8 Plot of DTM point ground surface elevation 

;-=- .. 
.=:::::, ~ 

DTM Points Ground Surface Elevation 

DTM Points Ground Surface Elevation (Contours) 

DTM Points Ground Surface Elevation (Shaded Contours) 

2.9 Plots of DTM point maximum flow depth 

.!3.· -
DTM Points Max Flow Depth 

D TM Points Max Flow Depth (Contours) 

DTM Points Max Flow Depth (Shaded Contours) 

The left side of the bottom tool bar also has data boxes that display the x-coordinate, y
coordinate g~id element number ground and water surface elevation, and max imum fl ow depth 
and velocity when the mouse cursor passes over the grid element point on the fl ow domain. 

550,943.60 971 .155.40 meters 4,627 1,305.97 1_307.50 1.53 2.56 

11 
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III. Mouse Button Contmands 
3.1 Zoom in (left mouse button) 

You can zoom-in on the working region using a rectangu lar viewing area . C lick the left 
mouse bu tton to position the pointer on one the verti ce of the desired area and drag the mouse to 
the opposite vertex . The mouse pointer changes to a cross-shaped poin ter and a rectangle appears 
to outline the selected area. When the left button is released, the selected rectangular area is 
magn ified to the fu ll creen. 

3.2 Color cale repositioning (left mouse button) 

A color sca le is usually placed at the right of the graphs. The user can reposition it by left 
clicking the mouse on the sca le and draggi ng it to the desired position . 

meters 

11 7 

10 4 

91 

7 8 

65 

5 2 

39 

2 6 

1.3 

<= 00 

3.3 Distance scale repositioning (left mouse button) 

A distance sca le i placed at the right of the graph below the color sca le. The user can 
repos ition it by left cli cking the mouse on the scale and dragging it to the desired position. 

0 1,000 

500 
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3.4 Right Click on Contour Graphs 

This option is activated by clicking the right mouse button over the displayed plot 
Contour intervals and other options can be adjusted for all line contour and shaded contour plots. 
After cl icking the right mouse button on the plot , a dialog box appears: 

Contour Map. Grid Element Surface Elevation 

Contoo..ts desaiption 

<.<rber ol contOUJ• r. ~ 

looement r 

Contoo..t values r 
Mox. volue: J481 7.79 

Min volue: 117.464'""6::-:.1-::-2 --

B.est01e Deloults I 

Contoo..t smoothness (0 to 1 0) ro--
r 
r Drrit lower contOUJ 

LaQels... I r Show lobeb 

QK .Concel 

In this dialog box, you can select between three option to display contours or shaded contours: 

• Define the Number of contours to display equal increment contours between the 
minimum (Min . value) and maximum (Max. value). 

• Specify a contour Increment to display the contours in successive increments starting 
with the minimum va lue (Min. value). 

• pecify a list of Contour values you want to display. You may Add or Delete any value 
from the list and Clear the whole list. 

The remaining options for all hydraulic variab les include: 

Contour smoot/me (0 to 1 0) selects a level of resolution for the contours. A higher val ue for the 
contour smootlmess requires more points for the contour interpolation, but it will also 
significantly increase the contour computation time. 

Omit lower contour eliminates the lower contour. 

Gradual contour construction selects an altemative contour building algorithm that will produce 
better contour graphics for certain plots. 

Filter cells with zero flow depth works only for flow depth contour plots. When this option is 
selected, only the g~id elements with flow depth greater than zero are considered when 
developing the contours . 

13 
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I V. Legend and Scale Controls 
Mapper provides a number of functions to edit and customize the plot legend . Initially 

the legend is automaticall y set to the ra nge of va lues of the selected plot. The legend can be 
dragged to any location on the plot. The following legend shows I 0 ranges using the rainbow 
colors: 

meters 

117 

10.4 

91 

7.8 

6 5 

5.2 

39 

2.6 

1 3 

<-= 0.0 

To customize the legend, right click on legend to display the following dialog box: 

I cgcnd Propcrhcs 

N.m...olcoio<•n looend ]10 

N-..ol velues n le9enct ]"'10,.-----

You may change the number of colors (range values that defaul t to l 0), the number of va lues 
(numbers associated with the color ranges) , and the number of decimal places. You may also use 
check box to round the numbers to the nearest integer va lue. Using the Fon t ... button, you can 
di splay the font editor dialog box to change legend font type, style and size: 

Fon1 (1]~ 

Frt Font style. 5..: 
jJII>i!W! , /Reo<-1., /10 ~ 

~5 5eol I talc: fq. ~ 
'Jr ~5UI Gol!ic Bold 12 

~ ~TE"'' Boldlta!c: 14 
MVBol 18 

~ N.,.opcl 24 
NSinS111 

Ellecu 5<rr<>le 

r 51rkeout 

r u"""""" AaBbYyZz 

Color ,_ Block ::J 5cnpt 

]w..tom ::J 

The scale indicates a reference distance coJTesponding to the plot scale. You can also drag the 
scale to any position in the plot window . 

9f----lf--- ---'-"!1 .qoo 
500 
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V. Hazard Maps 
Mapper can create flood hazard maps based on a methodology developed by Garcia et al. 

(2003, 2005). The hazard delineation map criteria used in Mapper were first proposed in the 
PREVE E, 2001 project, where it was applied to two alluvial fans in Caracas, Venezuela and 
later adapted and applied to other urbanized alluvial fan Garcia eta!. (2003 , 2005). This 
approach fol lows Swiss and Austrian standards that establish three zones to delineation the flood 
hazard level (for more di cuss ion refer to OFEE et a!. 1997, Fiebiger 1997). 

Flood hazard level at a specific location is a function of both flood in ten ity and 
probability. Flood intensity is defined by the flow depth and velocity. Flood probability is 
inversely related to flood magnitude. Large flood events occur Jess frequently. Flood hazard 
level is then defined as a discrete combined function of the event intensity (severity of the event) 
and return pe1iod (frequency) a shown in the fol lowing figure. 

HIGH 

~ 
Vi 
z MEDIUM 
w 
~ 

:!!!:: 
LOW 

PROBABILITY 

Return Period 

Probablity of Exceedence 

HIGH MEDIUM LOW 

10 100 500 

10% 1% 0.2% 

II High Hazard (red) 

0 Medium Hazard (orange) 

D Low Hazard (yellow) 

white or yellow lines 

VERY LOW 

>>500 

«0.2% 

In the above figure, the probability limit are defined for return pe1iod of I 0, 100 and 500 years . 
The user can select other return periods to construct the flood hazard map. A flood hazard map is 
based on the three color levels to defi11e high (red), medium (orange) and low (yellow) level. 
These map colors trans late into specific potential hazard areas as shown in the following table . 
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FLOOD HAZARD DEFINITION 
Hazard Level Map color Description 

High Red 
Person are in danger both inside and out ide their house . 
Structures are in danger of being destroyed. 
Per on are in danger out ide their hou e . Buildings may 

Medium Orange uffer damage and possible destruction depending on 
construction characteristics. 
Danger to per ons is low or non-existent. Buildings may 

Low Yellow uffer little damage , but flooding or edimentation may 
affect structure interiors. 

To define the event intensity, simi lar methods use a combination of flow depth and velocity. The 
Austrian method (Fiebiger et al. 1997) uses the total energy defined by: 

h + if!2g 

where h is the flow depth, v is the velocity and g is the gravitational acceleration. The wiss 
method (OFEE et al. 1997) defines the intensity in tem1s of a combination offlow depth hand the 
product ofh and v. This approach enables high intensity to be assigned to high flow depth 
independently of the flow velocities. Following the wiss method, the flood inten ity criteria 
used in Mapper make the di stinction between wa ter flooding and mud or debri s flows. Intensities 
are defined in tem1s of the maximum water depth and the product of the maximum velocity 
multiplied by the maximum depth . The e criteria to define flood intensity differ from the Swiss 
method in several aspects. For example, the wiss method for debri s flow intensity estimation 
establishes that a high intensity event occurs when h > 1.0 m AND vh > 1.0 m2/s. Considering 
the specific conditions in project, it may necessa ry to change the hazard level thresholds. ln 
Mapper the user can input va lues for flow depth and velocities that define the intensity 
thresholds. For the case of water flooding, the flood intensities could be defined by the selection 
of values in the following table. 

DEFINITION OF WATER FLOOD INTENSITY 
Product of maximum depth h times 

Flood Intensity_ Maximum depth h (m) maximum velocity v (m2/s) 
High h > 1.5 111 OR v h > 1.5 mL/s 

Medium 0.5 m < h < 1.5 m OR 0.5 mL/s < v h < 1.5 m•/s 
Low 0.1 m < h < 0.5 m AND 0.1 m•/s < v h < 0.5 mL/s 

Mud or debri s flow events are more destructi ve than water floods, therefore, the mudflow 
intensity criteria are more conservative. 

DEFINITION OF MUD OR DEBRIS FLOW INTENSITY 
Product of maximum depth h times 

Flood Intensity Maximum depth h (m) maximum velocity v (m%) 
High h > 1.0 111 OR v h > 1.0 mL/s 

Medium 0.2 111 < h < 1.0 111 AND 0.2 m < v h < 1.0 m•/s 
Low 0.2 m < h < 1.0 m AND v h < 0.2 mL/s 

The hazard criteria encompass the probability of occuJTence of a water or mudflow event for 
three selected return periods. This requires the FL0-20 simulation of the three selected flood 
events. The model predicts the maximum depth and velocities for each return period flood . For 
each g~id element, the event intensity for a retum period flood detem1ines the hazard based on the 
above criteria . 

16 



• 

• 

• 

The Hazard mapping function is accessed by the button: .....!..:J. Clicking the drop-down li st 
arrow and Hazard Map: 

Hazard Map (Shaded Contours) 

The following di alog box is displayed: 

Hd.Zdrd M4p Intensities 

5 0Ufce Data 

r. Use currenl data 

RetumPeriod r Read hom these cifeclor;es 

[years) 

I _j 

I _j 

I _j 

Type ol Everl 

r. W.te1 lbodilg r Mud ond delllic 1\ow 

Wd.e~ lbod Mo»mum depth h (leet) l ogical Puxluct ol maxi»Lm doplh h linet 
eventnten~ opel'alion maxinum vekrly v (leei"2/c) 

High h >• ~ OR vh >• ~ I 
Mecium h > · [1.64 OR vh >• [1.64 J 
low h > . [0.328 AND vh >• [0.328 

J 

F~ Style: I Soid :::J 

t:llflll'A• !.!•• Previous I Cancel 

You have two principal options in the dialog box : I) Use current data in the project fo lder; or 2) 
Read the FL0-2D results for tlu-ee completed retum period flood events . For the latter case you 
need to have completed flood simulations in separate directories as shown in the following dialog 
box . 
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• Hazard Map lnlensit1es 

ScuceData 

r Use axred dala 

Ret..,nPeriod Ci' Read from these diectorm 

(ye ... ) 

ro- IC:\Fl0-201200>.011P!ojecu\GOill_ 1 o 
~ 

[iill IC:IFL0-2DI200>.011P!ojeo!s\GOill_ 100 
~ 

[5iil"" IC:\Fl0·2DI200>.011P!ojeo!s\G00\_500 ~ 

Type ol Even! 

r. Woteo flooding r Mud ond deb!~ flow 

Wot.e~llood M._.. deplh h (teet) LoOcol Pooducl ol momun deplh h lines 
event r.tens«y opo<ol.oon """'mum~ v (feet"V•J 

High h>• 1492 OR vh >· F-92 

Medun h>. ~ OR vh >· 11.64 

Low h>. 10.329 AND vh >• lo.329 

FJ Sl)lfe: I sold :::J 

• It C""""'• Jl Use P1evious J 

For the above project, there are three flood simulations: 

1) A 10-year return period flood in directory C:\FL0-2D\2006.01\Projects\Goat_ IO. 
2) A I 00-year return period flood in directory C:\FL0-2D\2006.0 1 \Projects\Goat_ l 00. 
3) A 500-year return period flood in directory C:\FL0-2D\2006.0 I \Projects\Goat_SOO. 

The resu lting haza rd map appears as follows: 

• The colored grid elements represent the low, medium and high flood hazard. The conesponding 
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• shaded contour plot is initiated from the pull-down menu : 

.. . _.:ld 
H~z~rd M~p 

''M'IMM!!IN'911G 

• 

• 
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VL Flood Inundation Contour Maps 
Mapper allows you to customi ze the line and shaded contour map plots. To initiali ze the 

editor dialog box, right-click anywhere on the contour map. 

Contour Map. Grid Element Max. Flow Depth 

Contours description 

[F{~_iii.~~.!.:~r.E.~.~til.U.i:.~ r. ro--
lncrement r 

Contour values r 
Max. value: 15.89 
Min. value: r:lo ____ _ 

Contour smoothness (0 to 1 0): lo 

r Filter cells with zero flow depth 

~ Omit lower contour 

r Closed contours only 

La!lels .. . r Show l<!>bels 

QK J;;ancel 

flestore Defaults I 

First, you may want to adjust the number of contours or the contour increment. There are three 
options: 

• Number of Contours: Edit the number of line or shaded contours. The contour va lue 
interval (increment) is equal to (Max. va lue /Min va lue)/ (Number of contours) . 

• Contour Increment: Selecting thi s option requires inputting the contour increment in the 
text box. The lines or shaded contour will start at the minimum va lue (Min. value) and 
continue to the contour closest to the maximum va lue (Max. value). 

• Individual Con tour Va lues: U e thi s option to assign specific contour values. 

To enter specifi c contour increment va lues, first cli ck the Contour value radio button, and then 
cl ick the Add button . The following input box wi ll be di splayed: 

Contour Level 

Contour value: lo.5 

8dd Qose 
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Input the des ired contour interva l va lue and cli ck on the Add button . Repeat thi s procedure for all 
desired contour increment values. 
The fo llowing defi nitions and conh·ols are ava ilable in the above dialog box: 

• Max. value: The max imum va lue for the variable being plotted. Mapper automatica lly 
detennines the Max. va lue. You can adj ust the m axim um contour va lue by edi ting the 
va lue in the text box. 

• Min. value: The minimum value for the va ri able being plotted. Mapper automatica lly 
detennines the Min . value. You can change the minimum contour va lue by editing the 
va lue in the text box. 

• Restore Defaults bullon: If you edit the Max and Min values, click thi s button to recover 
the 01iginal values in the FL0-2D va riable output fi le. 

• Contour moothness: Select a va lue between 0 and I 0 to smooth the contour line and 
shaded contour outlines. A va lue of I 0 is the maxi mum contour smoothing and takes the 
longest computational time. A sm oothing factor of 3 is suggested for an initial 
adjustment. 

• Filter cells with zero flo w depth check box: Checking thi s box will om it a ll gtid elements 
that may have zero va lues from the contour interpolation calculation. 

• Omit /o wer contour: Checking thi s box will e liminate the lowest contour line or shaded 
contour fro m the plot. 

• Closed contours only: Checking thi s box w ill re ult in plotting onl y c losed contour lines 
or shaded contours that do not end at the grid sys tem boundary . 

• Show label check box: Check thi s box to show the contour line labels. 

• Labels ... but/on: This button allows edi ting the contour lines labels. A Labels dia log box 
is di splayed . 
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labels 

CO Labels with rotation and alignment 

Horizontal allignment: I center ~ 

Vertical alignment: I center i] 

Rotation: ra--
(' Labels with mask 

17 Allow duplicates 

Font Properties ... 

\ C:::::::::: :~~:: :::::::: ::JI ____ ca_n_c_el _ _, 

The contour label edi tor has the fo llowing options: 

• Hori=onlal alignment: Text alignment in the horizontal direction and can be left, 
cen ter or ri ght justified. 

• Vertical alignment: Text alignment in the hmizonta l direction and can be left, center 
or ri ght justified. 

• Rotation: Tex t rotation angle. 

• Label with mask: This option will create labels with a background Ma k color to 
di stingui h it from the contour lines. 

• Mask color: Label background color. 

• Allow duplicate : Allow more than one label fo r each contour line. 

• Font propertie ... bullon: Displ ays Font customi zation dialog box to change font 
type, style, ize, color, etc. as shown below: 
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• Font (1](8] 
font: Font st_l!le: .S.ize: 

jTimes New Roman l!imm OK 
Reqular 

Trebuchet MS Italic 
I A Cancel 11 

0 Tunga Bold 
0 Tw Cen MT Bold Italic 

12 
14 

0 T w Cen M T Condense 16 
0 Tw Cen MT Condense- 18 
':If Txt v 20 v 

Effects --- Sample 

r Strikeout 

I I r Underline 
AaBbYyZz 

.Color: 

J• Biack iJ Script: 

I western 

• 

• 
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• VIL Exantple Plots 
The fo llowing are some examples of the Mapper plots. 

Grid E lement G round Surface Elevations 

• "" 

Shaded Contour Map of G rid Element G round Surface Elevations 

r.n 
of,0170 

,~, 

.lJ7fJ6 

J]!;()S 

..l/.1:1 ~ 

4 /"J.' 4 

..1 /lli f 

-4 jXf. .t 

.l fHt] 

1. .& fl..,;l 

• 
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Shaded Contour Map of the Grid Element Maximum Flow Depth 

I 1~ 
5llJ 

Shaded Contour Map of the Grid Element Maximum Flow Depth 
with Background Aerial Photograph 

25 
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Zoomed Shaded Contour Map of the Grid E lement Maximum Flow Depth 
with Background Aerial Photograph 

Grid Element Impact Force 
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' ' 

Grid Element Maximum Velocity Vectors 

S.B 

56 

<.5 

34 

2.3 

11 

<=0.0 

.. '· -- - -- ---- .... -

Line Conto ur Map of the Grid Element Ground Surface Elevations 
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Line Contour Map of the G rid E lement Ground Surface Elevations with Labels 

1/l 1/l 
c:i 

t.s 

0.5 

28 
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VIIL Menus and Too/bar 
This section describes the Mapper comm ands in the main menu and the infonnation 

too l bar: 

Tools Help 

~ ±: .:J r. .:J !: .:J \i .:J ~.:J "+' .:J ....!..:1 _ _j _ _j ~ 

362.722.53 1.187.344.88 feet 

Each main menu command may contain one or more subcommands. 

8.1 File Menu Commands 

Read FL0-2D Result ommand ... (File Menu) 

View Tools Help 

Read FL0-20 Results .. . 

Import Image 

Import Elevation Pants 
Import Shape File ... 

Import ASCII Grid File .. . 

Run PROFILES 

Run HYDROG 

Create Shape File fur Current Time • 

Create Grid Shape File 

Export .. . 

Copy .. . 

Print .. 

Create FL02DGIS.OUT... 

Exit 

This command reads FL0-2D data tiles(* .DAT) and result ti les(* .OUT). A dia log box appears 
to allow selection of the FPLAIN.DAT tile: 
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Open l7]~ 

Lookn I Goot :::J ~ d· lill· 

W) 
FPLAIN.DAf 

My Recent 
Oocunert; 

Oe$ktop 

_) 
My Document• 

My Compute~ 

Filename: l~imJDD~ ..:.] Open 

My Network Files ol type. j (FPI..AIN.DAf) ::::1 Cancel 
Plo= r Open OS lead-only 

It is onl y necessary to select the FPLAIN.DAT data fi le. The other required and companion files 
are automatically read from the same directory. 

Import Image/Individual Image (File Menu) 

W view Tools Help 

Read FL0-20 Results .. . 

Import Elevation Points 

Import Shape File ... 

Import ASCII Gr id File ... 

Run PROFILES 

Run HYDROG 

.- El· '" 

Create Shape File for Current Time ~ 

Create Grid Shape File 

Export .. . 

Copy .. . 

Print .. . 

Create FL02DGIS.OUT ... 

Exit 

Indtvtdual Image .. 

Image Catalog ... 

Use thi s command to import images such as ae1ial photos. Several images can be 
imported at the same time. To con·ectly positi on the image, each image must be accompanied by 
a "world" file containing its geo-referenced data. The world file must have the same file name as 
the cotTesponding image file and an extension name depending on the image type according to 
the table below. For example, if you have an image file named my image.bmp, then the associated 
world fi le must be named myimage.bmpw or my image.bpw . 
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Image File Ex tension 

bmp 
jpg; jpeg 
tif; tff; tiff 

gis 
I an 
bil 
bip 
bs q 
sid 
sun 

rs; ras 
ri c 

The world fil e has the fo llowing fom1at: 

World File Ex tension 

bmpw or bpw 
jpgw or jgw 

Tfw 
Gsw 
Lnw 
Blw 
Bpw 
Bqw 
Sdw 
Snw 
Rsw 
rcw 

Line I : Dimension (width) of a pixel in map uni ts in the x-direction (ft or m) 
Line 2: 0 
Line 3: 0 
Line 4: Dimension (height) of a pixel in map units in they-direction (ft or m). This va lue is 

nega tive because the image space is top-down, whereas map space is bottom-up. 
Line 5: x-origin (x-coordinate of the center of the upper left pixel) 
Line 6: y-origin (y-coordinate of the center of the upper left pixel) 

Example: 
20 

0 
0 

-20 
6375 10 
1032490 

In thi s example the pixel width and height is 20 ft and the coordi11ate of the center of the upper 
left pixel is 6375 10, I 032490. To detennine the pixel size of an image you can use an image 
editing program. For exampl e in MS-Paint load the image and use the Image/ Attribute command 
to query the number of pixels in x and y directions. Then di vide the x and y widths of your image 
in real coordinates by the number of pixels in each direction. 

Import Image/Image Catalog (File Menu) 
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M View Tools Help 

Read FL0-20 Results ... 

Import Image • 

Import Elevation Points 

Import Shape File ... 

Import ASCII Grid File ... 

Run PROFILES 

Run HYDROG 

Create Shape File for Current Time • 

Create Grid Shape File 

Export... 

Copy .. . 

Print .. . 

Create FL0 2DGIS.OUT ... 

Exit 

Individual Image .. . 

This command allows importing of several image files stored in any subdirectory. First 
draw a polygon on the grid and then select an image catalog file. 

Select catalog [1]~ 

Catalogs _:J .. (!:] d lrr§ • 

~ 

My Recent 
Docunents 

Desktop 

__; 
My Docll!lents 

My Computer 

File name: ICATALOG.dbf _:J Open 

My Network Files ol type: I dB~·· fries r.dbfl :=:! Cancel 
Places r Open as read·only 

The catalog file may be in DBASE or ASCII fonnat and has the following fonmt: 

XMIN 

640000 
660000 
630000 

YMIN 

1000000 
1300000 
1300000 

XMAX 

670000 
770000 
750000 

YMAX 
--1 

1400000 
1500000 
1510000 

The first column is the file name including its path and the fo llowing four columns are the image 
limit coordinates. Mapper wil l find all images from the catalog that are contained or intersect the 
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u er defined polygon and will retrieve the appropriate ones. 

Import Elevation Point Command (File Menu) 

llli View Tools Help 

Read FL0-20 Resulls ... 

Import Image 

Import E lev at1on Po 1nts • 

Import Shape File ... 

Import ASCII Grid File ... 

Run PROFILES 

Run HYDROG 

CreatE Shape File for Current Time • 

CreatE Grid Shape File 

Export .. . 

Copy .. . 

Print .. . 

CreatE FL02DGIS.OUT.. . 

Exit 

Import DTM Points ... 

Arc:Info ASCII Grid File > 

This command will import an existing digital terrain elevation file. There are two 
submenu commands to import either digital teiTain elevation points (DTM Points Command) or 
Arclnfo ASCII Grid File. 

Import DTM Point ... Command (File Menu) 

dll View Tools Help 

Read FL0-20 Results .. . 

Import Image 

Import Elevat1on Po1nts • 

Import Shape F de ... 

Import ASCII Grid File ... 

Run PROFILES 

RunHYDROG 

CreatE Shape File for Current Time ~ 

CreatE Grid Shape File 

Export... 

Copy .. . 

Print .. . 

CreatE FL02DGIS.OUT ... 

Exit 

33 
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This command imports DTM elevation points from an existi ng file . You may import 
several data files. The new points are added to the existing data. You may also mix or combine 
DTM points with other random elevation points from an Arclnfo ASCII grid fi les. 

Individual Arc!nfo ASCII Grid File Command (File Menu) 

Ind1v1dual Arc Info ASCII Gnd File . . . 

Import ASCII Grid File ... Arclnfo ASCII Grid File Catalog ... 

Save Elevation Points ... 

Create Shape File for Current Time ~ 

Export .. . 

Copy .. . 

Print .. . 

Create FL02DGIS. OUT . .. 

Exit 

Use thi s command to import an individual Arclnfo ASCII grid files. Several grid fi les 
can be imported. The new points are added to the existing data. This data can also be mixed or 
combined with the DTM points . 
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Arc!nfo ASCII Grid File Catalogue (File Menu) 

& View Too ls Help 

Read FL0-20 Results ... 

Import Image 

Import Elevation Po1nts • 

Import Shape File ... 

Import ASCII Grid File .. . 

Run PROFILES 

Run HYDROG 

Create Shape File fi:Jr Current Time • 

Create Gr id Shape File 

Export .. . 

Copy .. . 

Pr int .. . 

Create FL02DGIS.OUT.. . 

Exit 

Import DTM Points ... 

Arcinfu ASCII Grid File • 

Thi s command will import several Arclnfo ASCII g~id files stored in any subdirectory. 
First draw a polygon on the working region or grid system and then select a catalog fil e . 

Select catalog 12JrEJ 
Catalogs ..:.1 .. 1'!:1 d lim!· 

My Recent 
Docunents 

Desktop 

_) 
My Documents 

My Computer J 
File name: IGridC!ItM.DBF 3 Open 

.;_;i 
My Network Filesoltype: I dlase lies (". cl>~ 3 Cancel 

Places r Open as read-oriy 

The ca talog fil e may be in DBASE or A CIT fom1 at and has the following fonnat: 

XMlN YMIN XMAX YMAX 

640000 1000000 670000 1400000 1 
500000 1000000 900000 1500000 
510000 1000000 740000 1510000 .. 
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The first column is the fi le name including its path. The fo llowing four columns are the data 
limits in each file. Mapper will find all data files that are contained or intersect the user defined 
polygon and retrieve the relevant fi les. 

Import Shape File Command (File Menu) 

Iiiii View Tools Help 

Read FL0-20 Results ... 

Import Image 

Import Elevatioo Points 

Import Shape File. 

Import ASCII Grid File ... 

Run PROFILES 

Run HYOROG 

Create Shape File fi:Jr arrent Time ~ 

Create Grid Shape File 

Export.. 

Copy ... 

Prht. .. 

Create Fl020GIS.OUT ... 

Exit 

This command wi ll import ESRl shape files. The shape file data map can be related to 
soil prope1iies, land use, vegetation, Manning roughness coefficients or simi lar data. Once read, 
the shape file is disp layed in the screen like the following example from Maricopa County 
Manning coefficients shape file . 
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Fie 'llew Tools 

Q\,1~1 o1 ~ l!I.:J !!I.:J ~.:J ~.:J ru m 
Grid Element Ground Surface Elevation 

r 632.7·~~ 1..tll6.619.00 feet 

Import ASCII Grid File Command 
Help 

Read FL0-20 Results ... 

Import Image 

Import E lev at ion Points 

Import Shape File .. . 

Import .I>.SCII Grtd F lie . 

Run PROFILES 

Run HYDROG 

'E 

I 
5,000 

Create Shape File fOr Current Time • 

Create Gr id Shape File 

Export.. 

Copy .. . 

Print .. . 

Create FL02DGIS.OUT.. . 

Exit 

1o .poo 

feet 4,400 .0 

4 ,200 .0 
4,000 .0 
3 ,800 .0 
3 ,600 .0 
3.400 0 
3 ,200 0 
3 ,000 0 
2 ,800 .0 
2 ,800 0 
2 ,400 0 
2 ,200 0 
2 ,000 0 

This command will import Arclnfo ASCII grid fi les stored in any fo lder. 
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Save Elevation Point Command (File Menu) 

• View Tools Help 

Read FL0-20 Results ... 

Irrport Image 

I rrport Elevation Po i1ts 

Irrport Shape File ... 

Irrport ASCII Grid File .. . 

Run PROFILES 

Run HYDROG 

Save Elevation Po1nts ... 

Create Shape Fife fur Current Time ~ 

Create Grid Shape File 

Export .. . 

Copy .. . 

Pri1t... 

Create FL02DGIS.OUT.. . 

Exit 

This command is used for saving the DTM elevation points to an AS II file. You may 
have imported a set of DTM points and then deleted elected points that are out ide the 
computational grid system. With this command you can export save the remaining DTM points 
in a file. After clicking the Save Elevation Point .. . command, the following dialog enables you 
to define the DTM point ASCH file: 
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Select file to save elevation points (1]rg) 
Save in: 

My Recent 
Documents 

Desktop 

_) 
My Documents 

My Computer 

My Network 
Places 

File name: jdtm2.pts 

Save as type: I PTS files [' .PTS) 

Create Shape File for Current Tim/Flow Depths (File Menu) 

ti View Tools Help 

Read FL0-20 Results ... 

Import Image 

Import Elevation Points 

Import Shape File ... 

Import ASCII Gr id File ... 

Run PROFILES 

Run H'IVROG 

CreatE Gr id Shape File 

Export .. . 

Copy .. . 

Print .. . 

CreatE FL02DGIS.OUT... 

Exit 

Save 

Cancel 

This command wi ll export an ESRI polygon Shape File with the cun·ent g~id element 
based flow depth time plot shown in the animation . The shape file name wi ll indicate the time and 
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that it is a grid element flow depth plot. 

Create Shape File for Current Tim/Flow Depth (Shaded Contours) (File Menu) 

d View Tools Help 

Read FL0-20 Results ... 

Import Image 

Import Elevation Points 

Import Shape File .. . 

Import ASCII Grid File ... 

Run PROFILES 

Run HYDROG 

CreatE Shape Frle fOr Current T1me ~ 

CreatE Grid Shape File 

Export. .. 

Copy .. . 

Print .. . 

Create FL02DGIS.OUT... 

Exit 

Flow Depths 

Flow Depths (Shaded Contours 

Ve locities 

This command wi ll export an ESRJ polygon Shape File with the current flow depth time 
shaded contour plot constructed from the results shown in the animation . The shape file name will 
indicate the time and that it is a flow depth shaded contour plot. 

Create Shape File for Current Tim/Velocities (File Menu) 
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1111 View Tools Help 

Read FL0-20 Resu lts ... 

Import Image 

Import Elevation Points 

Import Shape File .. . 

Import ASCII Grid File .. . 

Run PROFILES 

Run HYDROG 

Create Shape File for Current Trme • 

Create Grid Shape File 

Expor t .. 

Copy .. . 

Print .. . 

CreatE FL020GIS.OUT ... 

Exit 

This command will export an ESRJ polygon hape File with the grid element velocities 
for the cunent time plot shown in the animation. The shape file name will indicate the time and 
that it is a giid element velocity plot. 

Create Grid Shape File (File Menu) 

d View Tools Help 

Read FL0-20 Results .. . 

Import Image 

Import Elevation Points 

Import Shape File .. . 

Import ASCII Grid Fi le .. . 

Run PRORLES 

Run HYDROG 

CreatE Shape File for Ctrrent Time • 

Create Gnd Shape Frle 

Export .. . 

Copy .. . 

Print .. . 

CreatE FL02DGIS.OUT ... 

Exit 

This command will create a polygon shape file named MGrid that ha the grid element 
numbers as attributes for each grid element. 
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Export .. . Command (File Menu) 

Ill View Tools Help 

Read FL0-20 Results ... 

Import Image 

Import Elevation Points 

Import Shape File ... 

Import ASCII Grid File .. . 

Run PROFILES 

Run HYDROG 

Create Shape File fur Current Time ~ 

Create Grid Shape File 

E>:por t .. 

Copy .. . 

Print. .. 

Create FL02DGIS.OUT ... 

Exi t 

Using thi s command you can export the cutTent screen view to a different image fonnat. 
Cli ck on the Export Command the following dialogue box wi ll appear: 

Export Current Image 

Export to 

r. Create~indowt Ermnced Met•flle (EMF) file 

r Create ~·IMJ' (BMP) fje 

r Creole JPEG fie 

r Vll"ldows f; rilanced Met.rle (EMF] to cipboard 

r B<map(BMP)to~d 

Scali1g 

Scale foetor (tines the original no..mber ol pixel• in the m•ge~ r;--
Sc•le mode: iJ 

b-~ .. --~~~~~----------~ 

With this dialog box, you can select vatious image export fom1ats such as Bitmap, JPEG, 
Windows Metafile, etc. The scale factor of the image can be adjusted to improve print quali ty of 
the image. Wl1en you click on the Export button , inpu t the image file name and select the 
directory to save the image in the subdirectoty /file dialogue box. 
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Copy ... Command (Fife M enu) 

d View Tools Help 

Read FL0-20 Results ... 

Import Image 

Import Elevation Pants 

Import Shape File ... 

Import ASC!l Grid Flle ... 

Run PRORLES 

Run HYDROG 

CreatE Shape File for Current Time • 

CreatE Grid Shape File 

Export .. . 

Copy .. . 

Print... 

CreatE FL02DGIS.OUT ... 

Exit 

Use thi s command to copy the cunent plot to the clipboard. The plot may then be pasted 
into other documents. When you select the copy command the following dialog appea rs: 

Copy to Clipboard 

Scale factor [output ~ 
resolution): Jll 

QK .Cancel I 

The default Scale fa ctor is I , but you may set higher values to improve output resolution . It is not 
recommended to u e va lues higher than 3, s ince plots with this resolu tion require substantial 
amount of memory that may result in a very slow print process . 
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Print ... Command (File Menu) 

liml View Tools Help 

Read FL0-20 Resu lts ... 

Import Image 

Import Elevation Points 

Import Shape File ... 

Import ASCII Grid File ... 

Run PROFILES 

Run HYDRo::; 

Create Shape F lie for Current Time ~ 

Create Grid Shape File 

Export .. 

Copy ... 

Pnnt. .. 

Create FL02cx;IS.OUT ... 

Exit 

Use thi command to print the cunent plot. When you select this command, the tandard 
ptinter management dialog allows you to choose the printer. 

Create FL02DGJS. OUT. .. Command (File Menu) 

B View Tools Help 

Read FL0-20 Results .. . 

Import Image 

Import Elevation Pants 

Import Shape File .. . 

Import ASCII Grid File ... 

Run PROFILES 

Run HYDROG 

Create Shape File for Cl.rrent Time ~ 

Create Grid Shape File 

Export .. . 

Copy .. . 

Pr int .. . 

Create FL02DGIS.OUT... 

Exit 

Use this command to create a GIS output file. The FL02DGIS.OUT file contains the x
and y-coordinates of each DTM point and their associated ground elevation, water surface 
elevation flow depth and water velocity. It i nece sary to first interpolate the flow depth by 
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subtracting the DTM ground points from the grid element water surface elevation. This is 
accomplished by using the Interpolate to DTM Points command in the Tools Menu. This GIS 
output file can be imported to Arc View™. Mapper displays a dialog box to select the values to 
be wtitten into the file: 

Values to include in FL02DGIS.OUT 

Include variable values coming from: 

r 

~--------------------~c 
The flow depth va lues assigned to the DTM points can only be written to the FL02DGJS.OUT 
file if the flow depth interpolation by subtracting the DTM point ground elevations from the grid 
element water surface has been completed. 

Exit (File M enu) 

1¥1 View Tools He~ 
Read FL0 -2D Resu lts .. . 

Import Image 

Import Elevation Points 

Import Shape File ... 

Import ASCII Grid File ... 

Run PROFILES 

Run HYDROG 

Create Shape File for Current Time ~ 

Create Grid Shape File 

Export. .. 

Copy ... 
Print. .. 

Create FL02DGIS.OUT ... 

This command ends the MAPPER session. You can also use the Close command on the 
application Control menu . 

Shortcuts: Mouse: double-click the appl ication Control-menu button . 
Keys: Alt-F4 
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8.2 View Menu Commands 

100% Command (View Menu) 

,..atiiols Help 

100% 

Zoom Out 

Pan 

Layers List 

Elevations Rendering ... 

Grid Element Numbers 

Display Grid System 

Display Boundary Cells 

"' Display Title 

Display Exclusion Polygons 

"' Display Legend and Scale 

v Display All Cell Groups 
v Display All Slices 

Display Area of Inundation 

Track Elevation Points 

Table of Variables 

Highlight Grid Element Number ... 

Redraw 

d Tools Help 

100% 

Zoom Out 

Pan 

Layers List 

Elevations Rendering .. . 

Grid Element Numbers 

Display Grid System 

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 

Track Elevation Points 

Table of Variables 

Highlight Grid Element Number ... 

Redraw 

Use the 100% command to reset the working region to its original size. The 100% 

toolbar icon ~I can also be used. To zoom-in (magn ification of the working region) just left
click in the working region and drag the mouse for magnification desired . 

Zoom Out Command (View Menu) 
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~Tools Help 

I 100% 

Zoom Out 

Pan 

Layers List 

Elevations Rendering ... 

Grid Element Numbers 

Display Grid System 

Display Boundary Cells 

., Display Title 

Display Exclusion Polygons 

., Display Legend and Scale 

., Display All Cell Groups 

., Display All Slices 

Display Area of Inundation 

Track Elevation Points 

Table of Variables 

Highlight Grid Element Number ... 

Redraw 

Use the Zoom Out command to rerum the worki ng region to its previous zoom ex tent. 

Pan Command (View Menu) 

d Tools Help 

100% 
Zoom Out 

Layers List 

Elevations Rendering ... 

Grid Element Numbers 

Display Grid System 

Display Boundary Cells 

., Display Title 

Display Exclusion Polygons 

., Display Legend and Scale 

., Display All Cell Groups 

., Display All Slices 

Display Area of Inundation 

Track Elevation Points 

Table of Variables 

Highlight Grid Element Number ..• 

Redraw 

Use the Pan command to move around and redisplay the working region view. When 
activated the mouse cursor changes to Pan mode and you can drag and click to pan around . The 

Pan toolbar icon ~~achieves the same result . 
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Layers Li I Command (View Menu) 

& Tools Help 

100% 

Zoom Out 

Pan 

Layers L1st 

Elevations Rendering .. . 

Grid Element Numbers 

Display Grid System 

Display Boundary Cells 

"' Display Title 

Display Exclusion Polygons 

"' Display Legend and Scale 

"' Display All Cell Groups 
"' Display All Slices 

Display Area of Inundation 

Track Elevation Points 

Table of Variables 

-I 

-=1 
Highlight Grid Element Number .. . 

Redraw 

This command is used to manage existing layers. Please refer to GDS Layer List 
Command for instructions. The comma11ds are identical. 

Elevation Rendering ... Command (View Menu) 

• Tools Help 

100% 

Zoom Out 

Pan 

Layers List 

Elevations Rendenng ... 

Grid Element Numbers 

Display Grid System 

Display Boundary Cells 

"' Display Title 
Display Exclusion Polygons 

"' Display Legend and Scale 

"' Display All Cell Groups 

"' Display All Slices 

Display Area of Inundation 

Track Elevation Points 

Table of Variables 

Highlight Grid Element Number ... 

Redraw 

This command may be used to select how the elevation points are di splayed. 

To optimize di splay times, Mapper does not automatically create the Elevation layer. For certain 
functions like the Elevation Rendering thi s layer is required . If the layer does not exist, you will 
get the fo llowing message: 
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FL0-20 Mapper [!g) 
. 
1 The Elevations Layer has not been created. 

Use the command 'Tools. Create Elevation Points Layer' 

OK 

To create this layer use the Create Elevation Layer command in the Tools menu. After the 
elevation layer is created , click on Elevation Rendering again to get the dialog: 

Elevations Rendering 

~Tell c~<>ss l 

Color: 

Style: 

Size: 

Apply Qose 

The "Single" tab selects a single color, style, and size for all elevations. The "Class" tab selects a 
style (point descriptor) and size for the points. A palette of 256 colors are available to be 
assigned to the point elevation. 

Clevalrons Rendering 

Silgle Class I 

Style: 

Size: 
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Grid Element Numbers Command (View Menu) 

~Tools 

j ~~~:
0

0ut 
Pan 

Help 

Layers List 

Elevations Rendering .. , 

Gnd Element !'lumbers 

Display Grid System 

Display Boundary Cells 

~ Display Title 

Display Exclusion Polygons 

~ Display Legend and Scale 

~ Display All Cell Groups 
~ Display All Slices 

Display Area of Inundation 

Track Elevation Points 

Table of Variables 

Highlight Grid Element Number, , , 

Redraw 

By default Mapper does not display grid element numbers. Use th is command to 
display grid element number . Note that if the grid system is very large, the higher number gtid 
element numbers may not fit in to the elements. Zoom in to enlarge the view and allow clear view 
of gri d element numbers. 

63 86 109 132 155 178 

62 85 108 131 154 177 200 222 

61 84 107 130 153 176 199 221 

40 60 83 106 129 152 175 198 220 

39 59 82 105 128 151 114 197 219 
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Di play Grid System Command (View Menu) 

Tools Help 

100% 

Zoom Out 

Pan 

Layers List 

Elevations Rendering ... 

Grid Element Numbers 

Display Gnd System 

Display Boundary Cells 

., Display Title 

Display Exclusion Polygons 

., Display Legend and Scale 

., Display All Cell Groups 

., Display All Slices 

Display Area of Inundation 

Track Elevation Points 

Table of Variables 

Highlight Grid Element Number •.. 

Redraw 

Click on this command to view the FL0-2D grid system as an overlaid image. The 
fo llowing plot does not display the grid system: 

Grid Element Ground Surface Elevation 

''P' 
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The following plot does di playing the giid system: 

Grid Element Ground Surface Elevation 

~--sr.;;:-1 r • a • u • • .• • ~··· s~- .......... ~ ··-· ... .. ..... ... ~ · . ' ~ .. ... 

Display Boundmy Cells Command (View Menu) 

• Tools Help 

100% 

Zoom Out 

Pan 

Layers List 

Elevations Rendering ... 

Grid Element Numbers 

Display Grid System 

D1splay Boundary Cells 

~ Display Title 

Display Exclusion Polygons 

~ Display Legend and Scale 

~ Display All Cell Groups 

~ Display All Slices 

Display Area of Inundation 

Track Elevation Points 

Table of Variables 

Highlight Grid Element Number ... 

Redraw 
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This command displays the FL0-2D grid boundary cell s . 

Display Title Command (View Menu) 

Tools Help 

100% 

Zoom Out 

Pan 

Layers List 

Elevations Rendering ... 

Grid Element Numbers 

Display Grid System 

Display Boundary Cells 

"' D1splay T 1tle 

Display Exclusion Polygons 

"' Display Legend and Scale 

"' Display All Cell Groups 

"' Display All Slices 
Display Area of Inundation 

Track Elevation Points 

Table of Variables 

Highlight Grid Element Number •.. 

Redraw 

This command allows you to di splay or hide the plot title . 
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Display Ex lu ion Polygons Command (View Menu) 

~ols Help 

100% 
Zoom Out 

Pan 

Layers List 

Elevations Rendering , .. 

Grid Element Numbers 

Display Grid System 

Display Boundary Cells 

o1 Display Title 

Display Exclus1on Polygons 

o1 Display Legend and Scale 

o1 Display All Cell Groups 

o~ Display All Slices 

Display Area of Inundation 

Track Elevation Points 

Table of Variables 

Highlight Grid Element Number, . , 

Redraw 

This command allows you to di splay or hide the polygons used to delete un wanted parts 
of shaded contour plots based on DTM data. To see Exclusion Polygons they have to be created 
using the Tool /Exc/u ion Polygons/Create Exclusion Polygons . 

Display Legend and Scale (View Menu) 

Help 

Pan 

Layers List 

Elevations Rendering .. . 

Grid Element Numbers 

Display Grid System 

Display Boundary Cells 

o~ Display Title 

Display Exclusion Polygons 

o~ Display Legend and Scale 

o~ Display All Cell Groups 

o~ Display All Slices 

Display Area of Inundation 

Track Elevation Points 

Table of Variables 

Highlight Grid Element Number, .. 

Redraw 

For the vatiou flood variable plots, this comm and displays the map legend and scale . 

Di play All Cells Group (View Menu) 
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Tools Help 

Layers List 

Elevations Rendering ... 

Grid Element Numbers 

Display Grid System 

Display Boundary Cells 

.; Display Title 

Display Exclusion Polygons 

.; Display Legend and Scale 

.; Display All Cell Groups 

.; Display All Slices 

Display Area of Inundation 

Track Elevation Points 

Table of Variables 

Highlight Grid Element Number ... 

Redraw 

This command highlights all grid elements (cells) that are being used for plotting Flow 
depth and velocity vs. time plots . 

Display All Slices (View Menu) 

100% 

Zoom Out 

Pan 

Layers List 

Help 

Elevations Rendering ... 

Grid Element Numbers 

Display Grid System 

Display Boundary Cells 

.; Display Title 

Display Exclusion Polygons 

.; Display Legend and Scale 

.; Display All Cell Groups 

.; D1splay All Slices 

Display Area of Inundation 

Track Elevation Points 

Table of Variables 

Highlight Grid Element Number ... 

Redraw 

This command highlights all !ices used for plotting flow depth and bottom eleveation 
profiles . 
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Display Area of Inundation (View Menu) 

& Tools Help 

100% 

Zoom Out 

Pan 

Layers List 

Elevations Rendering ... 

Grid Element Numbers 

Display Grid System 

Display Boundary Cells 

-1 Display Title 

Display Exclusion Polygons 

-1 Display Legend and Scale 

"' Display All Cell Groups 

"' Display All Slices 

Dr;play Area of lnundatron 

Track Elevation Points 

Table of Variables 

Highlight Grid Element Number ... 

Redraw 

This command highlights the contour that limit the area inundated simulated by the FL0-2D 
model. This plot must have been previously created using the Create Area of Inundation Layer in 
the Tools menu . 

Track Elevation Points Command (View Menu) 

Tools 

100% 

Zoom Out 

Pan 

Help 

Layers List 

Elevations Rendering ... 

Grid Element Numbers 

Display Grid System 

Display Boundary Cells 

"' Display Title 
Display Exclusion Polygons 

-1 Display Legend and Scale 

"' Display All Cell Groups 

"' Display All Slices 
Display Area of Inundation 

Track Elevatron F'ornts 

Table of Variables 

Highlight Grid Element Number ••. 

Redraw 
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With this comm and, the eleva tion of any DTM poin t is di sp layed in a dialog box. When 
the mouse po in ter i placed in the vicinity of a point, its elevation is di splayed in the ti ght text 
box of the bottom tool bar: 

Table of Variables (View Menu) 

Surface Elevation: j3442. 05 

&:rools Help 

tOO% 

Zoom Out 

Pan 

Layers List 

Elevations Rendering •.. 

Grid Element Numbers 

Display Grid System 

Display Boundary Cells 

.; Display Title 

Display Exclusion Polygons 

.; Display Legend and Scale 

.; Display All Cell Groups 

.; Display All Slices 

Display Area of Inundation 

Track Elevation Points 

Table of Vanables 

Highlight Grid Element Number ... 

Redraw 

This command disp lays a floa ting window with a table of FL0-2D hydraulic outpu t data . When 
you move the mouse over the grid , the value are di splayed for each grid under the cursor. 

Final Flow Depth: j0.14 

Max Channel Flow Depth: r=jo""".o""o __ _ 

Max Chan. and Floodp. Flow Depth: j0.16 

Max. Street Flow Depth: r.::jo-::.0:::-0---

Max Chan. and Floodp. Flow Veloc: jo.oo 
Duration of Inundation (hours]: ,...,---

Impact Force: jD.03 
Static Pressure: r:lo'""'.B:-.:3:--
Specific Energy: jD.1 6 

Levee Freeboard Deficiency: ,...,----

~lose 
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Highlight Grid Element Number... (View Menu) 

&: Tools Help 

100% 

Zoom Out 

Pan 

Layers List 

Elevations Rendering ••. 

Grid Element Numbers 

Display Grid System 

Display Boundary Cells 

"' Display Title 

Display Exclusion Polygons 

I 
"' Display Legend and Scale 

"' Display All Cell Groups 

"' Display All Slices 

Display Area of Inundation 

Track Elevation Points 

Table of Variables 

H1ghhght Gnd Element Number ... 

Redraw 

This command enab le you to enter a grid element number in the fo ll owing dialog box 
and locate it in the FL0-2D giid system. Mapper will prompt for the grid element number: 

Highlight Grid Element 

G 1id element number. 11 ~ 

l:!i!tllight Qose 

When you click the Highlight button, the giid element will blink. Note that if the selected 
element number is not in the cuJTent view, you may have to zoom out to view the en tire grid 
system in order to locate the gi·id element. 

Redraw Command (View Menu) 
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8.3 

Tools 

100% 

Zoom Out 

Pan 

Layers List 

Help 

Elevations Rendering.,, 

Grid Element Numbers 

Display Grid System 

Display Boundary Cells 

"' Display Title 
Display Exclusion Polygons 

v' Display Legend and Scale 

v' Display All Cell Groups 

v' Display All Slices 

Display Area of Inundation 

Track Elevation Points 

Table of Variables 

Highlight Grid Element Number ... 

Use thi s comm and to redraw the vi ual objects in the working region . 

Tools Menu Commands 

1$1 Help 

Options 

IntErpolatE to DTM Points 

CreatE E lev at ion Points Layer 

DeletE Elevations rrom SelectEd Area 

CreatE Q-k:J Layer 

CreatE Area of Inundation Layer 

Exclusion Polygons 

Plot Flow Depth Profile 

Map TemplatE 

Flooding Damage 

Time Plots 

Show Tree of Graphs 

Option DirectOIJI Path Command (Too ls Menu) 
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iliii Help 

Optrons • 

InterpolatE tn DTM Points 

Create Elevation Poilts Layer 

DeletE Elevations rrom SelectEd Area 

CreatE Gr ld Layer 

Create Area of Inundation Layer 

Exclusion Polygons 

Plot Flow Dep1h Profile 

Map Template 

Flooding Damage 

Time Plots 

Show Tree of Graphs 

Drrectory Pa1hs 

This command allows you to change the Mapper defau lt path by editing the settings in 
the following dialog box: 

Global Paths 

Current path: c: 

Temporary path: II::\ T emp\FL02D 

p10ject path: ,C:\FL0-20\2006.01 \Projects\Goat 

Application path: 

8pply Qose 

Interpolate to DTM Points Command (Tools Menu) 
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lid Help 

Options 

In1l?rpola1E to OT!v! Po1nts 

Create Elevation Po ints Layer 

Delete Elevations fi'om Selected Area 

Create Grid Layer 

Create Area of Inundation Layer 

Exclusion Polygons 

Plot Flow Depth Profile 

Map Template 

Flooding Damage 

Time Plots 

Show Tree of Graphs 

The pw-pose of this command it to create a TrN (Triangulated liTegular Network) based 
on the flow depths at each DTM point. The TIN is later used to construct the DTM Max Flow 
Depth Shaded Contour. To use this tool you first need to import the DTM points using the 
Import DTM Elevation Points command in the File menu. When th is command is activated, the 
flow depth at each DTM point is computed by subtracting the DTM ground surface elevation 
from the grid element water surface elevation. You can import the DTM point file that was 
origina lly used in the GDS to interpolate grid element elevations. 

Create Elevation Point Layer Command (Tools Menu) 

Interpolate to DTM Points 

Crea1l? Elevat1on Po1nts Layer 

Delete Elevat ions fi'om Selected Area 

Create Grid Layer 

Create Area of Inundation Layer 

Exclus ion Po lygons 

Plot Flow Depth Profile 

Map Template 

Flooding Damage 

Time Plots 

Show Tree of Graphs 

To optimize display times Mapper does not automatica ll y create the Layer that contains 
the DTM Elevation points. For certain functions in Mapper this layer is required. If you try to 
perfonn to ini tialize a component in Mapper that requires this layer and it does not exist, the 
fo llowing message will appear: 
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FL0-20 Mapper ~ 

i The Elevations Layer has not been created. 
Use the command 'Tools. Create Elevation Points Layer' 

OK 

This command will create the Elevation Point Layer. 

Delete Elevation From Selected Area Command (Tool Menu) 

liiiiLOHelp 

Options 

Interpolate to DTM Points 

Create Elevation Points Layer 

Delete Elevatrons from Selected Area 

Create Q- k:J Layer 

Create Area of Inundation Layer 

Exclusion Polygons 

Plot Flow Depth Profile 

Map Template 

Flooding Damage 

Time Plots 

Show Tree of Graphs 

This command will delete unnecessary DTM elevation points from the working region. The 
points are deleted by enclosing them in a polygon. The dialog box wi ll appear il1Structing you to 
draw a polygon around the area will the DTM points that will be deleted . Close the polygon with 
a double click and another dialog box wi ll be di played asking you to con finn the points deletion. 
You can save the edited points file using the Save Elevation Point ... command in the File menu . 

Create Grid Layer Command (Tools Menu) 
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iiiilielp 
Options 

Interpolate to DTM Points 

Create Elevation Points Layer 

Delete Elevations from Selected Area 

Create Gr1d Layer 

Create Area of Inundation Layer 

Exc Ius ion Polygons 

Plot Flow Depth Profile 

Map Template 

Flooding Damage 

Time Plots 

Show Tree of Graphs 

This command creates the Grid Layer that is necessary for some operations perfonned on the 
grid . 
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Create Area of Inundation Layer Command (Tool Menu) 

Options 

Inteq:olate to DTM Points 

Create Elevation Points Layer 

Delete Elevations from Selected Area 

Create Grid Layer 

Create Area of Inundation Layer 

Exclusion Polygons 

Plot Flow Depth Profile 

Map Template 

Flooding Damage 

Time Plots 

Show Tree of Graphs 

Thi command creates contour lines that enclose the areas inundated as simulated by the 
FL0-2D model. 

Exclusion Polygon Command (Tools Menu) 

Thi function will erase unwanted areas from line or shaded contour plots . This is a 
useful tool when Mapper creates contour plot in convex regjons or other areas where the contour 
lines have spilled over physical features should as levees or hillsides. This may occur because of 
either a grid element may sh·addle a physical feature or becau e there are DTM point located on 
the other side of the feature. It may also occur because of the finite thickness of contour I ines and 
shade contour outli11es. This tool allows you to delete the contour graphics inside an exclusion 
polygon . First click on the Create Exclusion Polygon: 

- Help 

Optioos 

Interpolate to DTM Points 

Create Elevation Points Layer 

Delete Elevations from Selected Area 

Create Grid Layer 

Create Area of Inundation Layer 

Exc lus1on Polygons • 

Plot Flow Depth Profile 

Map Template 

Flooding Damage 

Time Plots 

Show Tree of Graphs 

. . 
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Then draw the polygon area that you want to erase. Mapper wil l hatch the polygon: 

ext use the Apply Exclusion Polygons to Cunent Graph Command: 

~Help 
Options 

Interpolate to DTM Po ints 

Create Elevation Po ints Layer 

Delete Elevations from Selected Area 

Create Grid Layer 

Create Area of Inundation Layer 

Plot Flow Depth Profile 

Map Template 

Flood ing Damage 

Time Plots 

Show Tree of Graphs 

Create Exd.JSion Polygons 
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• Mapper will erase the plot under the polygon: 

If you click on the polygon border, a shoticut menu will appear: 

• 

Click on Delete This Exclusion Polygon to erase thi s portion of the contour plot. 

• 
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Plot Flow Depth Profile Command (Tools Menu) 

di Help 

Options 

IntErpolate to DTM Points 

Create Elevation Po ints Layer 

Delete Elevations tram Selected Area 

Create Gr id Layer 

Create Area of!nundation Layer 

Exd.Js ion Po lygons 

Plot Flow Oeptl"i Profi le 

Map Template 

Flooding Damage 

Time Plots 

Show Tree of Graphs 

This featu re will plot profi les of max imum fl ow depths, maximum eleva tion and bed 
elevation profiles. Click on Plot Flow Dep th Profile command and draw a line where you want 
to crea te the profi le. To draw the profil e line, c li ck on the fir t point and loca te the mouse cursor 
on the second point and double cli ck. The profile line must be within the co mputational 
domain . 
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"' ~ 
Grid Element Maximum Flow Depth 

Profile Line is loca ted here: 

After double clicking on the second point of the line, the fo llowing window appears showing the 
maximum depth profile: 

-. I low Dcplh and Surfecc Elevation _ (§~ 

5 . 5 

5 . 0 

... 
~4 . 0 

-3 . 5 

5 
~ 

0 3 . 0 

1.5 

200 400 600 800 1 000 l ZOO 

In the upper left corner of the window there are three icons: [E±:Iul_ The first icon plots the 
Maximum Flow Depth profile (shown above). The second icon will p lot the Ground Surface 
Elevation profile: 
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Cround SUr t ace Jlevat.1.on 
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The third icon is used to plot the combined maximum depth and ground elevation profile: 

4676 

" . . 
~-4674 

c 

~·672 
4670 

4 668 

Cr ound Surface llevaeion p l us l!a.x. fl oll llev&t.ion 

200 

Map/ View Map Command (Tools Menu) 
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IIII Help 

Options 

Interpolate to DTM Points 

Create Elevation Points Layer 

Delete Elevations rrom Selected Area 

Create Grid Layer 

Create Area of Inundation Layer 

Exclusion Po lygons 

Plot Flow Depth Profile 

Flooding Damage 

Time Plots 

Show Tree of Graphs 

V1ew lvlap Template 

This command assists you to create production maps with text. Select the Map/ View 
Map option from the Tools menu and the system re cales the maximum depth plot and draws a 
template frame . 

I 
,;,. I 

, L 

The map template includes a left column for text and a right column with two parts; the upper 
part for the legend/text and the bottom part for the map ID. The user can edit, move, cut and 
paste text to both columns. If text already exists, clicking on the text region wi ll change its 
position. By clicking on the text region with the right mouse button, a pop-up menu wi ll appear 
with the options: Delete text , and Edit text. The Edit text option enables a dialog box for new text 
enhy or to copy and paste existing text. If there is no text in the text region, the user may enter 
text. ln the lower right region , the user can insert an image that represents a company logo or 
other map logo. The map legend and scale can be move around. After the map has been 
completed, it can be exported as one of the suppotied images for final printing . 
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Map/ View Text Handles Command (Tool Menu) 

Use thi s command to view or hide text handles on the map text and legends. If thi s 
option is selected, the text wi ll di splay a da bed line rectangle around each paragraph. This 
fac ilitates locating and moving existing legends. 

Flooding Damage/£ timate Flood Damage Command (Tools Menu) 

- Help 
Options 

IntErpolatE tiJ DTM Points 

CreatE Elevation Points Layer 

De letE Elevations tram SelectEd Area 

CreatE Gr ld Layer 

CreatE Area of Inundation Layer 

Exclusion Polygons 

Plot Flow Depth Profile 

Map TemplatE 

Time Plots 

Show Tree of Graphs 

stunate Flood Damage 

>ho t11 [ arnilgD 

Use th is command to e tim ate the flood damage. It can be used for any type of structure or land 
use such as agricultural crops. To use this option, you must have the fo llowing data: 

• A polygon shape file conta ining an index for each polygon. Each polygon represents a 
building or house. 

• A table file (* .TBL) containing damage ($) data as function of flood depth for each 
building type in the polygon shape file. This tab le file is organized as follows : 

Column 1: A damage code co incident with the ID of the shape file polygon. 

Columns 2 to 11: Cost associated with 1 (ft or m) depth , 2ft depth , . .. , I 0 ft depth. 

The following data fom1s a typical damage table: 

DamageCode,Depth I ,Depth2,Depth3,Depth4,Depth5 ,Depth6,Depth7 ,Depth ,Depth9,Depth I 0 
1,5000, I 0000, 15000 20000,25900,30500,35000,40000,45000,50000 
2,3000, I 0000, 15500,20500,25000,30300,35000,40000,45000,50000 
3,4000,10500,15000,20300,25000,28000,35000,40000,45000,50000 
4,5500,12000,15000,20000,25600,30000,35000,40000,45000,50000 
5,5000, I 0000, 15000,20000,25000,30000,35000,40000,45000,5 0000 

Line 1 indi cates the name of each column. The second line indicates that for polygon # 1, 1 ft of 
flood depth will have a damage cost of 5000, 2 ft of flood depth wi ll have a damage cost of 

I 0,000, 3 ft depth will have a damage cost of $ 15000, and so on. 

The general procedure used to calculate damage cost is as follows : 

1. Read FL0-20 results. This will include max imum flood depth for each grid element. 
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2. Import building polygon shape file. 

3. Imp01i cost table($$ associated with the flow depth for each structure, field , etc.). 

4. Oetennine building (or field) polygon intersections with the FL0-20 g~id elements. 

5. For the building (or field) polygons, calculate damage $$ using the following fom1Ula: 

where COST8 is the estimated cost caused by the flooding for building B , A; is the subarea of 
intersection between the building and the g~id element i. Cost; is the $$ associated with the 
area flooded by grid element i, and A8 is the area of building B. 

When the algorithm is complete, each building or field will have an estimated flood 
damage estimate. An example application of this procedure fo llows. Note that the sample 
flooding and the cost table are hypothetical: 

I. Read FL0-20 results. The fo llowing figure shows the FL0-20 predicted maximum flood 
depth: 

. _, 0 .. ~ . !! · l! · \l· • ·I , . 

"'" 

,, 
" 

, 

•• ... 

2. Import a building polygon shape file using the Import Shape file Command in the File 
menu . 
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The following figure shows a detail of the building shape file displayed over the maximum flow 
depth plot: 

.. 

., .. 

3. ow u e the Estimate Flood Damage Command in the Tools menu. In this example, the 
buildings shape file is named HOUSES. HP. The following dialog appears: 
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Flooding Damage Estimation 

Buildings shape lile: I HOUSES.SHP _:.] 

Building ld field: IHDUSES_ID :o:J 

I ~rri.Pii~~P-~ilii'9e"Jal!!e.J I C:\FLD·2D\201l>.01\Projects\D<>mage_assessment_ex<>mple\D"""'geCode_08.tbl 

ld 1 02 03 4 05 06 7 08 09 1 ~ 

~ 1 3CXXJ 6000 9000 12000 15000 18000 21000 24CXXJ 27000 30000 -
2 3CXXJ 6000 9000 12000 15000 18000 21CXXJ 24CXXJ 27000 30000 
3 3cx:xJ 6000 9000 12000 15000 18000 21CXXJ 24000 27000 30000 
4 3CXXJ 6000 9000 12000 15000 18000 21000 24000 27000 30000 
5 3000 6000 9000 12000 15000 18000 21 000 24000 27000 30000 
6 3000 6000 9000 12000 15000 18000 21000 24000 27000 30000 
7 3CXXJ 6000 9000 12000 15000 18000 21CXXJ 24000 27000 30000 
8 3CXXJ 6000 9000 12000 15000 18000 21000 24000 27000 30000 
9 3cx:xJ 6000 9000 12000 15000 18000 21000 24000 27000 30000 
10 3cx:xJ 6000 9000 12000 15000 18000 21CXXJ 24000 27000 30000 
11 3000 6000 9000 12000 15000 18000 21000 24000 27000 30000 
1? 1fllll ~;nnn qmn 1?nnn 1 ~nm 1Rnm ?1mn ?4mn ?7nnn 1mnn . 

II• .r 
1 '~1 ~ I ~ 1~' 1 

Compute Qamage ... I Cancel I 

4. Choose the HOUSES.SHP building hape fi le from the list and the appropriate bui lding ID 
field (HOUSES_ID in thi s case). 

5. Import damage ta ble using the button Import Damage Table. 

Flooding Damage Estimation 

8 uidings shape fie: I HOUSES.SHP _:.] 

B URding I d field: IHDUSES_ID :o:J 

l aiiiP..oJcR~~~~I~J~~J I C:\FL0-20\2006.01 \Projects\Damage_assessment_example\DamageCode_08.tbl 

ld 01 02 03 04 05 06 07 DB 09 01 0 ~ 

~ 1 3000 6000 9000 12000 15000 18000 21000 24000 27000 30000 -
2 3000 6000 9000 12000 15000 18000 21000 24000 27000 30000 
3 3000 6000 9000 12000 15000 18000 21000 24000 27000 30000 
4 3000 6000 9000 12000 15000 18000 21000 24000 27000 30000 
5 3000 6000 9000 12000 15000 18000 21000 24000 27000 30000 
6 3000 6000 9000 12000 15000 18000 21000 24000 27000 30000 
7 3000 6000 9000 12000 15000 18000 21000 24000 27000 30000 
8 3000 6000 9000 12000 15000 18000 21000 24000 27000 30000 
9 3000 6000 9000 12000 15000 18000 21000 24000 27000 30000 
10 3000 6000 9000 12000 15000 18000 21000 24000 27000 30000 
11 3000 6000 9000 12000 15000 18000 21000 24000 27000 30000 

I• 
1? 1Mn J;nm qnnn 1?mn 1~ 1Rnnn ?1nnn ?Annn ?7nnn 1nnm .r 

I '~ I ~ I ~ 1 ~1 1 

Compute Q amage. .. I Cancel I 
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6. Click on Compute Damage button to calculate damage estimate for each building. Mapper 
will create a layer containing the building co t for each building intercepted by the flooding 
area. The total damage cost will be di splayed: 

FL0-20 Mapper rg) 
Total damage cost : 141,779 

OK 

The system also assigns a color for each building according to the damage co t: 

Domago(S) 

15.000 

12,857 

10,714 

8,671 

6,429 

4,2ll6 

2,143 

0 

The individual building damage cost can be displayed by double clicking the building damage 
layer in the 'Layer List ', selecting tJ1e 'A dv Label ' option and clicking tl1e 'Apply ' button. It may 
be necessary to reduce the font size with the 'Label height in map unit ' control in the same 
option. See the following figure . 
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Time Plot Command (Tools Menu) 

dii Help 

Options 

Interpolate to DTM Points 

Create Elevation Points Layer 

Delete Elevati:Jns !Tom Selected Area 

Create Grid Layer 

Create Area of Inundation Layer 

Exclusion Polygons 

Plot Flow Depth Profile 

Map Template 

Flooding Damage 

T1rne Plots 

Show Tree of Graphs 

Use thi s com mand to select the gJid elements and plot flow depth or velocity vs. time. 

NOTE: This command is only available when the Time Lap e Output option was selected in 
GDS (assign ITIMTEP and TIMTEP variables in the CONT.DAT file for the FL0-2D 
model simu lation). The model will then create the TIMDEP.OUT file that contains the 
depth and velocity time history by output interval for all grid elements. If this option was 
not selected before running the model the Tim e Plot Command will be available in the 
Mapper menu. 

In the above figure di playing the maximum flow depth , four g1·id elements were selected. By 
double clicking on any of the elected elements and the following menu appears: 
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Flow Depth vs Time 

Velocity vs Time 

Hide All Plots 

Delete Cell Group 

Choose for example the Flow Depth v . Time option. The following graph is di played: 

.I 

/ 
.. '/ 
I 
• 

w ·er r ~~~ va Time 

.. ~ .. I .u, ....... , . .. 
- " 

The legend indicates the g~id element number. Only those grid element with a flow depth 
g~·eater than zero are plotted . 

The other menu option is a plot of Velocity vs. Time: 

Flow Depth vs Time 

Veloc1ty vs T1me 

I Hide All Plots 

~ete Cell Group 

Cl ick on this command to plot the velocity ersus time for each selected g~·id element: 
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Hide All Plot (Time Plot Shortcut Menu): 

Thi s command hides all plots. 

Flow Depth vs Time 

Velocity vs Time 

H1de All Plots 

Delete Cell Group 

Delete Cell Group (Time Plot Shortcut Menu): 

Deletes the selected cell or grid element group 

Show Tree of Graph (Tools Menu) : 

Flow Depth vs Time 

Velocity vs Time 

Hide All Plots 

Delete Cell Group 

..c- ~ IJ:f,oof. 
- ... 

ua.t 

Displays all the existing plots associated with the gri d elements groups . 
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- Help 

Options 

Interpolate to DTM Points 

Create Elevation Points Layer 

Delete Elevations from Selected Area 

Create Grid Layer 

Create Area of Inundation Layer 

Exc Ius ion Polygons 

Plot Flow Depth Profile 

Map Template 

Flooding Damage 

Time Plots 

The following window is di sp lays all selected group of Cells or Grid elements. 

- Cels 
CelsGr0<.1> 1 

You may also use this tree to select any avai lab le group. 

8.4 Help Menu Commands: 

Contents Command (Help Menu) 

• Contents 

About Mapper 

This command initiates the online help system that describes all the Mapper functions 
and menu items. The user may access the help system from any Mapper also using the F I key 
and a window displaying the corresponding infonnation will be presented . 
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GDS Interpolation from Multiple Files 

GDS new interpolation tool 

Data requirements 

369941.27 
369946.27 
369951.27 

Previous versions of the FL0-2D Grid Developer System 
(GDS) provided a method to interpolate terrain elevations 
that required importing all points . The original procedure 
was not able to handle more than about 15 million points 
due to limitations on the development tools used to create 
GDS. To circumvent this limitation and allow the 
processing of virtually unlimited number of elevation point 
data, FL0-2D Software has developed a new method that 
does not require import ing the points and significantly 
extends the model interpolation capability. This document 
summarizes the functionality of the new tool and provides 
simple instructions how to use it. 

The new interpolation tool reads data files in any of the 
following data ASCII formats . 
1) Space or comma del imited ASCII files, 3 data values per 

line 

These f iles contain three values on each line as follows : 
X_Coordinate Y_Coo rdinate Elevation 
Example of space delimited file : 

1183607.125 
1 1 83608.125 
1183609.125 

4654.71 
4654.50 
4654.29 

Example of comma delimited file: 

369941.27 ' 
369946 . 27 ' 
369951 . 27 ' 

1183607 . 125 ' 4654.71 
1183608 . 125 ' 4654.50 
1183609.125 ' 4654 . 29 

2) Space or comma delimited ASCII files, 5 data values 

per line 
These files contain five values on each line as follows: 

ID X_Coordinate Y_Coordinate Elevation Value 

1 I FL0-2D Software Inc. 
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GDS Interpolation from Multiple Files 

X1 
X2 
X3 

For this file format only the point coordinates and 
elevation value is used . First column (ID) and last column 
(Va lue) are ignored . 

Example of space delimited file : 

369941.27 
369946.27 
369951.27 

1183607.125 
1183608.125 
1183609 . 125 

4654 . 71 777 
4654.50 71717 
4654 . 29 2828 

Example of comma delimited fi le: 

X1 I 369941 . 27 I 1183607 . 125 I 4654.71 
X2 I 369946 . 27 I 1183608.125 I 4654.50 

777 
71717 

X3 I 369951.27 I 1183609.125 I 4654 . 29 I 2828 

3) List of elevation data files ELEVFILES.DAT: 
This optional file contains the list of files including path 
and name. It needs to be created by the user with any 
text editor program and facilitates handling hundreds 
or thousands of files which may be difficult to select 
using a standard MS-Windows file handling dialog box. 
Users may mix any of the supported formats, i.e ., some 
files may be 3 column space delimited, and others five 
columns comma delimited, etc. All files must have.TXT 
extension. 

Example of ELEVFILES.DAT file : 

C : \PROJECTS\FL02D\2009\Goat2009\dtm1 . TXT 
C:\PROJECTS\FL02D\2009\Goat2009\dtm2.TXT 
C : \PROJECTS\FL02D\2009\Goat2009\dtm5col.TXT 
C : \PROJECTS\FL02D\2009\Goat2009\dtm5col2.TXT 

NOTE: All elevation ASCII files, regardless of their format 

must have extension . TXT . 

2 I FL0-20 Software Inc. 
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GOS Interpolation from Multiple Files 

GOS requires that the user creates a FL0-20 grid prior to 
interpolation. To interpolate use the new 
Interpolate from Multiple Elevation Files ... from the GOS 
Grid menu as shown : 

fl0·2D Grid Developer System (2009) • C:\fL0-20\2010\DWR\ 

Fie V'teW Grid Tools Help 

Create Grid 

select 
Assign Parameters to selection 

Interpolate Elevation Poilts 
Interpolate from ~le Elevation Fles ... 

Green-Ampt Parameters 

Compute Marrt"lg Coefficients ... 

Compute SCS Ctrve f\t.Jmber 
Compute Width arid Area R.ecliction Factors 

Define Boundary Grid Elements 

5ell.lp Computational Area 

Create Grid Layer 

This command will bring up a file selection dialog: 

Select ELEVFILES DAT or LIDAR ASCII flies 

Look 1n: I test-e.rea ~ .. (!J d lrn· 

~ ElEVFII...ES.DAT 

My Recent 
OoOJments 

Desk1op 

_; 
MyOoOJments 

My Computer 

My Network 
FilenMla: IELEVFll.ES.DAT ~ Pl~ttes 

Files of ~ype· I ELEVFll.ES (ELEVFlLES DA 1) ~ 
r Open e.s read-only 

3 I FL0-20 Software Inc. 
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GDS Interpolation from Multiple Files 

There are two options here : 

• Users can select an ELEVFILES.DAT file if available , and 

import the list of elevation files in the format discussed in 

t he previous section or, 

• Users can select the actua l elevation data files. It is 

necessary to change the default file extension to .TXT to 

select a group of ASCII elevation files as follows : 

S•l•ct ELEVFILES OAT or LIDAR ASCII ftl• s __ ? ~ 

Look en. I U test-aree .:..] .. ~ L:f irnT 

~ 
S.ll<T 

My Recent 
OoOJments 

Desktop 

_./ 
My Documents 

MyCompU1er 

MyNeiWOrk 
File name i·sTXT" ·s.TXT" .:..] Open 

Pieces 

Files oflype luDARASOIIIes ("TXT) iJ Cencel 

r Open e.s ree.ckmty 

For either option, clicking Open, displays the interpolation 
dia log box: 

4 I FL0-20 Software Inc. 
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GDS Interpolation from Multiple Files 

Gnd El•m•nt El• ¥allon lnterpohllton 

1 r r 
• I 

r 

r I ' 
I 

I I 

I I 

<o ~se all avai lable elevation point~ 

r Use this %of elevation points 
(0.100) 

QK Con eel 

There are two interpolation option to chose. The default is 
Use all available elevation points, which will compute the 
interpolated elevations using all points on each grid 
element. Selecting the Use this % of elevation points will 
calculate the elevation using the assigned subset of points 
on each grid element. The % is a global value based on the 
average number of elevation points per grid element. 
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GDS Interpolation from Multiple Files 

Interpolation method 
If the user selects Use all available elevation points option, 
the GDS will compute the grid element elevation using the 
elevation average of all po ints on the element. The GDS 
does not import or display the elevation points, but 
instead reads one point at a time, determines the grid 
element where the po int is located and computes the 
average elevation . A similar procedure is followed if the 
user selects a subset of points but GDS will calculate the 
elevation using the indicated percentage of points on the 
element. 

If no elevation po ints are found on an element or if the 
number of po ints is less than the specified percentage, a 
tag value of -9999 will be assigned to that element. Also 
the element will be highlighted in black as shown : 

If there is at least one element without a calculated 
elevation, a dialog box will be disp layed presenting three 
options to assign elevations to those grid elements: 

Non-Interpolated Grid Elements 

There are 796 non-interpolated grid elements. 
What would you like to do? 

r Assign this Value to all Non-interpolated Grid Elements: 

r Highlight Non-interpolated Grid Elements and Assign One by One 

OK Cancel 

The Interpolate from Nearest Grid Elements option will 
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GDS Interpolation from Multiple Files 

compute an elevation by assessing the elevation data in 
the neighboring 8 grid elements and averaging the point 
elevations (-9999 values are not used). The algorithm 
initiates from the periphery of a cluster of non-interpolated 
grid elements and proceeds to the interior of the cluster 
ensuring that at the end of the procedure all grid elements 
will be assigned an elevation. 
The user can assign a value to all -9999 grid elements using 
Assign this Value to all Non-interpolated Grid Elements. 
The third option will leave all uninterpolated elements with 
the -9999 tag. The user will need to double click and assign 
a desired elevation for each one. 

The new Non-Interpolated Grid Elements command on the 
View menu turns on or off the black unassigned grid 
elements. 

FL0-20 Grid Developer System (2009) -

Fie View Deslgl Grid Tools 1-ieP 
D ' Viewf<l ~ 

Zoom Out Previous VIew 

zoom Out 10% 

Pan 

Layers List .. 

D1M Pont Elevations Rendering ... 
Track Elevation Pohts 

Grid Element !\Umbers 

Grid Element Elevation Values 

Grid Element Marrilg's n-Val.Jes 

Grid Element a.rve f\l.Jmbers 

Grid ... 

Components 
~ Elevation Points 

I ~ Non-Interpolated Grid Elements 

Marrtlg's n-Values Rendering 

Grid Element Elevation Rendering 

ti<jliglt Grid Element 1\Umber ... 

Cross Section 1\Umbers 
eels Without Cross Section !\Umbers 

Redraw 

NOTE: GDS will not initiate a FL0-20 model if there are 
elements with the -9999 tag . 
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GDS Interpolation from Multiple Files 

Support 
GDS support questions or comments may be addressed by 
email to reinaldo@flo-2d.com or jim@flo-2d.com . 

8 I FL0-20 Software Inc. 



• Welcome to the FL0-2D DFIRM Tools 

• 

• 

These are a series of too ls designed to help with DFIRM creation. There are two main working areas: 
the main program, and two toolbars that function inside of Arc View. Both work with the same proj ect 
fi le created inside the ma in program. You start by creating a project fo r your community. 

They are not a substitute for more advanced tools that have been created. The goal is to create a set of 
flexible and dynamic tools to automate many repetitive ta ks. They are fl exible in that the user 
maintains control over nea rly every output product. They are dynamic in that they retrieve a lot of 
inf01m ation from two easily editable xm l fi les saved on the computer. It is not recommended to edit 
these, but they are ava il able fo r the user to change. The user should review the final products created by 
the tools for problems that might have arrised . 



• Project Introduction 

• 

• 

To work with the DFIRM tools, you need to create a new project. Some tools on the toolbars do not 
require the project to be loaded. Mo t tools in the main program wil l require the project to be loaded, 
and are disabled till a project has been created or opened. The project keeps h·ack of where the original 
files are located , but does not check if they ex ist till they are needed. The project fi le also stores 
metadata information, and uses thi s when creating DFIRM metadata. The project file is just an xml file 
in the project directory . While it is pos ible to manually edit this file , it i not recommended . 
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Create a new project 

i l 

• Se lect 1ew Proj ect from the ProJeCt dropdown menu. 

• This opens the New Proj ect dia log. 

Co u , lD 

Rr!Ciu•r~ UThf Pre, ton (nfo rrn,bo n Fodxlr( Code 

et Fole Fold<r 

CtptJJns 

~~· All Fles Have ltle arre Paltl 

fli es f e a l.lf"liQue P th 

First se lec t the Project Path in the tex tbox. Then c lick Get Fil e Folder and naviga te to where yo u would like to create a proJeCt folder. The project fo lder wi ll be c real! 
selected fo lder. 
Se lect A reMa p Templ ate File Loca tion and nav igate to where you would like to store the Pane l Template. It is reco mmended to s to re this in a location that is acccss ib 
working on the project. otherw ise it wil l need to be copied from co mputer to computer. 
Repeat fo r the FLO -2 0 Proj ect Pa th . I f you do not ha ve a FL0-2D project pa th , selec t an arbitra ry fo lder. 
For the _ FIRM _ Pan option, you need to select th e folder where a S Fl RM Pan shape file is located. T he fil e does not need to be there at the time o f project c rec:~ tion . 

too ls. 
Er11 er a Community I D 
Click the Get UTM Projection butt on and you should be taken toE Rl's Coordinate ystems Folder. Selec t a TM proj ec tion for your commun ity. While FEMA do< 
Coordinate Systems, UTM is the pre ferred coordinate system. 
Next select S_ BFE. I fall your DFIRM shape fi les are stored in the same location. leave th e default option se lected. Yo u do not need to assign a path to each one. 
Click Crea te Project. 
If thi s is a proj ect you plan to use next time. Click on File in the main window. a nd save settings . 
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Open an existing proj ect 

Select Ex isting Project fro m the Project dropdown menu . 

II E ..... $bn p, je 

• Thi s o pe ns th e Open Exis ling Project dialog. 

Co munii'J 10 

• C lick the Get Project Fo lder button 

Br<7MO for fo ' dor (? 118J 

• j C 'A"<Bl<_ o DFIRI' 
t ..,::, C ~A..-::rm ... Ho:.li ~Z IJ"Y\.! Ct'l Ill 

.=' _J Vo!~:EU1 ~ T ef C#st:y 

• ..J A<: 

~.vFd<i!r ] I ~) 

Naviga te to the projecl fo lder that you have created. It should end in DFIRM PROJ. e lect this folder and c lick ok. 
In the Open Ex is ting Projec t dia log, the Community ID tex t box sho uld be populated wilh th e project's Co mmunity I D. 
Click on Get Projec t. 
If this is a project you plan o n us ing next time. Go to File in th e mai n window, and se lec t ave Seuings . 
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Create empty shapefiles 

• Select Create Empty 

• This opens the Create Empty Shape fil es dialog . 

Check which empty shapefile you would like to crea te. 
Click Create. 
If the file does not ex ist m the stored project path for that fil e. then the fil e will be created there. Otherwise 11 will be created 111 the project directory under 1 C 
Deliverables' communitylD DFJRM DrJRM DB .Arc hape. 
T ip: If you a re working w11h a geodatabase, have the DfiRl\1 too ls crea te empty shape fil es for your fea ture classes. Then usc the Append Too l in the A rc~1ap,A rc at 
your geodatabase feature c lass to the new shape file. Exporting to a shape file from a feature c lass crea tes incorrec t fi eld widths. appendmg maintains the correct struch 
names match. 
Tip: If there is a shapef'i le that IS not li sted that you need to crea te . you can add it to th e dfinn.xml fil e located in the install directory upportfil es. Be sure to add a pat 
the new shape fil e . 
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Create empty lookup tab les 

Select Create Empty Lookup Tables from the QA QC dropdown menu . 

• This opens the Crea te Empt y Looku1> Tables dialog . 

Check which empty table you would lik e to crea te. 
Click Create. 
T he fil e will be crea ted in the proJeCt dtrectory under M C Deliverables\com munity iD DFIRMIDFIRM_ DB A rc hape. 
Tip: If there is a table that is not li sted that yo u need to crea te , you can add 111 0 the dfinn.xml file located in the install directory• upportfilcs. Be sure to add a path 111 

new shapefi le . 



• 

• 

• 

QA/QC the attribute tables 

elect Attribute Table from the QA QC dropdown menu . 

Attrbute- T4 e 

• This opens th e A ttr ibute Table dialog . 

.tlltt'eut"'t'"hiJII> ~lP•~ 1!1 

Check which dfirm table you '' a uld like to c heck. 
Click Check for errors. 
An error xml fil e is created in the project fo lder. 
T ip: If there is a shape file that as not listed that you need to c reate. you can add it to the dfirm .x ml fil e located in the tnstall direc10ry/ upportfiles . 



• Check vector topology 

electl opology from the QA QC dropdown menu. 

Topolo "t 

• Thi s opens the Topo logy Check dialog. 

I• p d •uv' h..... .. ~ 

_rm 11V. [8 
I 

E>Ot 

se · 1o R<oou 

The topology check works with e ither points or polylines. 
• The Point section primarily looks for for dup licate points. Poly line checks for undershoots and ove rshoots. 

Fo r the polyline check, you need to eruer a search radius. Bas ica lly an acceptabl e distance where overshoots and undershoots nllght occur. 

• • The output is in the ma in window. A point hapc lil e of errors is a lso c remed . 
Note: This is not a substitute for more advanced topology checks. It may not catch every error . 

• 



• Annotation 

• 

• 

Creating annotation works in two pa1ts. The pre -processing tools are in the main DFTRM tools window, 
and the creation too ls are located on the DFIRM Too l Too lbar; this was done to speed up the process. 
The pre- processor takes the ex isting shapefi les and imports them into a geodatabase. While doing thi , 
preprocessor attempts to categorize and classify each fea ture to identify what style the annotation will 
u e. It also attempts to crea te the text string based on certain fields. That is why it is necessary to have 
complete fea tuJ·e clas es when creating annotation. There is also an option to replace or add fea ture 
classes to the geodataba e. At this point, the user hould review the created fea ture clas es to check tha t 
the pre-processing worked. It is easy to change these cia sifications and text trings at this point, 
because they are stored as attributes in the fi le. 

On the DFIRM tool bar, there is an option to create annotation or to setup annotation fo r editing. If you 
prefer to generate your own annotati on from labels, select the setup annotation for editing option. Thi 
associates label styles stored in the DFIRMv2 .style fi le with the layers and create label classes for the e 
fil e . You can view the e in the label manager. Otherwise, run the create a1motation tool. This 
generates a new geodatabase with the mmotation. You ca n create annotation fo r all the panels or 
individual panels. The S_Pol_Ln fi le wi ll not create annotation, but you can create an empty annotation 
cia sat each of the three cales. The politi cal boundary labels will need to be created manually. At this 
point there is now automated tool. The S_Poi_AJ· does work fine. 

Now you have all the annotation stored in a geodataba e that can be eas ily moved and edited (en masse 
or individually). Manually editing i the best method to ensure complete control and quality . 



• 

• 

• 

Annotation p1·e-p1·ocessing 

elect A nn otation Pre-- Pro essmg from the A nnotation dropdown menu. 

There is no dia log for thi s too l. 
The tool will process automatically creating a g.eodatabase in th e project geodatabase folder. 
Please verify the riles aner crea tion . 



• pdate Geodatabase 

elect A dd or Repla ce Feature la ss from the A nnotation dropdown menu. 

• This opens the Add or Replace dialog . 

• imply select which files to add or replace. and the pre -processing will run a gam . 

• 



• Automatically generate annotation 

• 

• 

• elect Crea te Annotation from the A nn otation dropdown menu . 

• Thi s opens th e Create A nnota ti on di a log . 

.,. Select features for Annotating GJ[QJ~ 

S_Poi_Ar 
S_Poi_Ln 
S_PLSS_Ar 
S_PLSS_Ln 
S_Perm_Bmk 
S _ T rnsport_Ln 
S_Wtr_Ln 

All Panels 

0025 
0050 
0075 
0100 
0120 
0125 
0140 
0150 
0175 
0200 
0225 

Create Annotation 

Create Empty Annotation Classes 

A 

v 

Create Annotat1on 

Annotation Editing Setup 
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• 
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• This dialog requires that a project is open on the toolbar. 
• Select the feature class you would like to create annotation for (mu ltip le's are allowed). Do not 

elect the S Pol Ln feature class. 
• Select the panel. 
• C li ck on Create Annotation. 
• If you want to create a S_Pol_Ln annotation class, select it and click Create Empty Annotation 

Classes 



• 

• 

• 

Editing annotation in ArcMap 

Editing th e annotation w il l involve at least four toolbars: the DFIRM TOOLS, DFJRM AVIGATO R, A OTATION, and EDITOR: 

Ed1tor rBJ , 
EditO[ • 

Create AnnotaiJon 
elect Create Annotation from th e Annotation dropdown menu. 

Amotation Ed~ilg Setup 

• Stylize the base feature c las es to your liking (roads= red, tream = blue, etc) 

• Add th e ed itor too l bar. Click the ed itor drop down, and se lect ta rt Editing. Select the Annotation Geodataba e when asked, and th en set the 
Target as th e anno ta tion you like to edit. Through th ese examples we will be using the S_Tmsport annotat ion. You will notice that the prefix 
always matche th e spat ial databa e layer, and is fo ll owed by the sca le. The sca le of th e an notation is dependent on th at panel's sca le. 

• If you wo uld like, you could generate the panels and th en ed it th e annotation from within the panel, but for thi s exa mple, we will edit the whole 
community at th e same time (in this ca e a county). If you are ed iting th e whole community, there is a tool on the DFIRM TOOLS Toolbar that 
will generate a shapefil e of points sepa rated by 5000 or I 000 space . This will line up with the grid tick marks on the fin al panel. Thi way yot 
can edit annotation and avoid hav ing the annotation imersect th e tick marks. 

• The DFIRM Navigator contains too ls to assist with Annotation editing. You can type the 4 digit panel number and you will be zoomed to it. If 
you check th e zoom to sca le, and enter th e panel number, you will be zoo med to that panel and the sca le will be set a t th e a me as th e panel's 
sca le. ll1e reference sca le will set your symbology at th e cmTect sca le. Use the dropdown to elect which sca le you need. The Target Layer 
sets th e Active Annotation Target. You would need to set thi each time you want to copy a piece of annotation. For example, you copy a 
12000 sca le tran p011ation annotation, set it to _Tmspon_Ln_12000 copy and paste: then you want to copy th e 12000 stream, set it to 
_ Wtr_ Ln_ 12000 and copy paste. You should also set th e target layer on the editor too l bar, just to be sure that th e annotation is to red in the 

ri ght feature class. You can manuall y set the Acti ve Annotation Target by adding the Draw too l bar, click th e Drawi ng menu and select th e 
Active Annota tion Target. 

• You have three options to selec t th e annotation. The Select Elemems too l (Tools Toolbar), Edit Tool (Editor Toolbar). and Edit Annotation 
Tool (Annota tion Too l bar). It is best to select the annotation using the Edit Annotation Tool. 

Exa mple: 

• Select the Edit Annotation Tool from the toolbar. 

• /.._,I 
• elect the piece of annotation you need to edit. A cyan border will SUJTOund it. 

! !NAV~O STj 
• Now you can move thi s piece of annotation. 
• I~ iPhl ('l ic k onrl <f" lecl Rnto lf" M nd e Thi< i " fr<'P rntotf" m nrlP (' lick""" hnlrlth f" lf"fl mn n<f" h ull n n m1 cl mnvf" th f' m n n<P tn rnl"l" 



. ··e· .. - ··-·· -··- ... ... .......... ... . -.... .. .... ....... . ... ... .... - .. -- . .... . - ....... ... ....... ..,_ ....... -··- .......................... .... ... ... ... ... .... .... .. -··- ... ..... - ......... ... ...... .... .... . ..... ..... ... . • • A handy feature for annotation i to convert it to multiple pan s. This split the annotation (based on spac ing) but mai nta ins it as a s ing le piece. 

• Ri ght-C lick on the annotation and select on vert to Multiple Part . The annot<\ tion i plit into different piece 

• C lick on the . T piece and it will tum magenta. 

NAVAJ<D 

You can move th e epa ra te piece . 

• NAVAJ<D 

• Or rotate it. 

NAVAJ<D 

• Right-C lick on th e selected annotation and select Attributes. 
• I-I ere yo u can change th e text string, or change the tyle for this indi vidual piece. 

- Amo_S_Trnsport_Ln_600J 

mzDD 
Amotation I Attiibutes l 

js_ Trnsport_Ln :Road 6 

NAVAJOST 

1 o Alial 3 re-----3 

• ~ _!j~J!J ~ ~~ 
fwje: jo!XXXl±J l,eadet.. l ~u. j 

1 features 



• • O n the atu·ibutes tab. you can edit the specific attributes: 
r--

j:J 
- Amo_S_Trnsport_ln_6000 Annototion Attributes I 

NAVAJO ST 

Property I Value I 1\ 

Textstr/ng NAVAJO ST 
FontN.>me Arial 
Font512e 8 
Sold No ,-
Italic No 
Underline No 
Verticoll\lolvnenl: Center 
HorizontaiAigvn ... Center 
X Offset 0 
VOffset 0 
Angle 0 ._ 
Fontteacino 0 
WO<dSpoc/ng 100 
CharocterWidth 100 
lh.vw~HC\nNinn n v 

1 features 

No No Certer Center 
Ariol No No Center Center 

Placed 5TH ST Ariol No No No Cerler Center 
Placed LEV-AS ST Ariol No No No Cerler Center 0 
Pl8ced 7TH ST Ariol No No No Cerler Center 0 
Placed PAGOSA ST Ariol No No No Certer Center 0 
Placed CR 200 Ariel No No No Cerier Center 0 
Placed CR 400 Arlo! No No No Cerler Center 
Placed 160 Arkt~Nemow Yes No No Cerler Center 
Placed APACHE ST Ariol No No No Cerler Center 0 
Placed CRSOO Ariol No No No Cerler Center 0 

• Pl<lced 9TH ST Ariol No No No Cerler Center 0 
Pl<lced 3RD ST Ar181 No No No Cenl:er' Center 0 
Pl<lced 21\{) ST Ariol r No No No Cerler Center 

Placed SQUAW CANYON Pl. Arlo! No No No Cerler Center 
Placed CR 119 Ariol 8 No No No Cerler Center 
PtSCed HOT SPRNGS Ell VO Arlal 8 No No No Center Center 0 
Placed SAN JUAN ST Arlol No No No Cerler Center 0 

Placed 4TH ST Arlal No No No Center Center 0 
Pl<lced CRESTVEW DR Ariol No No No Cerler Center 0 
Placed 14TH ST Ariol No No No Cerler Center 0 
P\N'M 1l'T ~T AriA! A llln Nn llln r.-,., C:NJIJII!J' n 

• There are two ways to add annotation: copy ex isting annotation and paste, or use the Con ttuctllorizontal Annotation tool. 

A and set th e symbol on th e dropdown Symbol: js_Trnsport_Ln:Abandoned R.Woac:.::J 

By electing the symbol, the style wi ll be set and you just need to change the tex t tring. . To copy annotat ion use the Ed itor Tool bar' Edit Tool. Set the targets, before copying. elect the annotation, right-dick and click copy. Ri ght· 
c lick again and select paste. 

• To Delete am10tation. select th e annotation with any of the selection too ls, and press the delete key . 

• 



• Working with panels 

• 

• 

Like with the annota tion, the panel generation is broken up into three pha es. A etup phase, creation, 
and editing phase. Whenever a proj ect is created, a template i copied to the template folder the u er 
elect . You sta11 by editing thi s template. Areas like the notes to user ection will need to be 

changed. To assist in thi , there are ce11ain pi eces of bold text enclosed in brackets, and these should be 
changed. You also need to change the proj ection information and change, or edit the gricl/graticule 
settings. The index map is included, but is not required by FEMA. If you have pecial template you are 
using you can easily replace the main template in the Suppot1Files directo1y. There i also an index 
map template in the fo lder, but nothing is done with thi s; it is up to the user. Blank areas in the 
titleblock will be populated by the tools. 

Next you generate the panels. This will create all or individual panels ba eel on what i stored in the 
S_FIRM_Pan that was created during the annotation preprocessing. Extras include the index map, and 
adding community informati on. The community information requires a completed S_PoJ_Ar file in the 
geodatabase. This process creates mxd fil es for each panel in the Panels folder under the project fo lder. 
Each is broken up by sca le. 

Finally open the panel in ArcMap and using the Add Grici/G raticule tool, you can conve11 the 
gricl/graticule to the proper fo rmat. l f you need to add a Township and Range note ( ee FEMA' text 
placement guide), u e the add township and range button . 



• Edit the proj ect's templ ate 

Select Edit Template from the Panel/Collar dropdown menu. 

There is no dia log for this too l. 
The too l will open a sess ion of A reMap where you can edi t the template for your project. 

ee the tips and tri cks section on how you ca n eas ily au tomate updouing your different notes secu ons . 

• 

• 



• 

• 

• 

Create panels/collars 

elec t Generate Panels from the Pane l/Collar dropdow n menu . 

• T his opens the Generate Panels dialog. 

\h l•,lh~D la f~mene e( r~1rde m~? 

Jnd ~ r~ap 

~~~~ lhQO~I;a Fr.a mQ n.imQ r tt"'g p oa nul? 

DFtRl-1 l 

0 cr•ate '.ll'HlfO! SIIpQnEii. 

:::J 15 
0 0025 

0050 
007 

::J 0080 
5 

'l 0090 
0095 
010~ 

DllD 

I save alue J 

Selec t a ll. or individual pane ls to generate. At this po int the re is no distinc tion between print ed and no t printed pane ls 
elect if you would like to add co mmunii y information. 
e lect if you would like to add an index map. 

If you changed the Data Frames name. put that information in the tex t boxes. 
T he max pane l numbe r is added based on the las t pane l on the checked list. Change this if so des ired. 
Click reate Pane ls. 
ll is recommended to s 1ar1 with 2 panels and then verify lhal everyrhing looks ok, then run the too l ovemight. 



• Inserting a grid/graticule 

• 

• 

• Select the add Grid button. @ 

• This opens the Create Gri d dia log. 

Grid Graticule Selection rg) 

UTM 

SPCS 

TICKS 

~ Add Create 

~Add 

~Add 

Panel Number 

Panel Layer 

Data Frame Name: Layers 

• Select a grid name in the textbox and then corresponding coordinate system for the gri ds you need 
to add. 

• Confirm Panel number and the S_FIRM_Pan Layers 
• C lick on Create. The grid should now be verified. ometimes there wi ll be tick marks that fal l 

outs ide the border that wil l need to be cleaned . This is mostly depended on the rotation caused by 
the UTM project ion . 



• Add Township and Range note 

• elect the add Township and Range ote button . 

• This opens an input box. 

• Panel Number ~ 

Confirm Panel Number OK 

Cancel 

umm 

• Confirm the panel number. 
• Select OK or cancel to exit. 
• A note is added be low the panel window . 

• 



• 

• 

• 

Create a terrain tile index 

• Select Tile Index from the Terram D dropdown menu. Ll __ c,_·..,_ t•_N_.,_, _r_d_• _ d_e_> __ __, 

• This opens the Crea te Ti le Index Dialog . 

This too l takes a contour file and break s it up iruo a tiling scheme. It requires one mput shape fil e. 
T he Grid Dimensions are m the unll o f the shape fil e. 
Select the Elevation field. and select the reset of th e mformation on the le ft . 
Click Create Files. Errors arc shown tn a dialog box at the end o f crea tion. omewnes networks can ca use problems wuh fil es. 
The files are outputted in the DC'S Terrain directory under the project folder . 



• 

• 
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General Metadata Information 

rvle tadata is s tored in the project XML file . The me tada ta info 1001 is how you add and edit th is in formal ion . 

• This opens the Metadata Information dia log 

lsoutc •la •CI" 
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This tab contains all the reuseablc general infonnation. Some fie lds wi ll a lready be popu lated . 
Click save when changes ha ve been made. 

• This opens the Metadata In formation dialog 
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I 
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S o...,-.:-g c C... b o n OptltrJ-. 

01om Pu~1cau::m Me ~ourc:e ltie 

c IondO>' alo 

u ontrtl u n 

This tab contains all source ci ta11on entries. 
elecc a so urce iu che cex rbox and c lick Edit Ex isr 1ng 10 chauge a source. C l1ck Add co save ic. Anytim e there is rhe sa me ource Abbreviat ion. then I he new mfonna11 

information. 
Just ent er inform ation to add a new source. 
When you crea te an XML fil e. only the acceptable source ci tations are added . 
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Create a metadata XML file 

Select Crea te XM L from the metadata dro pdown menu . 

• This open the X ML Fi le dwlog. 

n-. e u~ r., r e~on~b'e- for 
yg rt'ylnq t11g. con nt r t l1f> 
pr-oduud met.o t.:a fi le: 
V4ha .:teo j c: s u:~no m&t ::rn.:n 
C MY ..; l iii"'S J1 fi .s 
u'i"'il Jo1 h m ttn 

elect which metadata submiss iOn you are creating. 
Depending on which se lection yo u will be asked to c heck off w hich files are s ubmitted. 
A new XM L file is c reat ed in the M C Dc liverables fo lder under the proj ect fo lder. 
Be sure to check the lile in Meta man. and a lso you can use meta man to conven to a txt fil e fo r the submission . 

-------~ ----



• 

• 

• 

The DFIRM Toolbar 

• There are two tool bar installed with ArcMap: OFI RM Tool and OFI RM avigato r. 

• E7 Opens a project folder. This will be required for the Annotation tool s, Grid/Graticule, Township Range Note 
and Add I OOO x I 000 grid . 

• The Attribute Editing too l is discu ed here. 

• ~~~' Thi will populate the W _ LAT, W LO G, SE_ LAT, SE_ LO G field . It requires these fields to exist ir 
the databa e, but does not require the fi le to be ca ll ed S_ FI RM_ PAN. There ults hould always be ver ified. 

• Annotation i discu ed ~ 
• Graticule/Grid and Township Range ote i discussed here and here. 

• This tool will convert degrees minute seconds to decimal degrees. 

• C This tool create a hapefile of point , either a I OOOX I 000 (for UTM) or a 5000X5000 ( tate Pl ane) grid . It 
base the information on the _Quad_ lndex File, and u e that as the output folder . 



• 

• 

• 

Th e DFIRM Tools too lbar has a di alog to a s is t with a ttri bute editing. 

e lect the Edit Attribut e button. 0 

• Th i open a n input box. 

Edrt Your Attt~butes ~ 

Settings 

Layer 

:o:J 
Ccxesponds To 

:o:J 
Start 

Next Feature 

PreYious Feature 

Save Values 

Object 10 (DID or FID) 

Go To 

5 et Transparency 
(1 • no tr onsparency) 

11~ 
Layers Found 

• Select th e layer yo u wish to edit fro m th e drop down. 
e lect what DFIRM DB th e laye r co rres ponds to. Th e name d ocs no t need to be th e sa me. 

• (' li ck sta rt . The DFIRM structure will appea r on th e ri ght , and th e first fea ture will be zoo med to . Mi ss in g fi e lds will be li sted at th e 
bo ttom. The structure of the fi e ld doe not need to be th e sa me, but th e na me does . 

• You can nav iga te one fea ture a t a tim e u ing ex t a nd Prev io us Fea ture. 
• Edit va lues on th e r ight side, th en click save va lues to save th e m. T he re is no undo. so it isrecommended yo u make changes durin g an 

editing ses ion, so if th ere is a c hange yo u do no t have to save th e ed its. Oth erwise, th e changes are perm anent. 
• Yo u can zoom to th e Object ID o f any fea ture. 
• You ca n set the tra n parcncy of th e d ialog us ing dec im al . I is eq ua l to no transparency, and .5 would be equal to ha lftranspa rancy. 

Th i make it possi bl e to view th e fea tures behind the d ia log . 



• 

• 
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Co nve rtin g hapcfil es to Coverages in Arclnfo 9.2: 

I. When you export a shapefi le to a coverage. the projecuon informati on ts converted with 11. but the TIC' and Boundary information ts not. A way around this is to con v1 

ArcC'a talog. and then use Arc lnfo Workstation to do another conversion using the shapearc command line. The problem wi th using the command line is that th e projcc 
cop pi ed over. so just co py the dblbnd.adf and dbltic.adf fi les into the Arc at a log converted fil es (in the folder). 

2. Add I he labels using ArcCa lalog's Coverage 1oo lbox 10 I he polygons. 
3. \'c rify 1he Corre 1 Field \Vid1hs and Types (see below lisl) 
4. t\ take sure that the feature count in the coverages are the sa me as the shape files 
5. Coven 10 EOO format 

BFE 

FIELD: ELEV 
CII A GE TO UME RI C 8.13.2 

FIR 1_ PAN 

FIELD: EFF DATE 
DATE . 10 

FLD II AZ AR 

FIEL D: STATIC_BFE 
N MERIC 8. 13.2 
FIELD: DEPTH 
N ~ !ERIC . 13 ,2 
FIELD: VELOCITY 
:-IUMERI C .13.2 
FIELD: DEP REVERT 
NUMERIC 8. 13.2 

LABEL PT 

xs 

FIELD: D ·G REES 
Bl 1A RY4. 10 

• FIELD: IV EL REG 
• NUME RI C .13) 

Geoprocessing cript s for versio n 9.2: 

\Vithin the DFIRM mstallation dlfcctory under upponFiles there is a toolbox and scripts that can be added to A reMap and they wi ll ass 1st in the creation of t he coverages. I 
th is program. these requ1re Arclnfo Workstat ion to be installed. You add the too lbox (FL0-2D DFIRfo.l. tbx) by right clickmg on the main toolbox and then add toolbox. Na 
directory and select just the toolbox. Once it has been added rigl11-click on each script. se lect properties. and verify that it points to the correct locatton of that • .py file. 

C:mye :-1 1o (oV!:ra,ees Properhe.s t:.!J~ 

o ..... ., s ... ,., I r ""~''" 111 , I 
& 1 IF • 

Conve rt ing Geoda tabase Fea ture Classes to hapefil es: 



• 

• 
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When you expon a Geodatabase Feature Class to a Shapefile. th e fi e ld width and field type information does not match the spec ification. sc the append tool in the toolbox t 

an empty shape fil e. As long as the field name ma tches. each fie ld will be popu lated correctly. The DFIRM tools can crea te empty shapefi les that match FEMA speci fi cat ions 

Automatically Upda te The otes to sers Section evc r·ytime a fil e is opened : 

\Vhy au tomatica lly upda te'? Thts makes 11 easier to have a c hange ca rry over throughou t the entire project rather than individually changing each map. You s till need to open 
take place. but thts should make it easter. 

I. Stan by openmg the te mplat e for your proJeCt. Make any changes you need to the a n ginal otes to Users section you need and then copy all the tex t to a text fil e (using not 

2. For A reMap 9.2 users. Right-Click on I he l\o1es 10 L'sers Paragraph and seJecl propen1es. Under 1he Size and Position tab you have 1he option 10 name the eJemen1. This s· 
you can rename it if need be. 

:J! <!~Toe ~ 

••ooo 

* M~Ro.J;~··~. 

~J Ar<C::£:1oQ 

3. nder the Tools me nu selec t Macros. then Visua l Basic Editor 

~ tsxr.:-;, Qt t fB I 
.IMX N'ijl+_ 

Open the TemplateProject. then A reMap Objects. Double click on ThisDocument. Unless you've already added some code. 11 should be compl ete!} blank. Copy the followtr 
code area. Change the path /fil ename to where you saved your text file 

Pnvate Function MxDocument Open Document() A Boolean 

Call Upda teNoresToUsers("X :\ProJecrs\ OC\VCB06 lontezuma DFI RM \080 123 DFI RM _ Proj Panels\notes tousers. rxt". "NoresToLsersBody") 

End Function 
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:. lollcro .. rt 'llsw•t~lo OSOIZ3 rom,ldlo m•1 (PAo,-..II•,C rld (Codoll 

,;,. ~ b..q [.J.Sl 1 lrra _ 'I J !.:!.* 
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--------------------------~----------------------~ 

Symbo li zing Your Ma p: 

For mos1 objecrs rhar will be shown on the panel. us1ng rhe domam values srored 1111he fie lds will suffice. for others. you can use one symbo l for the whole layer. Other . y 
separare sy mbo l fi e ld to make rhings easier. Included with your installation of the FL0·2D DFIRM Tools is a •.sryle ca lled DFIRMv2.style. These are sty le thatthe tools L 

the panels as well as the annorauon. You can manipulare these and add your own to th e style library. TIH.~ following are some tips to help you symbolize your map. 

The BFE layer is straightforward . each bfe has the sa me symbo l (called . BF '"the library) 
FL D llaz_Ar can be a bit more compl1cated. I fyou do not have noodways. then access your layers properties. and click the ymbology tab. Under the Categories c 

ymbols in a tyle. For the Va lue Fteld select FLO ZONE and the style DFIRM v2.sty le. This should match all the zones to thei r appropriate fie ld . 
I f you do have noodways. use the a tego ries option aga m. but select nique alues~1any Fields. TI1e first fi eld hould be FLO ZONE and the second fi e ld should b 
the va lues and rhen symbolize accordingly. 
S FLO Haz_ Ln , again. is complicated. \Vith the need for gutter lines and the normal line symbols there are different options. You could create a graphic line at the lo 
butt hen th ese cannot be updated very easi ly. A better option is to add a fie ld for sy mbo ls, and add a "GUTTERLI 'E" value for every gutterline (ie. zone brea ks. and 
Then using the Unique Va lues ~I any Fi elds. se lect the L TYP and YMBOL fi e lds. 'ow yo u can maintain the int egrit y o f your spatial database. but symbolize you 

Gen_Struct is actually tied to two other spatial databases: _ \Vtr .Ln. and Trnsport Ln. mce you do not want to see the water line (in the case of a culven ) or tl 
a bridge). then these lines need to be hidden. An easy way to do thi s is to create a sy mbo l field . At the end points of the ~en strucl. brea k eit her the wtr In or tm spon 
object using the symbol r, e id . Fo r exa mple. a bridge as "BRIDGE". a culvert as "CULVERT", etc. Then under the Tmsport Ln and S II tr L layer properties. us 
exc lude any feature that has somethmg in the YMBOL fie ld. ow you can symbolize the Gen _Struct using the Mat h ymbols in a tyle option. 

Label Ld is dependarH on how you decide to populate your shape file or feature class. 
S Perm_Bmk use one sy mbo l for a ll fea tures. 
S_PLSS Ln i straight forward: use lat ch ymbo ls in a Style for the LN TYP field. 

POL_Ln i straight forwa rd: use ~ lat ch ymbols in a tyle for the LN TYP fi eld . 
S Tmsport Ln is strai ght forward: use \latch ymbols in a tyle for the T RAN TYP fi e ld. You should also review the Gen truct sectton above. 

\Vtr _Ln fs straight forward : use Match ymbo ls in a Style for the \VATER TYP fie ld . You shou ld also review the S Gen truct secuon above. 
S _XS uses ont.> symbo l for all fea tures. 
~o t e: You can add any of your completed files to the template before generating your panels. These are stored in the templat e, and hence will be in your rnxd fil es wh 
l3 a quick ofwa have havinJ! them in your mxd fil e. Once an mxd file. any chang.es to the temp late are not applied to that mxd file. 
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• Editing the support files: 

• 

• 

The FL0-2D DFlRM tools has attempted to make it easy to edit the support files to customize the user's 
working environment. For example: Creating Shapefiles, Attribute Table Checks, Creating Tables, and 
Attribute Editing all refrence two files for their proecesses . If there are files that the user needs to generate 
(such as the coastal DFIRM files) that are not already available in the display, these can be added to the 
dfim1.xml file and the user then has access to them. They should also be added to the project xml file as well. 

• Locate the dfirm .xml file in the installation folder for the DFIRM Tools. Example: C: \Program 
FilP~\FT 0 -?n\nFTRM\~llnnmtFilP~\rHirm xml 



• 

• 

• 
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• Right-click on the dfirm.xml file and select open with WordPad or NotePad. 

~?xml version= "l.O" ?> 
<DFIRH> 

<table name="S BFE" type="3"> 
<field> 

<aliasname>BFE LN ID</ aliasname> 
<type>':! </ type> 
<length exists="T">11</ length> 
<precision exists="F"></ precision> 
<scale exists="F"></ scale> 
< lookup exists="F"></ lookup> 
<required>R< / required> 
<pk>T</pk> 

</ field> 
<field> 

<aliasname >ELEV</ aliasname> 
<type>3</type> 
<length exists="F"></ length> 
<precision exists="T" >13</ precisian> 
<scale exists="T">2</ scale> 
< lookup exists="F"></ laokup> 
<required>R</ required> 

</ field> 
<field> 

<a liasname>LEN UNIT</ aliasname> 
<type>':! </ type> 
<length exists="T" >2 0 </ length> 
<precision exists="F"></ precision> 
<scale exists="F"></ scale> 
< lookup exists="T" >D_Length_Units </ lookup> 
<required>R</ required> 

</ field> 
<:field> 

<aliasname>V DATUH</ aliasname> 
<type>':! </ type> 
<length exists="T">6</ length> 
<precision exists="F"></ precision> 
<scale exists="F"></ scale> 
< lookup exists="T" >D_V_Datum</ lookup> 
<required>R</required> 

</ field> 
<field> 

<aliasname>SOURCE_CIT</ aliasname> 
<type>':! </ type> 
< length exists="T"> 11</ length> 
<precision exists="F"></ precision> 
<sca le exists="F"></ scale> 
< lookup exists="F"></ l aakup> 
<required>R</ required> 

</:field> 
• </ table> 

• The above image is selected from the installed dfinn.xml file and is for the S_BFE table. Each table ha 
a stmi <table> and an end </table>. The start has two atttibutes "name" and "type... ame obviously is 
the name of the table, and type is what type of shapefile it refers to (point, polyline, or polygon). You 
can see that the type in this example is actually a number. Polyline= 3, Polygon = 4, and Point = I . 

• The next "sub" element is the "field" elem ent, and each ta ble will have at least one field element. These 
fields cotTe pond to the final DFIRM database structure provided ing FEMA's appendix L. 

• Each field has at lea t 7 subelements : aliasname, type, length, precision, scale, lookup, required , and 
sometimes ok. 



• 

• 

• 

' 
• "aliasname" is the name of the field. "type" is the type of field . The most common ones wil l be double. 

string (text), or date. Again you see in the example it is a number: Double = 3, String = 4, Date= 5 
• Depending on what type of field you are creating, the next three options wi ll have different settings . A 

double type u es both precision and scale, o the exists attribute is set to "T", and the length exists is set 
to "F" . Precision is the width of the field , and scale is how many decimal places. For a string type 
length is set to "T" and precision and sca le are et to "F". The same fo r Date. 

• Certain fields have domain tables associated with them. The lookup element is et to "T" and then the 
name of the lookup is entered. The domains are stored in the Supportf iles fo lder in a file cal led 
domain.xml. Here is an example: 

• 

~ ?xml v ersion="l. O" ? > 
<domain> 

<table name="D Area Units"> 
<value>ACRES </value> 
<va l ue >HECTARES </ value> 
<value>SQUARE FEET</value> 
<va l ue >SQUARE HETERS</value> 
<va lue>SQUARE YARDS</ value> 

</table> 
<table name="D_Chan Rep" > 

<value>SINGLE</va lue> 
<value>DOUBLE</value> 

</ table> 
<table name="D_Floodway" > 

<value >FL OODWAY</ value> 
<value>COLORADO RIVER</value> 
<value>FL OODWAY CONTAINE D IN CHANNEL</value > 
<val ue >FLOWAGE EASE!1ENT BOUNDARY</val ue > 
<value>STATE ENCROACHHENT</value > 
<value>AREA OF SPECIAL CONSIDERATION</ value> 
<va lue ></ value> 

</table> 
<table neune="D_Label_Typ" > 

<value >DOQ-TRANSPORTATION</value> 
<value>DOQ-WATER</ value> 
<value>S TRNSPORT LN</value > 
<value>S WTR AR</value> 
<va l ue >S WTR LN</va l ue> 

</table> 
<table name="D_Length_Units"> 

<va lue >CENTIHETERS</va l ue > 
<va lue>FEET</value > 
<value> INCHE S</value> 
<val ue >KILm1ETERS </val ue > 
<va l ue >l1ETERS</va l ue> 
<value>MILES</value> 
<value>KILOHETERS</value> 

</table> 

• As you can ee it is simi lar to the dfirm.xml fi le. The table element with the table name is there. Then 
each va lue that is in the domain fo llows the table element. The table name is what goes between the 
lookup opening and closing brackets: < lookupex ists="T">D_ V _Datum</lookup> 

• The only entries that should be used for required are "R" and "A" which is in Appendix L. 
• pk is added for primary key fields. 
• Save your changes. EITors will occur if you have made incoJTect edits . The easiest wi ll be to copy 

exisiting settings and change them for your requirements . 



• Troubleshooting 

• 

• 

We appologize for any problems that might arise during the use of the DFIRM tools. If you have any 
problems, questions or conm1ents, we will try to as ist you. Please contact us at 
dfirmsupport@acewater.com. There are no expressed or implied wan anties associated with thi s tool. 
The tools will be refined and enl1anced with applications to unique and complex flood mapping. 

The most conm1on problem to arise will be with the install of the toolbars. The way the toolbars work, 
is the register with Global .NET Assemblies, and this is registered with ArcMap. That is a very short 
explanation fo r something more complex. Normally thi is taken care of by the insta ll er and 
uninstaller. Depending on how you insta lled your version of ArcGIS 9.2 you might not have the 
correct settings. 

• Check to make sure you have the latest service pack fo r ArcGIS 9.2. At the time of relea e this 
was service pack 3. Certain of the . ET assemblies were updated in the latest service pack, and 
the program is written fo r this service pack. 

• If the ervice pack is fully up-to-date, you can manually register the tool bar. First identi fy where 
the regasm.exe fi le lives in the . ET 2.0 fo lder. The default installation is here: 
C:\WINDOWS\Microsoft.NET\Framework\v2.0.50727. ext go to the start menu and select 
Run. In the command prompt enter the full path to the regasm including the regasm. exe file 
fo llowed by a space. Add the default FL0-2D DFIRM tools path followed by 
DFIRM_Toolbar.dll space /tlb space /codebase. It will look something like tllis: 
C: \WINDOWS\Microsoft.NET\Framework\v2.0.50727\regasm.exe C:\Program Files\FL0-
2D\DFlRM\DFIRM_Toolbar.dll /tlb /codebase then click ok. To manually unregister the dll 
during uninstall: C:\WINDOWS\Microsoft. ET\Framework\v2.0. 50727\regasm.exe C:\Program 
Files\FL0-2D\DFIRM\DFIRM Toolbar.dll /u 

• If that did not work, uninstall the FL0-2D DFIRM tools (you do not need to uninsta ll the actual 
FL0-2D program) . Obtain a copy of your ArcGIS installation CD and rerun the insta llation. 
You do not need to full y reinstall , but you do need to add the . ET assembl ies. Once thi s is 
complete, rerun the service pack, and then install the FL0-2D DFIRM tools. 

This article from Microsoft shows how to fo rce the removal of the older package using the Window 
Install er CleanUp Utility. 
http :/ /support .microsoft.com/kb/29030 1 


