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Foreword

The Hydrologic Engineering Center’'s Flood Damage Reduction Analysis
(HEC-FDA) program provides state-of-the-art analysis for formulating and
evaluating flood damage reduction plans using risk-based analysis
methods. It is one of HEC's "Next Generation" (NexGen) of hydrologic
engineering and water resources planning software. The NexGen project
encompasses: rainfall-runoff analysis (HEC-HMS), river hydraulics (HEC-
RAS), reservoir system analysis (HEC-ResSim), flood damage analysis
(HEC-FDA), and real-time river forecasting for reservoir operations. The
NexGen software has a windows style user interface and operates on
Windows XP and Windows NT.

The HEC-FDA program replaces HEC's previous PC version Flood
Damage Analysis package containing programs SID, SIDEDT, FDA2PO
and EAD (April 1994). The new HEC-FDA program contains enhanced
versions of all their features plus risk-based analysis procedure for
formulating and evaluating flood damage reduction measures.
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CHAPTER 1

Introduction

The HEC-FDA
program provides
the capability to
perform an
integrated
hydrologic
engineering and
economic analysis
during the
formulation and
evaluation of
flood damage
reduction plans.
The functional
elements of a

study involving
coordinated study
layout and
configuration,
hydrologic
engineering
analyses,
economic
analyses, and
plan formulation
and evaluation
are followed.

1.1

Welcome to the Hydrologic Engineering Center’s Flood Damage
Reduction Analysis (HEC-FDA) computer program. This program allows
you to perform plan formulation and evaluation for flood risk management
studies. It includes risk analysis methods that follow Federal and Corps of
Engineers policy regulations (ER 1105-2-100 and

ER 1105-2-101).

Both economic flood damage and hydrologic engineering analyses are
performed using a consistent study configuration (streams, damage
reaches, plans, and analysis years). Three types of evaluations are
available: analysis of damage, project performance by analysis years; and
equivalent annual damage. Many output tables and plots are used for
reporting results. Computations and display of results are consistent with
technical procedures described in EM 1110-2-1619.

This chapter discusses the purpose of FDA, gives a brief overview of the
program requirements, capabilities, and the content of this user's manual.

Contents
e Purpose of HEC-FDA

e Program Capabilities
e Overview of User's Manual

Purpose

The FDA program provides the capability to perform an integrated
hydrologic engineering and economic analysis during the formulation and
evaluation of flood risk management plans. The program follows
functional elements of a study involving coordinated study layout and
configuration, hydrologic engineering analyses, economic analyses, and
plan formulation and evaluation. You use it continuously throughout the
planning process as the study evolves from the base year without-project
condition analysis through the analyses of alternative plans over their
project life. Hydrologic engineering and economics (flood inundation
damage analyses) are performed separately, in a coordinated manner after

1-1
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1.2

specifying the study configuration and layout, and merged for the
formulation and evaluation of the potential flood damage reduction plans.

Program Capabilities

FDA is an integrated system of software that is designed for interactive
use. The program consists of a graphical user interface (GUI), hydrologic
engineering and economics components, database and management
capabilities, graphics and reporting facilities.

1.2.1 Computation Procedures

The Corps of Engineers requires the use of risk analysis procedures for
formulating and evaluating flood damage reduction measures (EM 110-2-
1619, ER 1105-2-101). These documents describe how to quantify
uncertainty in discharge-exceedance probability, stage-discharge, and
damage-stage functions and incorporate it into economic and engineering
performance analyses of alternatives. The process applies Monte Carlo
simulation, a numerical-analysis procedure that computes the expected
value of damage while explicitly accounting for the uncertainty in the
basic parameters used to determine flood inundation damage. HEC has
developed the FDA computer program to assist in analyzing flood risk
management plans using these procedures. Refer to Appendices E and F
for descriptions of the analysis process used by FDA. (EM 110-2-1619
provides more detailed descriptions of the analysis procedures used by
FDA.)

FDA performs all the computations that were available in the old FDA
batch program plus risk analysis and other enhancements. Inventories of
floodplain structures are used to calculate damage-stage-uncertainty
information at damage reach index locations. Expected and/or equivalent
annual damage are computed in the evaluation portion of the program.

1.2.2 Database

FDA uses a relational database to store data and output for reports and the
database is the central part of FDA. The xBase format was chosen for the
program because it is: 1) an adopted industry standard; 2) compatible with
the file structure found in commercial software; and, 3) functional in the
multiple platform environments. The database operations require use of
internal identifiers to relate the program's data sets. This presents special
design considerations to avoid potential database corruption from affects
of multiple users.
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1.2.3 User Interface

The interface is designed to make the program easy and efficient to use.
The interface provides the following functions:

File management

Data entry and editing

Data selection and assignments

Hydrologic and economic analyses

Tabular and graphical displays of input and output data
Reporting facilities

On-line help

1.2.4 Data Entry

You can enter data in a variety of ways using FDA. The most common is
using text fields on the program's dialog boxes. This is also called the
"form" method. Certain dialog boxes have an alternative data entry called
"tables." The same data entered on the form can instead be entered into a
spreadsheet-like table. Some dialog boxes have import capabilities. For
example, water surface profiles may be imported from the HEC River
Analysis System package (HEC-RAS, USACE 2002) or Water Surface
Profiles program (HEC-2, USACE 1991). The structure inventory can be
imported from the Structure Inventory for Damage Analysis program
(HEC-SID, USACE 1989) or from ASCII delimited text files.

1.2.5 Analysis Results

A number of analysis results are available for review of computations and
evaluation of results. Project performance, damage by analysis years, and
equivalent annual damage are included in the results. Output includes
tables and selected graphics of information by plan, analysis year, stream,
and damage reach for the entire plan. Plan comparisons may also be
performed.

1.3 User's Manual Layout

This user's manual is the primary documentation on how to use the FDA
program. The manual is organized as follows:
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Chapter 1 provides an introduction to FDA.

Chapters 2 provides an overview and describes the general layout of
the FDA program. Also, provides an overview of the analysis steps
in FDA and how to define a study.

Chapter 3 describes the Study Configuration portion of FDA.
This includes defining the streams, damage reaches, plans, and
analysis years for a study in FDA.

Chapters 4 through 7 describe the Hydrologic Engineering
(HydEng) portion of FDA. Chapter 4 provides an overview of
HydEng and describes defining water surface profiles for a study.
Chapter 5 provides information on defining exceedance probability
functions. Chapter 6 describes defining stage-discharge functions.
Chapter 7 provides information on defining levees in FDA.
Chapters 8 through 12 describe the Economics portion of FDA.
Chapter 8 provides an overview of Economics and describes
defining damage categories. Chapter 9 provides information on
defining structure occupancy types. Chapter 10 describes defining
structure modules. Chapter 11 provides information on the
structure inventory for a study. Chapter 12 provides information on
stage-damage functions.

Chapter 13 provides information on the computation process that is
available from the FDA.

Chapter 14 describes the available reports in FDA that are a result
of the evaluation of plans by analysis years computations.

Chapter 15 describes further details on the other available FDA
reports.

Chapter 16 provides troubleshooting information for FDA.

Several appendices are included for assistance. Appendices A and
B provide references and a glossary, respectively. Appendix C
describes procedures for importing water surface profiles.
Appendix D describes the levee wave overtopping analysis
procedures. Appendix E provides details on how to import data
into an FDA study. Appendix F provides an overview of the
economic flood damage procedures. Appendix G provides an
overview of ASCII tab delimited files that are available from the
economic flood damage procedures. Appendix H describes the
Monte Carlo Simulation methodology used for computing expected
and equivalent annual damage.
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CHAPTER 2

Working with HEC-FDA — An Overview

A study is a set of
data files
associated with a
planning
evaluation.

HEC-FDA is an interdisciplinary program used to formulate and evaluate
flood damage reduction plans. You interact with FDA through a graphical
user interface (GUI). The program performs economic (flood inundation
damage analysis) and hydrologic engineering performance computations
for plan evaluations.

In FDA terminology, a study is a set of data files associated with a
planning evaluation. The study includes all streams and damage reaches
to be analyzed as part of the study area. You can perform any or all of the
analyses available in the FDA program as part of the study. Only one
study is open at a time. The files associated with the study contain
information on plans, analysis years, streams, damage reaches, damage
categories, structures, etc. The files are stored together in one
subdirectory as xXBASE formatted database files. The directory is named
when a new study is created. The directory is a subdirectory of the FDA
directory (c:\Program Files\hec\fda).

During the course of a study, you may formulate and evaluate several
different plans. The first plan is always the without-project condition.
Additional plans may contain levees, reservoirs, channels, non-structural
measures, and other measures or combinations thereof. You can easily
formulate new plans once the basic data are entered. The results can be
compared after the analyses of various plans are performed.

This chapter provides an overview of how a study is performed within
FDA.

Contents

Starting HEC-FDA

General Layout

Analysis Steps

Additional Program Concepts
Exiting the Program

2-1
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2.1  Starting HEC-FDA

When starting FDA, double-click the HEC-FDA icon on your desktop, or
from the taskbar click Start, point to Programs, point to HEC, and then

click FDA. The main window of FDA will appear (Figure 2.1). You are
now ready to start using FDA.

.ﬁ: Flood Damage Analysis o ﬁl

File Configure HydEng Economics “iew Ewaluation Help

— Current Study

File Marne:
Title:

Dezcription:

Figure 2.1 HEC-FDA Main Window

2.2 General Layout

The FDA main window is organized to allow you to enter data, review
data, edit data, compute, and view results. The Menu Bar contains the
following menus:

File This menu is used for file management and contains the
following commands: New Study, Open Study, Delete
Study, Normalized Export, Merge, Study Info, and
Exit.

Configure  This menu is used to enter information about the study
configuration and contains the following commands:
Study Streams, Study Damage Reaches, Study
Analysis Years, and, Study Plan Definition,

HydEng This menu is where you enter data needed for hydrologic
and hydraulic analyses. Available commands are: Study
Water Surface Profiles, Exceedance-Probability
Function with Uncertainty, Stage-Discharge
Functions with Uncertainty, and, Levee Features.

Economics This menu is used to enter the information needed for
economic analyses. Available commands are: Study
Damage Categories, Study Structure Occupancy
Types, Structure Modules, Structure Module
Assignments, Structure Inventory
Data,Enter/Edit/View Reach Stage-Damage Function
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2.3

with Uncertainty, Compute Reach Stage-Damage,
Import, and Export.

View This menu provides results of the input that you have

entered. Available commands are: List of Streams,
List of Damage Reaches, List of Plans, List of
Damage Categories, List of Structure Modules, and,
List of Structures Occupancy Types.

Evaluation You compute and evaluate economic and engineering

performance under this menu item. The computations
are performed by plans and analysis year or by plan
equivalent annual damage. Hydrologic engineering
project performance by plans is also computed. Output
reports and selected plots are available for viewing
results and comparing plans. Available commands are:
Study Status Report, Evaluation of Plans by Analysis
Year, Equivalent Annual Damage Analysis, and
Results.

Help This menu item allows you to get on-line help, as well as

display the current version information about FDA.

Analysis Steps

These steps are used in formulating and evaluating plans with FDA:

Define a study (File menu) for both with- and without-project
conditions. This is a team effort.

Enter study configuration data (Configure menu). This is a team
effort.

Enter hydrology and hydraulics data (HydEng menu). Performed
by the hydrologic and hydraulics team members, normally
concurrent with the economic analyses.

Enter economics data and/or compute aggregated stage-damage
functions (Economics menu). Performed by the economics team
members, normally concurrent with the hydrology and hydraulics
analyses.

Perform the expected annual damage/equivalent annual damage
calculations (Evaluation menu). Normally performed and
reviewed by the study team.
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2.3.1 Define a Study

You define a new study or open an existing
study from the File menu. Once a study is
opened, the filename, title, and description of
the study will always appear on the main
window. Figure 2.2 shows the available
command from the File menu.

Hew Study...
Open Study...

Delete Study. .

Mormalized Export. ..

New Study

LElane...
To create a new study, on Merge r
the File menu, click New Shudy Info...

Study, the Create New
Study dialog box will E it

open (Figure 2.3). The Figure 2.2 File Menu
Create New Study dialog

box has a default study filename extension (*.sty),
directories and drive (c:\Program Files\hec\fda). You

Save in: I ) FD& j ] £ B2~

| iBearCreck:

| JBearTrng

| Chester

| SilverCreek
BearCreek, sty
BearTrng.sky

Chester, sty
SilverCreek, sky

File name: |

Save I
j Cancel |

Figure 2.3 Create New Study Dialog Box

Save a3 tvpe: |Studies

can store the study anywhere on the hard disk.
However, it is recommend the study be a subdirectory
of the program directory. The study filename extension
can not be changed. Once the filename is entered, a
new subdirectory is created with that name. All
database files are then created.

After the study information is entered, click Save, the
Study Information dialog box will open (see Figure
2.4, page 2-5). From the Study Information dialog
box, you provide information about the study including:
a title; a description; notes about the study; and price
index information. The information is used on various
dialog boxes and reports throughout the program. You
choose the numeric monetary units to be used for all
study data entry and output reports.
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x|
Title: IBear Creek - Plan Formulation
Dezcription: IS. Fork Bear Creek Flood Damage Feduction 5 tudy
Hates: Study uzed data from version 1.2 distribution with ;I
updates.
I

Monetary Units: $1.000% j

System Units: € 51 (¢ English
Frice: [nfarmation
Surveyed Year: |2DE|5
Updated Year: |2DE|5 Updated Price Index: I'I.EIEI
QK I Cancel | Help |

Figure 2.4 Study Information Dialog Box

The Monetary Units list (Figure 2.4) allows you three
choices ($, $1,000's, $1,000,000's) for monetary units.
For example, $1,000's (the default) indicates all values
will be in $1000's. These are used as labels only.

System Units (Figure 2.4) is a flag indicating that all
units for the study data entry and output reports will be
either SI (metric) or English. These are also used as
labels only. No conversions are made in the program.

Price information allows you to globally adjust the
price data from the year the damage survey data was
compiled to an updated year. In the Surveyed Year
box (Figure 2.4), enter the year associated with the
original structure inventory survey flood damage
values. It must be a numeric four digit value greater
than 1900. It is used as a label only.

In the Updated Year box (Figure 2.4) enter the price
year associated with the updated price index. It is also
a numeric four digit value. It must be greater than or
equal to the surveyed year (default is surveyed year).

In the Updated Price Index box (Figure 2.4) enter the
updated price index used to update all economic
(structure damage) values to present (or other) values.
It can be any numeric value between 0.00 and 100.00.
If blank, it is assumed to be the same index value as the
surveyed year with no adjustments made to the
economic data. This value can be overridden by
damage category, see Chapter 8 for further information.

2-5
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Open Study To open an existing study, on the File menu (see Figure
2.2, page 2-4), click Open Study, the Open Study
dialog box will open (Figure 2.5). A list of previously
defined studies will appear on the dialog box. You
double click on the study filename (filenames with the
extension "*.sty") to retrieve a study.

Lok jn: I_;' FDA j = |‘=_°F Ed-

| BearCresk: [ Chester sty
|)BearTrng SilverCreek, sty
|) Chester

| SilverCreek

BearCreek. sty

BearTrng. sty

File name: | Open I
Files of type: IStudies j Cancel |

Figure 2.5 Open Study Dialog Box

Delete Study To delete the open study, on the File menu (see Figure
2.2, page 2-4), click Delete Study. A warning message
will appear asking you if you really want to delete this
study, click Yes. All files stored in the study
subdirectory, and the study filename (".sty") above the
study subdirectory will be deleted.

2.3.2 Study Configuration

Study
Configuration is
where you
configure the
physical study
layout and define
plans for analysis
for the study.
This is a team
effort.

Configure is where you configure the physical study layout and define
plans for analysis for the study. The data defined are in common with all

analyses. You define the study

streams, damage reaches, plans, Lonfigure

analysis years as shown in Study Streams...

Figure 2.6. Study Damage Beaches...
When performing a study, it is Study Analysiz Years..
important that all study Study Flar Defirition...
members agree on the study

configuration. Hydrologic Figure 2.6 Configure Menu

engineers, economists, and study

managers must work together to develop the configuration. The study
configuration consists of those data items that are not likely to change
during a study. Chapter 3 contains a more detailed description of the
study configuration data.
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2.3.3 Hydrologic Engineering

Hydrologic Engineering (HydEng) is where you define the hydraulics

Er{glrr?(lazg:gg " and hydrology data needed to evaluate plans (Figure 2.7). You can
where you define specify sets of .

the hydraulics water surface :

and hydrology profiles by stream Study Water Surface Profiles...

gsg?ugigdpﬁgr:(s) for eaqh plan and Exceedance Probability Functions with Uncertainty. .
Performed by the analysis year to be Stage-Discharge Function with ncertainty. .
hydrologic and analyzed. Leves Features

hydraulics team Exceedance =

members, probability Figure 2.7 HydEng Menu

normally functions, stage-

concurrent with discharge functions, and levee features are also defined under HydEng.

the economic

analyses. Chapter 4 provides further discussion on the hydrologic and hydraulic

information required by FDA.

2.3.4 Economics

Economics (Figure 2.8) is where you define the economic data needed to
evaluate the defined plans. The data includes: damage categories;
structure occupancy types; structure inventory data, and stage-damage
functions. Damage categories and structure occupancy types are defined

Economics

Economics is Study Damage Cateqaries...

where you define

. Study Structure Dccupancy Tupes...
the economic data

needed to Chucture Modules. .

eva_luate the Shucture Module Azzsignment. .

defined plans.

Performed by the Structure [rventary Data...

economics team Hanstuetunal Dptians...

members, . . .
normally Enter/EditAfiew Reach Stage-Damage Function with Uncertainty. ..
concurrent with Compute Beach Stage-Damage Function with Uncertainty. .

the hydr_ology and mport )
hydraulics .

analyses. zpart

Figure 2.8 Economics Menu

for the entire study. You may enter the stage-damage functions with
uncertainty directly by plan, year, damage reach, and damage category or
you may compute the aggregated values based on the structure inventory
data, water surface profiles, and uncertainty specifications. Chapter 8
provides a more detailed description of the economic information required
by FDA.

2-7
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2.3.5 Evaluation

Evaluation (Figure 2.9) is oAl
where you compute results
Study Statuz Report...
for expected annual
damage, equivalent annual Ewaluation af Plans by Analysis Year. .
damage, and project Equivalent Annual Damage Snalysis. .
performance by plan and
analysis year using the risk Results .
analysis _approach. The Figure 2.9 Evaluation Menu
Evaluation of Plans by
Analysis Year dialog box (Figure 2.10) provides information on the
computations of expected annual damage by plan and analysis year.
Chapter 13 provides further information about the computational
procedures for FDA.
Evaluation is =10l x]
where you File Edit Help
Comput FI FI Analysi Date of -
CompUIe results Execute W?tl;:%uisi Na?nr; Desc?i;tion | ??aifls | Ex:citioon |_I
for expected ¥ & Without  Without project condition 2009 FriOct 21, 2005 11:40:49 AM Pacific Day
annual damage v v Without Without project condition 2030 Fri Oct 21, 2005 11:41:15 AM Pacific Day
. ! v v Plan 1 Detention + Channel lmp. 2009 Fri Oct 21, 2005 11:41:54 AM Pacific Day
equivalent annual v &  Flan1  Detention + Channel Imp. 2030 FriOct 21, 2005 11:42:21 AM Pacific Day
damage, and s ' Plan 2 Floodwall Qrily 2009 Fri Det 21, 2005 11:42:54 AM Pacific Day
roiect v V4 Plan 2 Floodweall Qrly 2030 Fri Dct 21, 2005 11:43:23 AM Pacific Day
p J v v Plan 3 Detention, Channel Imp.. and Floodwall 2009 FriOct 21, 2005 11:44:08 AM Pacific Day
performance by v «  Plan3  Detention, Channel Imp.. and Floodwall 2030 FiiOct 21, 2005 11:44:43 &M Pacific Day
plan and analysis <
year using the risk el _>l_I
analysis — ‘Without Project Baze Year Performance Target Criteria —
approach. Ewent Exceedance Probability: I.D1
Normal Iy Percent Residual Damage: I 5
performed and
reviewed by the | ez |
study team. Figure 2.10 Evaluation of Plans by Analysis Year Dialog Box

A series of output reports are available once the computations are
successfully completed. The Results submenu (Figure 2.11) provides
commands for viewing the computation results. They include expected

annual damage

(plans by analysis deetlie

years), equivalent Damage by Analvsis Year...

annual damage, Equivalent &nnual D amage Analysis...
and project Project Performance. ..
performance. You

may view the Figure 2.11 Results Submenu

results of computational information summaries by specifying analysis
reports by plans, years, streams, and damage reaches. Chapter 14 provides
further information on the results available from FDA.
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2.4  Program Concepts/Capabilities

2.4.1 Normalized Export

A procedure which converts data stored in the database memo fields to
database tables. This enables the data to be viewed and manipulated with
other commercial databases or spreadsheets. A subdirectory named
"export" is created under the study subdirectory.

2.4.2 Merge

The Merge option allows you to make copies of the database (base copy),
enter/edit data on the copies (incoming copy), and merge the results from
the incoming copy back to the base copy. It's designed for the various
hydrologic engineering and economics disciplines of the study team to
work in parallel on separate work stations and to then merge the data
together for analyses. It ensures that the resulting merged database does
not have any inconsistencies or redundant data. There are different rules
for the two types of merge - Hydrologic Engineering and Economics.

HINT: We strongly recommend that you backup your study prior to
performing the merge operation.

The first step in Merge is to make a copy of the study .sty file (i.e.,
BearTrng.sty) and the study subdirectory (i.e., BearTrng) which contains
the database files. The name that is given to the .Sty file must be the same
name given to the directory (i.e., XXX.Sty and xxx), and both must be in the
same parent directory. Copying the study files is performed outside the
HEC-FDA package using other utilities. The process is:

e Create a new directory (XxX), which will store the incoming copy.

e Copy the entire contents of the base copy (BearTrng) into the
directory "XxX".

e Copy the base copy's study file (BearTrng.sty) to Xxx.sty.

Copies may be made to CD-ROM or another medium for different study
disciplines to use. We recommend that the incoming copy (XxX) be copied
to the hard disk when using the study.

Changes to the configuration files (items under the Configure Menu) of
the incoming copy (xxX) are not allowed and will fail the merge. Only the
base copy (BearTrng) can have changes to the configuration files. These
changes may be additions only. If deletions are made to the base copy
(BearTrng), then the merge will fail.
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Changes to hydrology/hydraulics (HydEng) data can only be made to the
incoming copy (XxX). If changes are made to the base copy (BearTrng)
and a Hydrology Merge is done, the changes to the base copy (BearTrng)
will be lost.

The Economic Merge works only with structure information, i.e., the
structure occupancy type (depth-percent damage functions), structure
inventory, and direct depth-dollar damage functions. Additions can be
made to both the base (BearTrng) and the incoming (XxX) copies. If the
name of a data item is the same for the base (BearTrng) copy and the
incoming (XXX) copy, the latter is ignored. Editing should be done to the
base (BearTrng) copy. When an Economics Merge is done, the stage-
damage functions are cleared from the base (BearTrng) copy.

Damage categories are considered a configuration item for Merge and
changes should only be made to the base (BearTrng) copy.

2.4.3 Save, Add/Update, Cancel, and Close

You save new data/information to the database by pressing the Add or
Save Button. The Add Button converts to the Update Button when
returning to a dialog box where existing data are present. After editing
existing data, the Update Button is pressed to save the information to the
database. The Cancel Button cancels any changes made to the data and
returns the dialog box to its original state. You close a dialog box by
selecting Close under the File menu.

2.4.4 Navigator Button

The NaVigation Button, (Figure 212) is Hl 4 | 1 af 2 | b | Hl
available on several dialog boxes to allow
quick movement through a data entry

record list. Examples of data lists are streams, plans, and damage reaches.

Figure 2.12 Navigation Button

The << symbol places you at the top (first) record of the list, while the >>
symbol places you at the bottom (last record). The < (previous) symbol
and the > (next) symbol move you back one record and forward one
record in the list, respectively. The center of the navigation button
indicates the number of records in the list and which record you are
presently accessing. You create a new record (blank out data fields) by
pressing on the center of the button.
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2.4.5 Assignments

An assignment is
where a function
is defined for each
damage reach
index location for
each stream, plan,
and analysis year.
The capability to
define (assign)
functions and
information to
physical stream
locations
(streams, damage
reaches) and
specific plans
(plans, analysis
years) is an
integral part of
FDA.

Computations for expected and equivalent annual damage and project
performance are performed using the exceedance probability, stage-
discharge, and stage-damage functions. They must be defined for each
damage reach index location for each stream, plan, and analysis year. The
definition specification is referred to as an assignment in FDA. The
capability to define (assign) functions and information to physical stream
locations (streams, damage reaches) and specific plans (plans, analysis
years) is an integral part of the program design. Assignment items are
located at the top of some of the dialog boxes

For most data items or functions that require assignments, there is a report
available that list the assignments. An (*) indicates an assignment is made
but that some required data are missing. An (****) indicates that no
assignment has been made. A (+) means that the data are out-of-date, i.e.,
the data to generate a function or output report has been changed.

Often it is desirable to use the same function for several plans and or
analysis years. For example, the without-project condition base year stage-
discharge function for damage reach 1 may be used for Plans A and C for
both the base year and most likely future year with- and without-project
conditions. Table 2.1 lists the possible assignment items and associated
copy combinations permitted for multiple assignments. The program
filters the copies as shown in the table.

Table 2.1
Permitted Functions/Features Copying for Different Assignments

HEC-FDA Analysis Damage | Damage
Function/Feature Plan Year Stream Reach Category
Water Surface Profiles Yes Yes No N/A N/A
Discharge- or Stage- Yes Yes No Yes N/A
Probability
Stage-Discharge Yes Yes No Yes N/A
Stage-Damage Yes Yes No No No
Levee Yes Yes No No N/A

Unique functions are copied from one plan to another by the Use Existing
Function command. You may use (copy) the entire function assignments
of one plan to another by selecting the Global Assignment Copy
command. For example, you may wish to use the same exceedance
probability functions, or ratings, or stage-damage for different plans that
have several damage reaches. You may use the Global Assignment Copy
command to perform the assignment operations.
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2.4.6 Non-Modality

A powerful capability of using a graphical user interface is the ability to
view and interact with multiple dialog boxes at a time. Version 1.2.4 of
FDA is primarily non-modal; meaning many of the dialog boxes can be
opened simultaneously. However, FDA dialog boxes under the Study
Configuration men (streams, damage reaches, plans, and analysis years),
Damage Categories and Structure Occupancy Types under the
Economics menu are modal-only, i.e., only one dialog box may be active
or viewable at a time. This is due to the potential corruption of the
database if certain operations are performed for these dialog boxes when
multiple dialog boxes are open.

2.4.7 Study Backup

You should keep a current backup of the study subdirectory containing the
study data. The .sty file under the main directory should also be included.
If for some reason your database becomes corrupted, you should delete the
subdirectory and copy your backup to a new subdirectory of the same or
different name.

2.4.8 Help Menu

Help (Figure 2.13) is where you can find
information that will help you in using m Contents
FDA and creating a study. The Search For Help On..
Contents, Search for Help On..., Using aging Help
Help items are standard help options for —
FDA. Also, About HEC-FDA (Figure About HEC-FDA...
2.14) provides information on version, Figure 2.13 Help Menu
office location, and view a license
agreement.
X
e 21 v 500

Far mare infarmation contact:

Hydrologic Engineenng Center
ED3 Second Steet

Davis, C& 95616

[530) 7561104

Copyright 1935 Wisis Software Inc.. 4l Rightz Beserved
[Galaxy Run Time Components Only)

Yiew Licenze .ﬁ.greementl

Figure 2.14 About FDA Dialog Box




HEC-FDA User's Manual Chapter 2 — Working with HEC-FDA — An Overview

2.4.9 On-line Help

On-line or context sensitive help is available throughout the program. By
using the Fl1 key, on several of the FDA dialog boxes you can retrieve
specific help on the dialog box or on a data entry item. By clicking on a
particular data item of a dialog box, then clicking F1, you will be provided
with on-line help for that item.

2.4.10 Printing

You may choose to print lists of data entry information reports,
assignments reports, and output reports, and plots. The program uses the
operating system printers and printer setup. Although many dialog boxes
contain the printer setup menu item, you should modify printer settings
from the print menu item. The program does not remember the settings
selected from the printer setup dialog boxes.

2.4.11 Warning Messages

Warning messages are invoked throughout the program to assist with
data entry and program operations. A log of warning messages associated
with program execution is available and recommended for review.

2.5 Exiting Program

You exit the program from the File menu. The study data is then stored in
a subdirectory under the study file name.

2-13
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CHAPTER 3

Study Configuration

3.1 General

Study
Configuration
contains the data
describing the
physical layout
for the study area
and plan
definition for
analysis. Data
includes streams,
damage reaches,
plans and
analysis years.

Study Configuration (Config) contains the data describing the physical
layout for the study area and plan definition for analysis. Data includes
streams, damage reaches, plans and analysis years. Prior to using
HEC-FDA, team members must define the physical layout of the study:
i.e., study streams and damage reach locations. Next, plans and analysis
years for the study area are defined. A study coordinated stream
stationing convention is required and must be used by all disciplines.

Note: Hydrologic engineers, economists, and study managers must work
together to develop the configuration and concur on the information used
prior to analysis.

Study configuration consists of data items seldom changed during a study.
Data changes at a later time, may affect other hydrologic engineering or
economic data previously entered. For example, discharge-exceedance
probability, stage-discharge and damage-stage functions are required at
each damage reach index location for each plan and analysis year to
perform the Monte Carlo computations. Adding and deleting study
configuration data directly affects the functions previously entered or
those that need entering.

To define the study configuration, all study team members should meet
and agree on the required information. Decisions are made on the system
of units and monetary units (defined in Study Information dialog box,
see Chapter 2, page 2-5). Then using maps and other available
information, team members should decide on the streams, initial damage
reach delineations, stream station conventions, index locations, analysis
years, plans, and naming conventions.

The dialog boxes you will use to input data for the study configuration
have a common Menu Bar. The Menu Bar contains the following
common menus, for a description of the Help menu see Chapter 2
(Section 2.4.8, page 2-12):

File  This menu is used for file management and contains the
following commands:

3-1
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Add/Update: you either update (edit) an existing study
configuration data item (stream, damage reach, plan)
information or add a new study configuration data item to
the study.

Close: close the open dialog box; if changes have not been
saved a warning message will appear.

Edit This menu is used for editing study configuration data items,
traversing the records in a study configuration data item list,
creating study configuration data items, and deleting study
configuration data items. The commands available are:

Cut/Copy/Paste: the standard cut/copy/paste commands

First Record: places you on the first record of the study
configuration data item list

Last Record: places you on the last record of the study
configuration data item list

Next Record: places you on the next record of the study
configuration data item list

Previous Record: places you on the previous record of the
study configuration data item list

New Record: creates a new study configuration data item
record

Delete Record: deletes the selected study configuration
data item from the list

View This menu is used to review what study configuration data
items have been created for the study; there is only one
command - List of Study Configuration Data Items.

Contents

Streams

Damage Reaches
Plans

Analysis Years

3.2 Streams

Streams include various water bodies such as rivers, streams, creeks,
Streams are .
defined for the ditches, canals, bayous, lakes, ponds, etc. Streams are defined for the
study and are study and are therefore common for all plans and analyses. A study may
therefore common || include one or more streams. A stream station convention must be
for all plans and adopted for the study. It is used to define damage reach boundaries,
analyses. damage reach index locations, water surface profiles, cross-sectional
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locations, and structure locations. Figure 3.1 depicts a stream network for
a study area.

Little Creek

Damage
Reach 3

Damage
Reach 4

Damage Damage
Reach 2 Reach 1
Big
River Jones Creek

Figure 3.1 Stream and Damage Reach Concepts

3.2.1 Create Streams

To create streams:

1. From the FDA main window (see Chapter 2, Section 2.1, Figure
2.1, page 2-2), on the Configure menu, click Study Streams.
2. The Study Streams dialog box will open (Figure 3.2).

ﬁ; Bear Creek - Plan Formulation - Study Stream 10l x|
File Edit iew Help
Stream Mame: IS Fork. Bear j

Add
D escription: ISDuthForkEearEreek Cancel |
PRI

Figure 3.2 Study Streams Dialog Box

3. Enter a name (required) in the Stream Name list. The maximum
length is sixteen (16) characters.

4. Enter a description (optional but recommended) in the Description
box. The maximum length is sixty-four (64) characters.

5. Click Add, the stream is added, and you can enter additional
streams if you wish.
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6. When you are finished with entering your streams, on the File
menu, click Close, the Study Streams dialog box will close (see
Figure 3.2, page 3-3).

Additional ways to create streams are provided from the Study Streams
dialog box (see Figure 3.2, page 3-3):

e On the Edit menu, click New Record, you can now enter a new
stream from the Study Streams dialog box (see Figure 3.2, page
3-3).

_Or_

e From the Navigator Button (see Chapter 2, Section 2.4.4, page
2-10), click the center of the button; you can now enter a new
stream from the Study Streams dialog box (see Figure 3.2, page
3-3).

3.2.2 Edit Streams

Edit streams that have already been defined:

1. From the FDA main window (see Chapter 2, Section 2.1, Figure
2.1, page 2-2), on the Configure menu, click Study Streams.
2. The Study Streams dialog box will open (Figure 3.3).

‘& gear Creek - Plan Formulation - Study Strean = 0] =|
File Edit Wiew Help

Stream Mame: |5 Fark Bear j Update I
Description: ISDuth Fark Bear Creek| Cancel |

PRIREE

Figure 3.3 Study Streams Dialog Box - Update Button

3. From the Stream Name list select the stream you want to edit and
make the necessary updates.

4. Click Update , the changes are saved for the selected stream.

When you are finished with editing your streams, on the File menu,

click Close, the Study Streams dialog box will close (Figure 3.3).

e

3.2.3 Delete Streams

Delete streams that have already been defined:

1. From the FDA main window (see Chapter 2, Section 2.1, Figure
2.1, page 2-2), on the Configure menu, click Study Streams.
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The Study Streams dialog box will open (see Figure 3.3, page 3-4).
From the Stream Name list select the stream you want to delete.
On the Edit menu, click Delete Record. A warning message will
appear asking you if you really want to delete the stream. Click
Yes, the stream will no longer be available.

When you are finished with deleting streams, on the File menu,
click Close, the Study Streams dialog box will close (see Figure
3.3, page 3-4).

3.2.4 List of Streams

To review the streams that you have entered for your study, FDA provides
areport. To access the report do the following:

1.

2.
3.

4.

5.

From the FDA main window (see Chapter 2, Section 2.1, Figure
2.1, page 2-2), on the Configure menu, click Study Streams.

The Study Streams dialog box will open (see Figure 3.3, page 3-4).
On the View menu, click List of Streams, the List of Streams
dialog box will open (Figure 3.4).

ﬁ; List of Streams Y [m]

File “iew Help

Bear Creek - Plan Formulation
Lizt of Streams

I ame | Dezcription il
S Fork Bear South Fork, Bear Creek

4 il

Figure 3.4 List of Streams Dialog Box

This report can be printed, on the File menu, click Print.
When you are finished reviewing this report, on the File menu,
click Close, the List of Streams dialog box will close (Figure 3.4).

3.2.5 Data Entry Variables for Streams

Stream Name: Name of the stream, which is used in subsequent data
entry pick lists, reports, and plots. A new stream name can be added to the
database. An existing stream name can be selected, updated, or deleted.
The maximum length is sixteen (16) characters.
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3.3

Damage reaches
are specific
geographical
areas within a
floodplain. They
are used to define
consistent data
for plan
evaluations and to
aggregate
structure and
other potential
flood inundation
damage
information by
stage of flooding.

Stream Description: Alphanumeric description of the defined stream.
The maximum length is sixty-four (64) characters.

Damage Reaches

Damage reaches are specific geographical areas within a floodplain. They
are used to define consistent data for plan evaluations and to aggregate
structure and other potential flood inundation damage information by
stage of flooding. A damage reach is delineated by the beginning and
ending stations (river mile, kilometer, etc.) along the stream and extends
into the floodplain to include the largest flood deemed reasonably
possible. Damage reaches are unique to a stream. They are integral to
both the hydrologic engineering and economic analyses. A damage reach
can be specified for the right or left bank (as looking downstream) or both
banks. Delineation of the damage reach must be consistent with flood
damage reduction measures. For example, a channel may be analyzed
with a damage reach covering both banks, but a levee is analyzed for a
damage reach only along one bank (refer to EM 1110-2-1619 for further
information on damage reaches).

When delineating damage reaches, consider consistent discharge- or stage-
exceedance probability functions throughout the damage reach, location of
flood damage reduction measures, and jurisdiction boundaries for
reporting purposes. Normally, damage reach delineations evolve through
the analysis of the without-project (base year) condition and become fixed
thereafter when the location and magnitude of damage is known and types
of flood damage reduction measures to be studied are defined. The same
damage reaches are used throughout for all the analyses of without- and
with-project conditions. Figure 3.1 (page 3-3) shows the delineation of
damage reaches.

The index location station for a damage reach is specified for several
reasons:

1) To facilitate retrieving discharge and or stage probability ordinates
from the water surface profile.

2) To facilitate retrieving stage-discharge rating curves from the
water surface profiles.

3) To enable the aggregation of stage-damage functions from
individual structures to the index location. The index location
station may be located at any stream station in the damage reach.

3.3.1 Defining Damage Reaches

Damage reaches should be defined for the following:
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1) To represent consistent probability and stage-discharge functions
along a stream.

2) To provide sufficient detail in the results, and

3) To facilitate the analysis of levees.

Although there is no limit to the number of damage reaches, the required
calculation time for expected annual damage is directly proportional to the
number of damage reaches so it behooves you to define the minimal
number that is sufficient. A damage reach containing a levee cannot
contain structures that are unprotected by the levee. This may require you
to define more damage reaches that what you would otherwise define.

The damage reach to which a structure belongs may be defined using one
of two methodologies:

1) Let FDA calculate the damage reach using the structure’s stream
name, station, and bank, or

2) Explicitly define the damage reach using the SID Reach Name
option, see Chapter 11, Section 11.5 (page 11-21) for further
details.

The first method works well if the damage reaches do not overlap from a
stream stationing standpoint, however, this is sometimes impossible. For
example, levee plans may describe several alignments with different
setbacks from the stream. You may wish to define two damage reaches on
one bank of the stream - one damage reach containing protected and one
damage reach containing unprotected structures. This example actually
contains two problems, one, is that the damage reaches overlap; and, the
geographic area changes with the plans as a function of the levee
alignment.

The use of Structure Modules (see Chapter 10) can address the problem
of the changing geographic area. The problem of mixed levee protection
can be addressed by either: the use of stream bank location; the use of SID
Reach Names, or, the addition of pseudo streams.

If the levee is proposed for only one side of the stream, the protected
structures are entered as if they are located on one bank whereas the
unprotected structures are entered as if located on the other bank. The
disadvantage of this method is that the structure’s bank location is defined
based upon levee protection rather than on physical location. If levees of
different heights are proposed for each side of the stream, this
methodology will not work. The use of pseudo streams requires the
duplication of hydraulic and hydrologic engineering data. The use of SID
Reach Names requires that you define the damage reach name for each
structure which can be tedious but allows the proper definition of stream
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bank, does not require the duplication of hydrologic engineering data, and
facilitates the overlap of two or more damage reaches. The stream stations
and water surface profiles (or alternatively, the SID Reference Flood
Elevation option) are still used to aggregate damage to the index location.

3.3.2 Create Damage Reaches

To create damages reaches, at least one stream has to have been created:

1.

From the FDA main window (see Chapter 2, Section 2.1, Figure
2.1, page 2-2), on the Configure menu, click Study Damage
Reaches.

The Study Damage Reaches dialog box will open (Figure 3.5).

Sl=Eq
File Edt “iew Help

Strearm M ame: IS Fark Bear j

FRieach Name: ISF-S j Add

D escription: IEASHFDHD MAMOR LN TO BARDSTOWM RD SM. 90-9.98 Cancel |

Feach Boundaries [By Station)

B eginning [downstream]: 9.020

E nding [upstream]: I 9.960

Bark: " Left ¢~ Right {* Bath
Index Location: I 9.253
W« oo [»]m]

Figure 3.5 Study Damage Reaches Dialog Box

From the Stream Name list, select the stream where the damage
reach is located. Enter a damage reach name (required) in the
Reach Name list, the maximum length is sixteen (16) characters.
Enter a description (optional but recommended) in the Description
box. The maximum length is sixty-four (64) characters.

Enter a value (range of 0.00 to 999,999.99) for the beginning station
in the Beginning box. This is the downstream end of the damage
reach, and must be less than or equal to the ending station.

Enter a value (range of 0.00 to 999,999.99) for the ending station in
the Ending box. This is the upstream end of the damage reach, and
must be greater than or equal to the beginning station.

From Bank, select the stream bank (looking downstream) where the
damage reach is located. There are three choices: Left, Right,
Both, with both being the default selection.

Enter a value (range of 0.00 to 999,999.99) for the index location
station in the Index Location box. This value must be greater than
or equal to the beginning station, and must be less than or equal to
the ending station.

Click Add, the damage reach for that stream is added.
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10. When you are finished with entering your damage reaches, on the
File menu, click Close, the Study Damage Reaches dialog box
will close (see Figure 3.5, page 3-8).

Additional ways to create damage reaches are provided from the Study
Damage Reaches dialog box (see Figure 3.5, page 3-8):

e On the Edit menu, click New Record, you can now enter a new
damage reach from the Study Damage Reaches dialog box (see
Figure 3.5, page 3-8).

_Or-

e From the Navigator Button (see Chapter 2, Section 2.4.4, page
2-10), click the center of the button; you can now enter a new

damage reach from the Study Damage Reaches dialog box (see
Figure 3.5, page 3-8).

3.3.3 Edit Damage Reaches

Edit damage reaches that have already been defined:

1. From the FDA main window (see Chapter 2, Section 2.1, Figure
2.1, page 2-2), on the Configure menu, click Study Damage

Reaches.
2. The Study Damage Reaches dialog box will open (Figure 3.6).
~al x|
Fle Edt View Help
Stream Name: |5 Fork Bear ~]
Fieach Name: | SF-8 | Update |
Descriptiors | BASHFORD MANDF: LN T0 BARDS TOWN RD 5. 3.0-9.98 Cancel |
Rach Boundaries (By Station)
Begirning (downstearm}: 3.020
Endinglupstream} | 9360
Bark: € Left " Right = Both
Indes Losatior: [ 928
e ez |

Figure 3.6 Study Damage Reaches Dialog Box - Update Button

3. From the Stream Name list, select the stream where the damage
reach is located.

4. From the Reach Name list, select the damage reach that you want
to update.

5. Make changes to any of the data entry variables, when finished
click Update; the changes are saved for the selected damage reach.
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6. When you are finished with editing your damage reaches, on the
File menu, click Close, the Study Damage Reaches dialog box
will close (see Figure 3.6, page 3-9).

3.3.4 Delete Damage Reaches

Delete damage reaches that have already been defined:

1. From the FDA main window (see Chapter 2, Section 2.1, Figure
2.1, page 2-2), on the Configure menu, click Study Damage
Reaches.

2. The Study Damage Reaches dialog box will open (see Figure 3.6,
page 3-9).

3. From the Stream Name list select the stream where the damage
reach is located.

4. From the Reach Name list, select the damage reach you want to
delete.

5.  From the Edit menu, click Delete Record. A warning message will
appear asking you if you really want to delete the damage reach.
Click Yes, the damage reach will no longer be available.

5. When you are finished with deleting damage reaches, on the File
menu, click Close, the Study Damage Reaches dialog box will
close (see Figure 3.6, page 3-9).

3.3.5 List of Damage Reaches

To review the damage reaches that you have entered for your study, FDA
provides a report. To access the report do the following:

1. From the FDA main window (see Chapter 2, Section 2.1, Figure
2.1, page 2-2), on the Configure menu, click Study Damage
Reaches.

2. The Study Damage Reaches dialog box will open (see Figure 3.6,
page 3-9).

3. On the View menu, click List of Damage Reaches, the List of
Damage Reaches dialog box will open (Figure 3.7).

S =]

File  “iew Help

Bear Creek - Plan Formulation
List of &l Damage Reaches
[by Index Location Station]

Damage Index ;I
Stream Reach Beginning Ending Lacation
Mame Name Statian Station Bank Statian Description

S Fork Bear  SF-8 020 9560 Bath 9253 BASHFORD MANOR LN TO BEARDSTOWN RD SM. 9.09 56
S Fork Bear  5F-3 9.560 10,363 Both 10124 BARDSTOWM RD TO DOWNING WY S, 8.96-10.363

.y o

Figure 3.7 List of Damage Reaches Dialog Box

4. This report can be printed, on the File menu, click Print.
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5. When you are finished reviewing this report, on the File menu,
click Close, the List of Damage Reaches dialog box will close (see
Figure 3.7, page 3-10).

3.3.6 Data Entry Variables for Damage Reaches

Stream Name: Select a previously defined stream name where the
damage reach is located.

Damage Reach Name: Name of the damage reach, which is used in
subsequent data entry pick lists, reports, and plots. A new damage reach
name can be added to the database. An existing damage reach name can
be selected, updated, or deleted. The maximum length is sixteen (16)
characters.

Damage Reach Description: Alphanumeric description of the defined
damage reach. The maximum length is sixty-four (64) characters.

Beginning Station: Beginning station number for downstream end of
damage reach. The range of allowable values is from 0.00 to 999,999.99.
The value must be less than or equal to the ending station.

Ending Station: Ending station number for upstream end of damage
reach. The range of allowable values is from 0.00 to 999,999.99. The
value must be greater than or equal to the beginning station.

Bank: Stream bank (looking downstream) where the damage reach is
located. The delineation of the bank should consider potential local flood
damage reduction measures and jurisdictional boundaries. Some measures
are typically implemented on only one bank; these include levees and
walls, and various nonstructural actions. Channels and upstream storage
projects reduce flooding for both banks. There are three hardwired
choices (Left, Right, Both), with Both being the default.

Left Bank: Indicates that the damage reach is only along the left bank of
the stream. The left bank is defined looking downstream or with the
current of the stream.

Right Bank: Indicator that the damage reach is only along the right bank
of the stream. The right bank is defined looking downstream or with the
current of the stream.

Both Banks: Indicator that the damage reach is delineated spatially over
both banks of the stream. The stream cuts through the damage reach.
Normally used for ponding or storage area reaches.
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3.4 Plans

Aplan is a set
of one or more
flood damage
reduction
measures or
actions
designed to
operate over a
period of time
(project life).
The plan is
inclusive of the
entire study
area although
it may have a
flood damage
reduction
measure for a
single damage
reach.

Index Location Station: A stream station location within a damage reach
is used to specify discharge-probability, stage-discharge, and stage-
damage functions with uncertainty data for plan evaluations for that
damage reach. Also, the index location station (corresponding stream
station) is used for aggregation of stage-damage functions with uncertainty
by damage category. The index location station is defined between the
beginning and ending station values and where data is normally deemed
most reliable, such as a streamgage location. The range of allowable
values is from 0.00 to 999,999.99. The value must be greater than or
equal to the Beginning Station and less than or equal to the Ending
Station. The index location does not have to be at a water surface profile
cross section location.

A plan may represent the with- or without project conditions. The with-
project condition plan consists of one or more flood damage reduction
measures and actions. It includes all streams and damage reaches within
the specified study limits. A plan exists and is evaluated over an analysis
period (project life), normally fifty years. It starts with the base year of
implementation or operation. Static hydrologic engineering and economic
conditions associated with a specified future analysis year are included to
evaluate the equivalent economic and engineering performance of the plan
over its project life (Table 3.1). For further information, refer to

ER 1105-2-100, ER 1105-2-101, and EM 1110-2-1619.

Table 3.1
Study Plans and Analysis Years

Analysis Years

Most Likely

Plan Name Base Year Future Year
Without Project Conditions 2009 2030
Plan 1 Levees 2009 2030
Plan2 Channels 2009 2030
Plan 3 Nonstructural 2009 2030
Plan 4 Mixed Measures 2009 2030

In FDA, the without-project condition is a hardwired plan and is
automatically created when a new study is created. It is always listed first
and cannot be deleted. The without-project condition is the plan which all
subsequent plans are compared against.

3.4.1 Create Plans

To create plans:
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From the FDA main window (see Chapter 2, Section 2.1, Figure
2.1, page 2-2), on the Configure menu, click Study Plan
Definition.

The Study Plan Definition dialog box will open (Figure 3.8).

The Without plan has already been defined. There are two ways to
add another plan:

=10 x|

Fie Edit “iew Help

Plan Mame: lF'lan 1 j

Description: IDetentiun + Chaninel Imp]
Cancel

| 1=
=9
s

PIRTRREIRN

Figure 3.8 Study Plan Definition Dialog Box

e On the Edit menu, click New Record, you can now enter a
new plan from the Study Plan Definition dialog box
(Figure 3.8).

- Or -

e From the Navigator Button (see Chapter 2, Section 2.4.4,
page 2-10), click the center of the button; you can now
enter a new plan from the Study Plan Definition dialog
box (Figure 3.8).

Enter a name (required) in the Plan Name list. The maximum
length is sixteen (16) characters.

Enter a description (optional but recommended) in the Description
box. The maximum length is sixty-four (64) characters.

Click Add, the plan is added, and you can enter additional plans if
you wish.

When you are finished with entering your plans, on the File menu,
click Close, the Study Plan Definition dialog box will close
(Figure 3.8).

3.4.2 Edit Plans

Edit plans that have already been defined:

l.

From the FDA main window (see Chapter 2, Section 2.1, Figure
2.1, page 2-2), on the Configure menu, click Study Plan
Definition.

The Study Plan Definition dialog box will open (see Figure 3.9,
page 3-14).

From the Plan Name list, select the plan you want to edit and make
the necessary updates.

Click Update, the changes are saved for the selected plan.
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5.
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Figure 3.9 Study Plan Definition Dialog Box - Update Button

When you are finished with editing your plans, from the File menu,
click Close, the Study Plan Definition dialog box will close
(Figure 3.9).

3.4.3 Delete Plans

Delete plans that have already been defined:

1.

(O8]

9]

From the FDA main window (see Chapter 2, Section 2.1, Figure
2.1, page 2-2), on the Configure menu, click Study Plan
Definition.

The Study Plan Definition dialog box will open (Figure 3.9).
From the Plan Name list select the plan you want to delete.

On the Edit menu, click Delete Record. A warning message will
appear asking you if you really want to delete the plan. Click Yes,
the plan will no longer be available.

The Without plan cannot be deleted.

When you are finished with deleting plans, on the File menu, click
Close, the Study Plan Definition dialog box will close (Figure
3.9).

3.4.4 List of Plans

To review the plans that you have entered for your study, FDA provides a
report. To access the report do the following:

l.

From the FDA main window (see Chapter 2, Section 2.1, Figure
2.1, page 2-2), on the Configure menu, click Study Plan
Definition.

The Study Plan Definition dialog box will open (Figure 3.9).
On the View menu, click List of Plans, the List of Plans dialog
box will open (see Figure 3.10, page 3-15).

This report can be printed, on the File menu, click Print.
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Figure 3.10 List of Plans Dialog Box

5. When you are finished reviewing this report, on the File menu,
click Close, the List of Plans dialog box will close (Figure 3.10).

3.4.5 Data Entry Variables for Plans

3.5

An analysis year
represents a static
time period or
year that the
hydrologic
engineering and
economic data
must be developed
for analyses.

Base year is the
first year of the
plan operation.

Plan Name: Name of the plan, which is used in subsequent data entry
pick lists, reports, and plots. A new plan name can be added to the
database. An existing plan name can be selected, updated, or deleted. The
maximum length is sixteen (16) characters.

Plan Description: Alphanumeric description of the defined plan. The
maximum length is sixty-four (64) characters.

Analysis Years

Analysis years define damage and project performance information for
specific time periods during the project life, such as the base year or most
likely future year. The analysis year results are used to compute
equivalent annual damage computations for a plan. The same analysis
years are used for all study evaluations. An analysis year represents a
static time period or year that the hydrologic engineering and economic
data must be developed for analyses. Base year is the first year of the plan
operation. The most likely future year is normally a development
projection for a specific future year, say twenty years out from the base
year. The expected annual damage is assumed constant beyond the most
likely future condition (future analysis year). The analysis concepts are
depicted in Figure 3.11 (page 3-16). The expected annual damage for
each year in the analysis period is computed, discounted back to present
value at the beginning of the base year and annualized to get the
equivalent value over the analysis period (project life). For further
information see ER 1105-2-100, ER 1105-2-101, and EM 1110-2-1619.
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Figure 3.11 Analysis Years

3.5.1 Create Analysis Years

To create analysis:

1. From the FDA main window (see Chapter 2, Section 2.1, Figure
2.1, page 2-2), on the Configure menu, click Study Analysis
Years.

2. The Study Analysis Years dialog box will open (Figure 3.12).

3. Type a value for the first year a plan is implemented and
operational in the
Base Year box.

4. Type a value for

Baze Year |2DDS

Mozt Likely Future: |203EI

the most likely
future condition ok | Cancel | Hen
development

projection for a Figure 3.12 Study Analysis Years Dialog Box

specific future
year in the Most Likely Future box.

5. Click OK, the Study Analysis Years dialog box will close (Figure
3.12), and the analysis years have been added to the study.

3.5.2 Data Entry Variables for Analysis Years

Base Year: First year a plan is implemented and operational.

Most Likely Future: The most likely future condition development
projection for a specific future year. This variable is used to compute the
equivalent annual damage over the analysis period (project life).
Normally, the most likely future conditions are projected twenty to thirty
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years out from base year, and it must be greater than base year. FDA does
not require you to enter a most likely future year. If you wish to evaluate
only the base year, leave the most likely future year blank. You would
enter data for only the base year and would not calculate equivalent annual
damage.

3.6 References

ER 1105-2-100
Guidance for Conducting Civil Works Planning Studies

ER 1105-2-101
Risk-based Analysis for Evaluation of Hydrology/Hydraulics and
Economics in Flood Damage Reduction Studies

EM 1110-2-1619
Engineering and Design: Risk-based Analysis for Flood Damage
Reduction Studies
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CHAPTER 4

Hydrologic Engineering (HydEnQ)

4.1 General

Hydrologic
Engineering is
where hydrology,
hydraulics, and
levee data are
entered for
analysis.

Hydrologic Engineering (HydEng) is where hydrology, hydraulics, and
levee data are entered for analysis. The data includes: water surface
profiles, exceedance probability functions (see Chapter 5), stage-discharge
functions (see Chapter 6), and levee features (see Chapter 7). Although
optional, water surface profiles are recommended. The profiles are
required when computing aggregated stage-damage uncertainty functions
at damage reach index locations as specified under Economics (see
Chapter 8). The profiles must be consistent with discharge (stage)-
probability and stage-discharge (rating) functions required for each plan,
analysis year, stream, and damage reach.

The discharge-exceedance probability uncertainty functions can be
computed using either analytical or graphical procedures. Stage-
exceedance probability uncertainty functions can also be computed and
applied. The stage-discharge uncertainty function may be entered directly
or the uncertainty specified for a stage and scaled for the other ordinates.

The typical sequence that you would follow in the hydrologic engineering
section is:

1) Import the eight water surface profiles. These can be discharge-
probability profiles from HEC-RAS or HEC-2. Alternatively,
import stage-probability (or discharge-probability) profiles from
some other source using the import from text file capability in the
economics section. Also, you can directly enter all of the water
surface profile data directly in the GUI.

2) For each damage reach, either retrieve the graphical probability
functions (see Chapter 5, Section 5.3, page 5-6) from the water
surface profiles or enter the Log Pearson Type Il (see Chapter 5,
Section 5.2.2, page 5-4) moments. For discharge-probability
profiles, you can retrieve either eight points for a graphical curve
or three points for a synthetic analytical curve. For stage-
probability profiles, you can retrieve eight points for a graphical
curve. You must define the equivalent length of record. For
graphical probability functions, you can add additional points to
better define the function. By default, the lowest point on a
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graphical probability function is for an exceedance probability of
.50 and you will need to estimate a value for the .999 exceedance
probability. If a reach uses Log Pearson Type Il1, then you would
simply enter the moments of the distribution and would not
retrieve the probability function from the water surface profiles.
As an alternative to retrieving the graphical probability function
from the profiles, you can directly enter the function.

3) For each damage reach that has a discharge-probability function,
retrieve the stage-discharge function (see Chapter 6) from the
water surface profiles. If the reach has a stage-probability
function, then you do not enter a stage-discharge function. You
can add additional points to better define the curve. By default,
the highest point on the function represents stage for 0.002
exceedance probability. Since HEC-FDA does not extrapolate the
stage-discharge function, you should estimate a value or values
for discharges (with uncertainty) that correspond to very rare
probabilities. As an alternative to retrieving the stage-discharge
function from the water surface profiles, you can directly enter the
function. Finally, you would need to define the uncertainty about
the stage-discharge function.

4) Finally, for damage reaches that have a levee, you would enter the
top of levee stage (see Chapter 7) at the index location. You
optionally could enter additional data for geotechnical failure
analysis or for exterior-interior stage calculations.

The dialog boxes you will use to input data for the hydrology and
hydraulics data for a study have a common Menu Bar. The Menu Bar
contains the following common menus, for a description of the Help menu
see Chapter 2 (Section 2.4.8, page 2-12):

File  This menu is used for file management and contains the
following commands:

Save: changes are saved for the hydrologic engineering
data items (water surface profile sets, exceedance
probability functions, stage-discharge functions, levees).

Use an Existing Function: allows you to copy the selected
hydrologic engineering data item to a selected
assignment. That assignment differs for each individual
hydrologic engineering data item.

Close: close the open dialog box; if changes have not been
saved a warning message will appear.

Edit This menu is used for editing hydrologic engineering data
items, traversing the records in a hydrologic engineering data
item list, creating hydrologic engineering data items, and
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deleting hydrologic engineering data items. The commands
available are:

Cut/Copy/Paste: the standard cut/copy/paste commands

Insert Row: on the dialog boxes that contain tables, this
command allows you to insert a row above the selected
row. To insert a row, you must highlight the row where
you want to insert a row by clicking on the row number at
the far left of the table, on the Edit menu, click Insert
Row. The new row will be inserted above the selected
row.

Delete Row: on the dialog boxes that contain tables, this
command allows you to delete a row anywhere in the
table. To delete a row, you must highlight the entire row
by clicking on the row number at the far left of the table,
on the Edit menu, click Delete Row. The selected row
will be deleted from the table.

Delete Assignment: this command deletes the assignment
of a hydrologic engineering data item. If you only have
one hydrologic engineering data item, then by deleting
the assignment you are removing the hydrologic
engineering data item from the study.

Global Assignment Copy: this command allows you to
assign hydrologic engineering data items to multiple
plans and analysis years.

View This menu is used to review what hydrologic engineering data
items have been created for the study; what assignments have
been made, display graphically hydrologic engineering data
items, and display a report of the hydrologic engineering data
items. The commands available are:

Hydrologic Engineering Data Item Assignments:
this command displays a report that gives you
information on assignments that have been made for the
hydrologic engineering data items.

List of Hydrologic Engineering Data Item: this command
displays a report that will give you a list of hydrologic
engineering data items that have been defined for the
study.

Hydrologic Engineering Data Item Plot: this command
displays a graphical representation of a hydrologic
engineering data item.

Hydrologic Engineering Data Item Report: this command
displays a report of a hydrologic engineering data item.
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4.2

A water surface
profile is the
stream water
surface stage
along a stream
length associated
with discharge
values of a
hypothetical or
observed event.

The default set of
eight water
surface profiles
are for the .50-,
.20-, .10-, .04-,
.02-, .01-, .004-,
and .002-
exceedance
probability flood
events.

Water Surface Profiles

A water surface profile is the stream water surface stage along a stream
length associated with discharge values of a hypothetical or observed
event. In FDA, a water surface profile set must consist of eight flood
events. They may be discharge- or stage-based for each stream. Each
water surface profile set has stream stations, invert elevations, and
discharge and stage values. Stream stationing must be consistent with the
damage reach and structure location stationing. It is normally associated
with water surface profile cross-sectional stations. Ponding or storage
areas are defined using a stage-exceedance probability water surface
profile. Unsteady flow modeling profiles are also normally stage-
exceedance probability based. The water surface profile data sets may be
imported from HEC-RAS (USACE 2002) or HEC-2 (USACE 1991)
results (see Appendix C), copy (assign) a previously developed water
surface profile data set from one plan to another, or enter manually.

The default set of eight water surface profiles are for the .50-, .20-, .10-,
.04-,.02-, .01-, .004-, and .002-exceedance probability flood events. The
water surface profile stream station values must increase or be equal from
downstream to upstream. At the index location, the discharge and stage
for each profile must be greater than those from the previous profile.
Discharge values of the water surface profile analyses are median values.

FDA allows you to change the probability designations from the Study
Water Surface Profile dialog box (Figure 4.1). The probability values
are used for the graphical or synthetic discharge-exceedance probability
functions if retrieved from water surface profile data.

_:-:\-; Bear Creek - Plan Formulation - Study Water Surface Pr - |Elli|
File  Edit Wiew Help
Plan: IWithout j ST IS Fork Bear j
Analysiz Year |2DDS j
Prafile: ISF Bear w0 Basd UIze Ain Existing Profilel Save |
Description: ISF Bear Creek W/0 Project Base Year Motes... | Lanze| |
Dizcharge-Frobability | Stage-F‘robabilit_l.Jl
Irvert 0.5 0.z -
Statian Stage Olct) | Stage(i) Olcts) | Stagelft) Qe
1) 0.800 41650 2730 424 B3 4030 42658
| 2 0.820 416,10 2730 42481 4030 42670
3] 0.820 41610 2790 42487 4030 426,78
4] 0.860 416.00 2730 42493 4030 42E.8E
|5 0.920 415,70 2730 42535 4030 42736
| 0.930 41550 2790 42585 4030 42769
7 1.000 41540 2730 42559 4030 427 44
| 8 1.010 415,40 2730 42569 4030 42751
9] 1.030 41560 2730 42643 4030 428 ER
110) 1.130 417.00 2730 42716 4030 429.41 =

Figure 4.1 Study Water Surface Profiles Dialog Box
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Water surface profile sets may be used to develop without- and with-
project condition discharge-probability (synthetic and graphical) functions
(see Chapter 5) and stage-discharge functions (see Chapter 6) at an index
location station within a damage reach, this ensures consistency of the
data. Water surface profiles are also used to aggregate stage-damage
functions with uncertainty (see Chapter 12) for individual structures to the
damage reach index location station.

4.3 Importing Water Surface Profile Sets

You can import
water surface
profile sets from
HEC-2 or HEC-
RAS.

To import water surface profile sets from HEC-2 or HEC-RAS:

1. From the FDA main window (see Chapter 2, Section 2.1, Figure
2.1, page 2-2), on the HydEng menu, click Study Water Surface
Profiles.

2. The Study Water Surface Profiles dialog box will open (see
Figure 4.1, page 4-4).

3. For each plan, analysis year, and stream combination a water
surface profile set will be assigned, therefore, you need to a select
the appropriate plan from the Plan list, the appropriate analysis year
from the Analysis Year list, and the appropriate stream from the
Stream list (Figure 4.2).

Flar: IWithDut ;I Sl IS Fork Bear LI

Analysis Year: |2UUQ ;I

Figure 4.2 Assignment Items for a Water Surface Profile Set

4. On the File menu, click Import, the Import Water Surface
Profile dialog box will open (Figure 4.3).

21|
Look in: | £ FD&_1.3 ~] « @ ok B

| BearCreek
|__)BearTrng
|JChester

| Silver Creek
| SilverCreek
Sfbpilhz.smp

File name:  SFEWOHZ SMP Open |
Files of lype: IHEC2[*,smp] ﬂ Cancel |

Figure 4.3 Import Water Surface Profiles Dialog Box

5. By default, the import is expecting an HEC-RAS file (*.wsp). From
the Files of type list, you can choose an HEC-2 (SUMPO) file,
which has the extension *.smp.
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6. After you have chosen the appropriate extension, the files with that
extension will be displayed in the Import Water Surface Profile
dialog box (see Figure 4.3, page 4-5). Double- click on the file that
contains your water surface profile set.

7. The Import Water Surface Profiles dialog box (see Figure 4.3,
page 4-5) will close and the table on the Study Water Surface
Profiles dialog box (see Figure 4.1, page 4-4) will display your
water surface profile set for the selected plan, analysis year, and
stream.

8. Enter a name (required) in the Profile box (see Figure 4.1, page
4-4). The maximum length is sixteen (16) characters.

9. Enter a description (optional but recommended) in the Description
box (see Figure 4.1, page 4-4). The maximum length is sixty-four
(64) characters. Note: If you import a water surface profile set
from HEC-RAS, there is a default description.

10. You can enter detailed notes about the water surface profile set.
Click Notes, the Notes dialog will open (Figure 4.4). If the water
surface profile set was imported the Notes dialog box will contain
the filename from where the water surface profile set was imported.
When you are finished entering the notes, click OK, the Notes
dialog box will close.

A-:-: Bear Creek - Plan Formulation - Notes x|
CAFDANWerT WSiwoh. emp ;I
gl

(1]4 | Cancel I

Figure 4.4 Notes Dialog Box

11. From the Study Water Surface Profiles dialog box (see Figure
4.1, page 4-4), click Save, the water surface profile set is added, and
assigned to the selected plan, analysis year, and stream.

12.  When you are finished with creating water surface profile sets, from
the File menu, click Close, the Study Water Surface Profiles
dialog box will close (see Figure 4.1, page 4-4).

Appendix C provides information on how to generate the data files you
will need from HEC-2 or HEC-RAS for importing into FDA. There is an
additional way to import water surface profiles from ASCII text files. For
further details on the ASCII import, see Chapter 8, Section 8.3.2 (page
8-7).
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4.4 Edit a Water Surface Profile Set

To edit a water surface profile set:

1.

From the FDA main window (see Chapter 2, Section 2.1, Figure
2.1, page 2-2), on the HydEng menu, click Study Water Surface
Profiles.

The Study Water Surface Profiles dialog box will open (see
Figure 4.1, page 4-4).

Select the appropriate plan, analysis year, and stream (see Figure
4.2, page 4-5).

Make changes to any of the data entry variables, add rows (on Edit
menu, click Insert Row), and delete rows (on the Edit menu, click
Delete Row). When finished click Save, the changes are saved for
the selected water surface profile set.

When you are finished with editing your water surface profile sets,
on the File menu, click Close, the Study Water Surface Profiles
dialog box will close (see Figure 4.1, page 4-4).

By default, FDA provides you with a set of eight probabilities (0.5, 0.2,
0.1, 0.04, 0.02, 0.01, 0.004, 0.002). You can change these probability
values:

1.

On the Edit menu, click Edit Probability Values, the Edit
Probability Values dialog box will open (Figure 4.5).

=10l x|

Probability W alues

05
nz
01
0.04
0.0z
0.0
0.004
n.ao0z

0o = o e | e e | —

ak. | Cancel | Help |

Figure 4.5 Edit Probability Values Dialog Box

From the Probability VValues column, change the probability
values. When you are finished, click OK, the Edit Probability
Values dialog box will close (Figure 4.5). The table on the Study
Water Surface Profiles dialog box (see Figure 4.1, page 4-4) will
reflect the changes you have made.
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4.5

4.6

Delete a Water Surface Profile Set

Since water surface profile sets are assigned to a plan, analysis year, and
stream, you are deleting the assignment of that particular water surface
profile set to a plan, analysis year, and stream. Any water surface profile
set that is assigned to only one plan, analysis year, stream, and then
deleted, will be removed from the study. To delete a water surface profile

set:

1.

From the FDA main window (see Chapter 2, Section 2.1, Figure
2.1, page 2-2), on the HydEng menu, click Study Water Surface
Profiles.

The Study Water Surface Profiles dialog box will open (see
Figure 4.1, page 4-4).

Select the appropriate plan, analysis year, and stream (see Figure
4.2, page 4-5); this will give you the water surface profile set you
wish to delete.

On the Edit menu, click Delete Assignment, a warning message
will appear asking you if you really wish to delete this water surface
profile set assignment. Click Yes, the water surface profile set is no
longer assigned to the selected plan, analysis year, and stream.
When you are finished, on the File menu, click Close, the Study
Water Surface Profiles dialog box will close (see Figure 4.1, page
4-4).

List of Water Surface Profile Sets

To review the water surface profiles sets you have entered for your study,
FDA provides a report. To access the report do the following:

1.

S

From the FDA main window (see Chapter 2, Section 2.1, Figure
2.1, page 2-2), on the HydEng menu, click Study Water Surface
Profiles.

The Study Water Surface Profiles dialog box will open (see
Figure 4.1, page 4-4).

On the View menu, click List of Water Surface Profiles, the List
of Water Surface Profiles dialog box will open (see Figure 4.6,
page 4-9).

This report can be printed, on the File menu, click Print.

When you are finished reviewing this report, on the File menu,
click Close, the List Water Surface Profiles dialog box will close
(see Figure 4.6, page 4-9).
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4.7

_ﬁ: List of Water Surface Profiles -0 |
File ‘iew Help

Bear Creek - Plan Formulation

List of Wwiater Surface Profiles

Mumnber ﬂ
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Figure 4.6 List of Water Surface Profiles Dialog Box

Water Surface Profile Plot

To view a water surface profile set graphically:

1.

5.

From the FDA main window (see Chapter 2, Section 2.1, Figure
2.1, page 2-2), on the HydEng menu, click Study Water Surface

Profiles.

The Study Water Surface Profiles dialog box will open (see

Figure 4.1, page 4-4).

Select the appropriate plan, analysis year, and stream (see Figure
4.2, page 4-5); this will give you the water surface profile set you

wish to view graphically.

On the View menu, click Water Surface Profile Stream Plot, the
Water Surface Profiles Plot dialog box will open (Figure 4.7).
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File Help

Bear Cieek - Plan Formulation
‘wiater Surface Profile Plat for SF Bear W0 Base

Plan Mame: Withaut
Analysis Year: 2003
Stream Mame: 5 Fork Bear

540

g =[5

520

Stage [ft.)

iy T o
..... Siiges Tao i
M0 -_:':ﬁf e ]
420 e
400 |
1] 1 2 3 4 & B 8 g o M 12 13 14
Station
Irevert Stage ------- OEEw=m: oo 0.2 Event
01 Ewent  weeeeees 004 Event  ===-- 0.02 Event
""""" 0.07 Event 0.004 Event 0.002 Event

Figure 4.7 Water Surface Profiles Plot Dialog Box

When you are finished reviewing the plot, from the File menu, click

Close, the Water Surface Profiles Plot dialog box will close

(Figure 4.7).
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4.8  Water Surface Profile Report

To view a water surface profile set in a report:

1.

oo

From the FDA main window (see Chapter 2, Section 2.1, Figure
2.1, page 2-2), on the HydEng menu, click Study Water Surface
Profiles.

The Study Water Surface Profiles dialog box will open (see
Figure 4.1, page 4-4).

Select the appropriate plan, analysis year, and stream (see Figure
4.2, page 4-5); this will give you the water surface profile set you
wish to view in a report.

On the View menu, click Water Surface Profile Stream Report,
the Water Surface Profiles Report dialog box will open (Figure
4.8).

_ﬁ: WatersurfaceProfile Repork =1o=|
File  Help
Bear Creek - Plan Formulation
‘water Surface Profile Report for SF Bear W0 Baze
Plan Mame: Without
Analyzis Year: 2009
Stream Mame: 5 Fork Bear
Invert | 0s | 0.2 | 01«
Station Stage | Oicfs) [ Stagefft) | Ofefsl [ Stagefit] | @) [ S |
0.800 41650 27490 424 68 4030 426,58 5530
0.820 416.10 2790 424 81 4030 426,70 5530
0.820 416,10 27490 42487 4030 426,78 5530
0.860 416.00 27490 42493 4030 426,86 5530
0.920 415,70 2730 42535 4030 42736 5530
0.930 415.50 2790 425.86 4030 427.89 5530
1.000 415.40 2790 42559 4030 427 44 5530
1.00 415.40 27490 42569 4030 42751 5530
1.030 415.50 2790 426.43 4030 428,65 5530
1.130 417.00 27490 42716 4030 429.41 5530
1.190 411770 27490 42770 4030 429,86 5530
1.210 418.00 2730 42764 4030 42965 5530
1.220 418.00 2790 427.90 4030 42992 5530 =
-t iroen s e s e cenn ;I_I

Figure 4.8 Water Surface Profiles Report Dialog Box

To print this report, on the File menu, click Print.

When you are finished reviewing the report, on the File menu, click
Close, the Water Surface Profiles Report dialog box will close
(Figure 4.8).

4.9  Assigning an Existing Water Surface Profile Set to a
Different Plan, Analysis Year, Stream Combination

You can assign a water surface profile set to another plan, analysis year,
and stream combination. There are two ways to accomplish this
assignment. The first way is to assign a water surface profile set
individually:
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From the FDA main window (see Chapter 2, Section 2.1, Figure
2.1, page 2-2), on the HydEng menu, click Study Water Surface
Profiles.

The Study Water Surface Profiles dialog box will open (see
Figure 4.1, page 4-4).

Select a plan, analysis year, and stream (see Figure 4.2, page 4-5)
that does not have an assigned water surface profile set.

Either click Use an Existing Profile, or on the File menu, click Use
an Existing Profile, either way, the Copy Water Surface Profiles
dialog box will open (Figure 4.9).

P
Mame | Dezcription ﬂ
SF Bear Plan1 SF Bear Creek Plan1 Base
SF BearW0( Baze SF Bear Creek /0 Project Baze Year
< | ;IJ
ok I Cancel |

Figure 4.9 Copy Water Surface Profiles Dialog Box

Based on the stream selected, FDA uses an automated filtering
system that will only provide a list of water surface profiles sets that
are available for the selected stream. From the table select the
water surface profile set that you want to assign to the selected plan,
analysis year, and stream. Click OK, the Copy Water Surface
Profiles dialog box will close.

From the Study Water Surface Profiles dialog box (see Figure
4.1, page 4-4), click Save, this will save the assignment of the water
surface profile set to the selected plan, analysis year, and stream.
You do not need to change the name of the water surface profile set
unless you make some other kind of change that is specific to that
plan, analysis year, and stream.

The other way is to assign the water surface profile set to multiple plans
and analysis years:

1.

From the FDA main window (see Chapter 2, Section 2.1, Figure
2.1, page 2-2), on the HydEng menu, click Study Water Surface
Profiles.

The Study Water Surface Profiles dialog box will open (see
Figure 4.1, page 4-4).

On the Edit menu, click Global Assignment Copy, the Global
Assignment Copy dialog box will open (see Figure 4.10, page
4-12).

The From box is where you select the plan and analysis year that
includes the water surface profile set you want to assign. The To
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=10] x|

Copy 'water Surface Profile Azsignments

From: To:
Plar: II'H"'~"'ith'I'Ut j Plar: IF'Ian 2 j

Analyziz rear: |2':”:IEI j Analysiz Tear: | j

Shrean: IS Fork Bear j

Cloze | Help |

Figure 4.10 Global Assignment Copy Dialog Box

box is the plan and analysis year that you are going to assign the
water surface profile set to. In the example (Figure 4.10), the water
surface profile set for the Without plan and 2009 analysis year, will
be assigned to Plan 2 and both analysis years (2009 and 2030).
There is also an All options which allows you to make assignments
to all plans and all analysis years.

Once you have made your selections click Copy (Figure 4.10), a
warning message will appear asking you if this is really what you
want to do, click Yes, and the warning message closes. Click
Close, the Global Assignment Copy dialog box will close (Figure
4.10). The assignments are automatically saved.

To verify that the water surface profile set assignments have been
made, you need to review the Water Surface Profile Assignments
report (see Section 4.10).

4.10 List of Water Surface Profile Set Assignments

To check to see if your assignments have been done and are correct, you
need to review the assignment report:

1.

oo

From the FDA main window (see Chapter 2, Section 2.1, Figure
2.1, page 2-2), on the HydEng menu, click Study Water Surface
Profiles.

The Study Water Surface Profiles dialog box will open (see
Figure 4.1, page 4-4).

On the View menu, click Water Surface Profile Assignments the
Water Surface Profiles Assignments dialog box will open (see
Figure 4.11, page 4-13).

To print this report, on the File menu, click Print.

When you are finished reviewing the report, from the File menu,
click Close, the Water Surface Profile Assignments dialog box
will close (see Figure 4.11, page 4-13).
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-1al x|
File  Yiew  Help
Bear Creek - Plan Formulation
Water Surface Profile Assignments
Flan Stream Water Surface Wiater Surface ;I
Mame Year Mame Frafile M ame Frafile Description
withiout 2009 S Fork Bear SF Bear'w0 Baze SF Bear Creek /0 Project Base vear
2030 S Fork Bear SF Bear'w/0 Basze SF Bear Creek ' /0 Project Base Year
Plan 1 2009 5 Fork Bear *SF Bear Plani SF Bear Creek Plan Base
2030 5 Fork Bear *SF Bear Planl SF Bear Creek Plan Base
Plan 2 2009 S Fork Bear SF Bear'w/0 Basze SF Bear Creek ' /0 Project Base Year
2030 5 Fork Bear SF Bear'w0 Base 5F Bear Creek W /0 Project Base Year
Plan 3 2003 5 Fork Bear *SF Bear Planl SF Bear Creek Plan Base
2030 5 Fork Bear *SF Bear Planl SF Bear Creek Plan Base
Kl _>l_I
- Stage or discharge does not increase by profile at one or more cross sections.
“““““ - A water surface profile has not been assigned for this plan/year/stream combination.

Figure 4.11 Water Surface Profiles Assignments Dialog Box

4.11 Entering a Water Surface Profile Set Manually

To enter a water surface profile set manually:

1.

10.

From the FDA main window (see Chapter 2, Section 2.1, Figure
2.1, page 2-2), on the HydEng menu, click Study Water Surface
Profiles.

The Study Water Surface Profiles dialog box will open (see
Figure 4.1, page 4-4).

For each plan, analysis year, and stream combination a water
surface profile set will be assigned, therefore, you need to a select
the appropriate plan from the Plan list, the appropriate analysis year
from the Analysis Year list, and the appropriate stream from the
Stream list (see Figure 4.2, page 4-5).

Enter a name (required) in the Profile box (see Figure 4.1, page
4-4). The maximum length is sixteen (16) characters.

Enter a description (optional but recommended) in the Description
box (see Figure 4.1, page 4-4). The maximum length is sixty-four
(64) characters.

Depending on the type of water surface profile set click the
Discharge-Probability tab (default) or the Stage- Probability tab.
Enter the stream stationing in the Station column, these values must
increase or be equal from downstream to upstream.

The invert stage is the stage associated with zero discharge or the
bottom of the channel and is entered in the Invert Stage column.
For each probability with will enter a discharge (Q) value and a
stage (Stage) value for all eight probabilities.

You can enter detailed notes about the water surface profile set.
Click Notes (see Figure 4.1, page 4-4), the Notes dialog will open
(see Figure 4.4, page 4-6). When you are finished entering the
notes, click OK, the Notes dialog box will close.
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11. Click Save (see Figure 4.1, page 4-4), the water surface profile set
is added, and assigned to the selected plan, analysis year, and
stream.

12. When you are finished with creating water surface profile sets, on
the File menu, click Close, the Study Water Surface Profiles
dialog box will close (see Figure 4.1, page 4-4).

4.12 Data Entry Variables for Water Surface Profiles

Plan Name: Defined in the configuration module of FDA.

Analysis Year: Defined in the configuration module of FDA and
represents a static time period or year that the hydrologic engineering and
economic data must be developed for analyses.

Stream Name: Defined in the configuration module of FDA.

Water Surface Profile Name: Required name for the defined water
surface profile set, which is used in the hydrologic engineering and
economic analyses. This name will appear on certain reports and plots. A
new water surface profile set can be added, copied, updated, or deleted.
The maximum length of the name is sixteen (16) characters.

Water Surface Profile Description: Optional short description of the
defined water surface profile set will appear on certain reports and plots.
The maximum length of the name is sixty-four (64) characters.

Water Surface Profile Type: There are two types of water surface
profiles. Discharge-Probability is where the profiles are based on
discharge values. The discharge and the associated stage values are
required for each station and exceedance probability flood event. Stage-
probability is where the water surface profiles are based on stage values
only. The stage values are required for each station and exceedance
probability flood event.

Station: Study adopted stations along the stream normally denoted as
miles (kilometers) above the mouth of the stream. Must be consistent
between damage reach boundaries, damage reach index location, water
surface profiles, and structure location. The range of allowable values is
from -999,999.99 to 999,999.99.

Invert Stage: Stage associated with zero discharge or the bottom of a
channel. The range of allowable values is from -300.00 to 30,000.00.
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Discharge (Q): The volume of water passing a specific point for a given
time interval. For example, 2,000 cubic feet per second or 1,000 cubic
meters per second. The range of allowable values is from 0 to 9,999,999.

Stage: The vertical distance is feet (meters) above or below a local or
national datum (N.G.V.D. for elevations). The range of allowable values
is from -300.00 to 30,000.00.

4.13 References

USACE 1991
USACE (1991). "HEC 2. Water Surface Profiles, User's Manual."
CPD-2A. HEC, Davis, CA.

USACE 1997
USACE 1997. "HEC-RAS River Analysis System, User’s Manual," HEC,
Davis, CA.
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CHAPTER 5

Exceedance Probability Functions

5.1 General

An exceedance
probability
function is the
relationship
between flood
magnitude and
the probability of
exceeding that
magnitude; also
known as a
frequency curve.

Economics and performance analyses require an exceedance probability
function to be defined (assigned) for each plan, analysis year, stream, and
damage reach. In order to perform a flood damage analysis that considers
flood events of all sizes, a relationship between flood magnitude and the
probability of exceeding that magnitude is needed. This relationship is the
exceedance probability function, also known as a frequency curve. Flood
event magnitude might be defined in terms of discharge (flow) or stage.
Exceedance probability functions are edited from the Exceedance
Probability Functions with Uncertainty dialog box (Figure 5.1). The
same functions may be used for several reaches, plans, and analysis years
but not different streams. You may retrieve a synthetic or graphical

_ﬁ:Bear Creek - Plan Formulation - Exceedance Probability Funck - IEllil
File Edt “iew Help
Plan: IWithout j Sheant IS Fork. Bear j
Analyziz Year I2009 j Damage Reach: ISF'8 j
Functior: | SF-8'0 Base V| Use én Esisting Function gave |
D escriptior: IHeach SF-2 Bm 9.253 /0 Project Baze Year Cancel |
— Twpe
| analtical.. | Function Statistics... |
f+  Graphical... | Plot.. |
Confidence Limit Curves ;l
Exceedance Dizcharge Dizcharge [cfs)
Probahility [cfs] 25D | 415D | +1 5D | +2 5D

09330 300.00 T2 42 83377 971.49 1.048.65

0.9300 1.019.28 88642 950.53 1.0932.00 1.172.05

0.9500 1.138.97 1.03218 1.084.26 1.196.44 1.256.81

0.9000 1.208.42 111607 1.161.33 1.257.42 1,308.41

0.a000 1.298.21 1.214.75 1.255.78 1.342.07 1.387.41

07000 1,367.07 1.285.76 1.325.73 1.403.63 1.453.52

0.5000 1.489.00 1.339.67 141236 1.569.79 1.654.97 _ILI
ﬂ pr—— R il

Figure 5.1 Exceedance Probability Functions with Uncertainty Dialog Box

exceedance probability function from the water surface profile, enter the
data manually, or copy an existing exceedance probability function. You
may also copy the exceedance probabilities from one plan to another plan.
An exceedance probability (or frequency) function can be either analytical
(discharge-probability) or graphical (discharge- or stage-probability).
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5.2

An analytical
exceedance
probability
function is where
a discharge-
exceedance
probability
function can be
fitted by a Log
Pearson Type IlI
distribution..

Analytical-Exceedance Probability Method

If the discharge-exceedance probability function can be fitted by a Log
Pearson Type 11 distribution, FDA considers this to be an analytical
exceedance probability function. Analytical methods often apply for
unregulated discharge-probability functions derived from stream gaged
data or modeling. There are two methods of defining analytical discharge-
probability functions. The default method is to enter the discharges for the
.50, .10, and .01 exceedance probability events to compute synthetic
statistics. The other method is to enter the Log Pearson Type |11 statistics
which are the mean, standard deviation, skew, and equivalent record
length. For analytical methods, the median discharge-exceedance
probability functions are used.

For further information refer to ER 1110-2-1450, EM 1110-2-1415, EM
1110-2-1619. Another additional source is a document from the
Interagency Advisory Committee on Water Data, "Guidance for
Determining Flood Flow Frequency, Bulletin 17B," U.S. Department of
Interior, U.S. Geological Survey, Office of Water Data Coordination,
Reston, VA.

5.2.1 Compute Synthetic Statistics

Compute
synthetic statistics
creates an
analytical
exceedance
probability
function based on
.50, .10, and .01
exceedance
probability
discharge values
(which can be
retrieved from the
associated water
surface profiles)
and equivalent
record length.

This uses Bulletin 17B procedures for computing the function and
uncertainty by defining the function based on the .50, .10, and .01
exceedance probability discharge values and equivalent record length.
You can create an analytical exceedance probability function by retrieving
the .50, .10, and .01 exceedance probability values from the assigned
water surface profile set for the selected plan, analysis year, stream, and
damage reach, or you can enter the values manually. To retrieve from the
assigned water surface profile set:

1. From the FDA main window (see Chapter 2, Section 2.1, Figure
2.1, page 2-2), on the HydEng menu, click Exceedance
Probability Functions with Uncertainty.

2. The Exceedance Probability Functions with Uncertainty dialog
box will open (see Figure 5.1, page 5-1).

3. For each plan, analysis year, stream, and damage reach combination
an exceedance probability function will be assigned, therefore, you
need to a select the appropriate plan from the Plan list, the
appropriate analysis year from the Analysis Year list, the
appropriate stream from the Stream list, and the appropriate
damage reach from the Damage Reach list (see Figure 5.2, page
5-3).
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10.

11.

Plan: IWithout

j Stream:

j Damage Feach: ISF'8

IS Fuork Bear

[
[

Analyziz Year: |2DDS

Figure 5.2 Assignment Items for Exceedance Probability Functions

On the Edit menu, click Synthetic from WSP, the Discharge-
Probability Function - Type Analytical dialog box will open
(Figure 5.3).
The discharge values  tame:
for the thl’ee (501 Diescriptior; U365 Gage at Dutton Mil Rd
.10, .01) exceedance
probabilities have

been retrieved from

I [=[b

Diutton Mill Gage

— Discharge-Probability Function Statistics

" Enter Log Pearson Il Statistics I~ Transfarn Flaw (Feq v, Urred)..

' Compute Synthetic Statistics

3 — Compute Synthetic Statistics

the ass'gned Water Exceeda_rjc:e Dizcharge
surface profile set. P e o |
You must enter an o0 T
equivalent record Tabuate. |
length in the

. Computed Statistics...
Equivalent Record _ . Conpud e, |

Equivalent Record Length [M]: |65

Length (N) box.
Click Save, the
Discharge-
Probability
Function - Type
Analytical dialog box (Figure 5.3) will close and FDA will
compute the analytical exceedance probability function with
uncertainty, which will display in the table on the Exceedance
Probability Functions with Uncertainty dialog box (see Figure
5.1, page 5-1).

Enter a name (required) in the Function box (see Figure 5.1, page
5-1). The maximum length is sixteen (16) characters.

Enter a description (optional but recommended) in the Description
box (see Figure 5.1, page 5-1). The maximum length is sixty-four
(64) characters.

Click Save, the exceedance probability function is added, and
assigned to the selected plan, analysis year, stream, and damage
reach.

When you are finished with creating exceedance probability
functions, on the File menu, click Close, the Exceedance
Probability Functions with Uncertainty dialog box will close (see
Figure 5.1, page 5-1).

Save | LCancel |

Figure 5.3 Discharge-Probability Function -
Type Analytical — Compute
Synthetic Statistics Dialog Box

To enter an analytical exceedance probability function using synthetic
statistics manually:

1.

From the FDA main window (see Chapter 2, Section 2.1, Figure
2.1, page 2-2), on the HydEng menu, click Exceedance
Probability Functions with Uncertainty.
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10.

11.

12.

1.

The Exceedance Probability Functions with Uncertainty dialog
box will open (see Figure 5.1, page 5-1).

For each plan, analysis year, stream, and damage reach combination
an exceedance probability function will be assigned, therefore, you
need to a select the appropriate plan from the Plan list, the
appropriate analysis year from the Analysis Year list, the
appropriate stream from the Stream list, and the appropriate
damage reach from the Damage Reach list (see Figure 5.2, page
5-3).

Click Analytical, the Discharge-Probability Function - Type
Analytical dialog box will open (see Figure 5.3, page 5-3).

Click Compute Synthetic Statistics (see Figure 5.3, page 5-3); this
option should be selected by default.

You will need to enter the discharge values for the three (.50, .10,
.01) exceedance probabilities.

You must enter an equivalent record length in the Equivalent
Record Length (N) box (see Figure 5.3, page 5-3).

Click Save, the Discharge-Probability Function - Type
Analytical dialog box (see Figure 5.3, page 5-3) will close and
FDA will compute the analytical exceedance probability function
with uncertainty, which will display in the table on the Exceedance
Probability Functions with Uncertainty dialog box (see Figure
5.1, page 5-1).

Enter a name (required) in the Function box (see Figure 5.1, page
5-1). The maximum length is sixteen (16) characters.

Enter a description (optional but recommended) in the Description
box (see Figure 5.1, page 5-1). The maximum length is sixty-four
(64) characters.

Click Save, the exceedance probability function is added, and
assigned to the selected plan, analysis year, stream, and damage
reach.

When you are finished with creating exceedance probability
functions, on the File menu, click Close, the Exceedance
Probability Functions with Uncertainty dialog box will close (see
Figure 5.1, page 5-1).

5.2.2 Log Pearson Type lll

This uses Bulletin 17B procedures for computing the function and
uncertainty (confidence limits) from the mean, standard deviation, skew,
and equivalent record length. To enter an analytical exceedance
probability function using Log Pearson Type IlI:

From the FDA main window (see Chapter 2, Section 2.1, Figure
2.1, page 2-2), on the HydEng menu, click Exceedance
Probability Functions with Uncertainty.
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The Log Pearson
Type 111 option
allows you to
enter the mean,
standard
deviation, skew,
and equivalent
record length to
create the
analytical
exceedance
probability
function.

10.

11.

The Exceedance Probability Functions with Uncertainty dialog
box will open (see Figure 5.1, page 5-1).

For each plan, analysis year, stream, and damage reach combination
an exceedance probability function will be assigned, therefore, you
need to a select the appropriate plan from the Plan list, the
appropriate analysis year from the Analysis Year list, the
appropriate stream from the Stream list, and the appropriate
damage reach from the Damage Reach list (see Figure 5.2, page
5-3).

Click Analytical, the Discharge-Probability Function - Type
Analytical dialog box will open (see Figure 5.3, page 5-3).

Click Enter Log Pearson Type 111 Statistics, the appearance of
the Discharge-Probability Function - Type Analytical dialog box
will change x|
(Figure 5.4).
You will need to
enter the mean

ﬁ: Chester Creek - Discharge-Probability Fun:

Mame: Diatton kil Gage

Deseription: USG5 Gage at Dutton Mil Rd

(Mean (M) rli)ischalge-Probahility Functi.on. Stalistics
+ Enter Log Pearson II| Statistics I~ Transform Flow [Reg vs. Unreg]...
bOX)1 the | " Compute Synthetic Statistics
Stand ard — Statistics of Logs for LP I
deviation Mean M} [3s070
(Standard StendardDevistion (5 [02950 | Plot.. |
Deviation (S) Skew (G [0.4000
bOX), the SkeW Equivalent Record Length [M]: |65 ml
(Skew (G) box),
and an
equivalent soe | gancal |

record length Figure 5.4 Discharge-Probability Function - Type

(Equivalent Analytical - Log Pearson Type 111
Record Length Dialog Box
(N) box).

Click Save, the Discharge-Probability Function - Type
Analytical dialog box (Figure 5.4) will close and FDA will
compute the analytical exceedance probability function with
uncertainty, which will display in the table on the Exceedance
Probability Functions with Uncertainty dialog box (see Figure
5.1, page 5-1)

Enter a name (required) in the Function box (see Figure 5.1, page
5-1). The maximum length is sixteen (16) characters.

Enter a description (optional but recommended) in the Description
box (see Figure 5.1, page 5-1). The maximum length is sixty-four
(64) characters.

Click Save, the exceedance probability function is added, and
assigned to the selected plan, analysis year, stream, and damage
reach.

When you are finished with creating exceedance probability
functions, on the File menu, click Close, the Exceedance
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5.3

A graphical
exceedance
probability
function is
defined is by
specifying the
discharge- or
stage-probability
ordinates and the
equivalent record
length. The
computation in
FDA to create the
graphical
exceedance
probability
function is termed

order statistics.

Probability Functions with Uncertainty dialog box will close (see
Figure 5.1, page 5-1).

Graphical Exceedance Probability Method

If the function does not fit the Log Person Type Il distribution, the
graphical approach should be used. The graphical approach is typically
applicable for regulated flows, stage-exceedance probabilities (often
storage based or UNET (Barkau, 1992) unsteady flow modeling results),
and partial duration functions. The graphical method uses an approach
termed order statistics. For the graphical method, see ETL 1110-2-537,
or "Uncertainty, A Guide to Dealing with Uncertainty in Quantitative Risk
and Policy Analysis™ by Morgan and Henron. Figure 5.5 shows the
Probability Function - Type Graphical dialog box, which is where the
user will enter the graphical exceedance probability function.

=10l x|

SF-8'0 Base ¥r

M ame:

Description: Feach 5F-8 Rim 3.253%//0 Project Base ‘r'ear

— Wwater Surface Profile Type —
% Discharge-Probability [T Tranztom Flow [Reg vs. Unreq)... |
{~ Stage-Probability
— Graphical or Partial Duration Probability Function Ordinates
Exceedance Dizcharge ;I
Probabiliy EE] Plat... |
1 0.93900 900.00
2 050000 1489.00 m
3 0.20000 2106.00
4 010000 3119.00
5 0.04000 4183.00
B 0.02000 S036.00
7 0.01000 £198.00
g 0.00400 7007100
5 0.00200 9610.00 Insert Row |
ﬂn _rl_l Delete How |

Equivalent Record Length (M]: |48

Save I LCancel |

Figure 5.5 Probability Function - Type Graphical Dialog Box

A graphical probability function (discharge- or stage-probability) is
defined by specifying the discharge- or stage-probability ordinates and the
equivalent record length that describes the known function. Once
specified, ordered events are interpolated from the function based on the
equivalent record length and error limit curves determined using order
statistics. The final graphical discharge- or stage-probability function is
based on mean or expected values defined by Weibull plotting positions
along the curve. The distribution of errors is assumed to be normal about
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the specified function. You may plot or tabulate the function and error
limit curves (see ETL 1110-2-537).

When entering data to define graphical exceedance-probability functions,
a number of data points should be used to describe the full range of the
function. The uncertainty of these functions is computed using a statistical
method called ordered events (Morgan and Henrion, 1990). The method
determines standard errors of points (estimates) along the curve from the
relationship of each of the estimates to adjacent points and the slope of the
function. The number and distribution of the points affect the uncertainty
computation results.

For stage-probability functions which have a steep slope in the function
followed by a very flat slope for rare exceedance probabilities, FDA
Version 1.2.4 will use the calculated uncertainty about the flat portion of
the function in the expected annual damage (EAD) and project
performance computations. However, when viewing stage-probability
functions from the FDA graphical user interface (GUI), either graphically
or in a report, FDA will incorrectly display greater uncertainty about the
flat portion of the function.

5.3.1 Creating a Graphical-Exceedance Probability
Function

You can create a graphical exceedance probability function by retrieving
the discharge-exceedance-probability data points from the water surface
profile set for the selected plan, analysis year, stream, and damage reach,
or you can enter the values manually. To retrieve from the assigned water
surface profile set:

1. From the FDA main window (see Chapter 2, Section 2.1, Figure
2.1, page 2-2), on the HydEng menu, click Exceedance
Probability Functions with Uncertainty.

2. The Exceedance Probability Functions with Uncertainty dialog
box will open (see Figure 5.1, page 5-1).

3. For each plan, analysis year, stream, and damage reach combination
an exceedance probability function will be assigned, therefore, you
need to a select the appropriate plan from the Plan list, the
appropriate analysis year from the Analysis Year list, the
appropriate stream from the Stream list, and the appropriate
damage reach from the Damage Reach list (see Figure 5.2, page
5-3).

4. On the Edit menu, click Graphical from WSP, the Probability
Function - Type Graphical dialog box will open (see Figure 5.6,
page 5-8).
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Figure 5.6 Probability Function - Type Graphical Equivalent Record
Length Dialog Box

The discharge-exceedance-probability data points have been
retrieved from the assigned water surface profile set. Note that this
is for eight probability events. The statistics, including the
uncertainty of the graphical exceedance-probability function, are
influenced by the entire sample. Consequently the entire range of
the function should be defined including an annual return 1-year
event (0.999) estimated value.

You need to add an additional point at the 0.999 (1-year) event.
Select Row 1 (highlighted in blue), click Insert Row (see figure
5.6, page 5-8); Row 1 will now be a blank row. In the Exceedance
Probability column, enter 0.999, and in the Discharge column type
the discharge value for the 1-year event.

You must enter an equivalent record length in the Equivalent
Record Length (N) box.

Click Save, the Probability Function - Type Graphical dialog
box (Figure 5.6) will close and FDA will compute the graphical
exceedance probability function with uncertainty, which will
display in the table on the Exceedance Probability Functions with
Uncertainty dialog box (see Figure 5.1, page 5-1).

Enter a name (required) in the Function box (see Figure 5.1, page
5-1). The maximum length is sixteen (16) characters.
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10.

11.

12.

Enter a description (optional but recommended) in the Description
box (see Figure 5.1, page 5-1). The maximum length is sixty-four
(64) characters.

Click Save, the exceedance probability function is added, and
assigned to the selected plan, analysis year, stream, and damage
reach.

When you are finished with creating exceedance probability
functions, on the File menu, click Close, the Exceedance
Probability Functions with Uncertainty dialog box will close (see
Figure 5.1, page 5-1).

To enter a graphical exceedance probability function manually:

1.

From the FDA main window (see Chapter 2, Section 2.1, Figure
2.1, page 2-2), on the HydEng menu, click Exceedance
Probability Functions with Uncertainty.

The Exceedance Probability Functions with Uncertainty dialog
box will open (see Figure 5.1, page 5-1).

For each plan, analysis year, stream, and damage reach combination
an exceedance probability function will be assigned, therefore, you
need to a select the appropriate plan from the Plan list, the
appropriate analysis year from the Analysis Year list, the
appropriate stream from the Stream list, and the appropriate
damage reach from the Damage Reach list (see Figure 5.2, page
5-3).

Click Graphical, the Probability Function - Type Graphical
dialog box will open (see Figure 5.6, page 5-8).

The statistics, including the uncertainty of the graphical
exceedance-probability function, are influenced by the entire
sample. Consequently the entire range of the function should be
defined including an annual return 1-year event (0.999) estimated
value. You will need to enter the discharge-exceedance-probability
data points in the table.

You need to add an additional point at the 0.999 (1-year) event.
Select Row 1 (highlighted in blue), click Insert Row. Row 1 will
now be a blank row. In the Exceedance Probability column, enter
0.999, and in the Discharge column type the discharge value for the
1-year event.

You must enter an equivalent record length in the Equivalent
Record Length (N) box open (see Figure 5.6, page 5-8).

Click Save, the Probability Function - Type Graphical dialog
box (see Figure 5.6, page 5-8) will close and FDA will compute the
graphical exceedance probability function with uncertainty, which
will display in the table on the Exceedance Probability Functions
with Uncertainty dialog box (see Figure 5.1, page 5-1).

Enter a name (required) in the Function box (see Figure 5.1, page
5-1). The maximum length is sixteen (16) characters.
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10. Enter a description (optional but recommended) in the Description
box (see Figure 5.1, page 5-1). The maximum length is sixty-four
(64) characters.

11. Click Save, the exceedance probability function is added, and
assigned to the selected plan, analysis year, stream, and damage
reach.

12.  When you are finished with creating exceedance probability
functions, on the File menu, click Close, the Exceedance
Probability Functions with Uncertainty dialog box will close (see
Figure 5.1, page 5-1).

5.3.2 Eight Data Points versus Nine Data Points

A graphical exceedance-probability function can be defined by retrieving
the discharge-exceedance-probability data points from the water surface
profile data for the eight events and then adding an additional point at the
0.999 (1-year) event. Figures 5.7 and 5.8 (page 5-10) display the results
for the exceedance probability function defined entirely by the water
surface profile data only.

2 Exceedance Probability Function Plot ] ]

File  Help

Bear Creek Other Examples
Dizcharge-Probability Function Plat for SF-8 w0 Base 50%
[Graphical]

100000

10000

Dizcharge [cfs]

2

N

) ) _,,A/f’y///}
1000

9993 5999 .99 S0 .50 0 Al 0010001
E xceedance Probability

[——Mean Discharge 250 B 250]

Figure 5.7 Exceedance Probability Function Report - Graphical -
From Water Surface Profiles - Eight Data Points

Note from the plot on Figure 5.8 (page 5-10) that the program does not
extrapolate beyond the limits of the data, in this case below the 0.5
exceedance or the 2-year event. Note also, from Figure 5.7 (page 5-10);
the range of values for the 0.01 exceedance probability event between plus
and minus two standard errors is 3,161 to 12,153 cfs.
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File  Help
Bear Creek Other Examples
Dizcharge-FProbability Function Report for SF-8 w0 Baze B0%
[Graphical)
Confidence Limit Curves [standard erar] d
Excesdance Dizcharge Dizcharge [cfs]
Prabahility [cfs) 250 | 15D | +1 5D | +2 5D
0.5330 1478 1475 1477 1480 1481
09300 1481 1478 1479 1482 1484
0.9500 1483 1481 1482 1484 1485
03000 1484 1483 1484 1485 1486
0.8000 1486 1485 1485 1487 1487
07000 1487 1486 1486 1488 1488
05000 1489 1486 1487 1553 1620
0.3000 1848 1583 1710 1897 2158
0.2000 2106 1604 1838 243 2TEE
01000 3119 2162 2597 3746 4499
0.0400 4183 2795 319 517 E260
0.0200 5036 2831 3776 EF17 8959
0.0100 £198 3161 4426 89579 12153
0.0040 7001 3369 4856 10093 14549
0.0020 9610 35965 E173 14961 23293
0.0010 12935 4809 A 21670 3/3I0F
< _'l_I

Figure 5.8 Exceedance Probability Function Plot - Graphical -
From Water Surface Profiles - Eight Data Points

The statistics, including the uncertainty of the graphical exceedance-
probability function, are influenced by the entire sample. Consequently
the entire range of the function should be defined including an annual
return 1-year event (0.999) estimated value.

Figures 5.9 and 5.10 (page 5-12) display the graphical exceedance-
probability function and error limit values after adding an additional
discharge of 900 cfs for the 0.999 or 1-year event to help define the lower

=]
Eile Help
Bear Creek - Plan Formulation
Discharge-Probability Function Repart for SF-8 W0 Base vt
[Graphical]
Confidence Limit Curves [standard error] ;I
Exceedance Dizscharge Dizcharge [cls)
Probability [icfs] 250 | 150 | +150 | +25D
0.9930 500 e 834 971 1049
0.9500 1019 886 951 1093 1172
(0.9500 1139 1032 1084 1196 1257
0.9000 1208 1116 1161 1257 1308
(0.8000 1298 1215 1256 1342 1387
0.7000 1367 1286 1326 1410 1454
0.5000 1489 1340 1412 1570 1655
0.3000 1848 1583 1710 1997 2158
0.2000 2106 1604 1838 2113 27EG
0.1000 3119 2162 2897 3746 4439
0.0400 4183 2795 3419 517 E2E0
0.0200 B036 283 3776 EA17 8959
0.0100 E198 3215 4464 8605 114948
0.0040 oo 3461 4922 9957 14162
0.0020 9610 4179 E337 14573 22098
0.00ma 12935 4574 8021 20858 3364 o
< _'I_I

Figure 5.9 Exceedance Probability Function Report - Graphical -
Nine Data Points
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Figure 5.10 Exceedance Probability Function Plot - Graphical - Nine
Data Points

end of the function. Note the range of values for the 0.01 exceedance
probability event between plus and minus two standard errors is now
3,2151t0 11,948 cfs. The example shows that simply adding an additional
point on the frequency curve decreases the computed uncertainty
substantially. This is because the program assumes nothing is known
beyond the most frequent event entered (the 2-year event in the first case).
Providing additional information throughout the entire sample decreases
the uncertainty. The expected annual damage would change even though
it can be assumed that the 0.01 exceedance probability event is well within
banks at the reach index location.

FDA does extrapolate beyond the least frequent event entered if that event
is more frequent than the 0.002 exceedance probability (500-year) event.
However, it is important to provide data to the 0.002 or greater event to
ensure as much accuracy as possible.

Note: It is recommended that graphical frequency functions be defined
between the 1- and 0.001-exceedance probability events.

5.3.3 Transform Flow Relationship

A transform flow relationship may be used to define a relationship
between unregulated and regulated flow, inflow and outflow, or another
relationship to transform the flow defined by the discharge- or stage-
probability function. This transform flow relationship could be the result
of reservoir or channel routing, channel diversion, etc. Although a
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A transform flow
relationship may
be used to define
a relationship
between
unregulated and
regulated flow,
inflow and
outflow, or
another
relationship to
transform the flow
defined by the
discharge- or
stage-probability
function.

graphical curve could represent a regulated probability function, it is better
to first derive an unregulated curve and use the transform flow function to
convert the unregulated into a regulated curve. It specifically allows for
the isolation of the uncertainty related to the transforming mechanism,
while maintaining the uncertainty of the discharge-probability function.
The relationship is entered as x-y paired data. Uncertainty of the
dependent variable (regulated flow) is also defined. The distribution type
and the distribution parameters are entered for each point on the flow
transform function.

A transform flow function may describe the unregulated inflow into a
reservoir and the regulated outflow via routing, and outlet works and/or
spillway releases. The uncertainty of this function could be derived from
a sensitivity analysis of the reservoir routing, varying such parameters as
the outlet works and spillway ratings, outlet works operation, shape of the
inflow hydrograph, assumed initial release time, political influences,
safety issues, etc. Given the variety of parameters that have an impact on
the outflow, one might conclude that the uncertainty distribution for this
situation is asymmetric and diminishes in probability at the extremes. The
triangular distribution of uncertainty, therefore, may be the most
appropriate descriptor of this function.

A transform flow function can be entered for either an analytical (if your
analytical exceedance probability function is based on synthetic statistics
the transform flow option will not be available) or a graphical-exceedance
probability function:

1. From the FDA main window (see Chapter 2, Section 2.1, Figure
2.1, page 2-2), on the HydEng menu, click Exceedance
Probability Functions with Uncertainty.

2. The Exceedance Probability Functions with Uncertainty dialog
box will open (see Figure 5.1, page 5-1).

3. For each plan, analysis year, stream, and damage reach combination
an exceedance probability function will be assigned, therefore, you
need to a select the appropriate plan from the Plan list, the
appropriate analysis year from the Analysis Year list, the
appropriate stream from the Stream list, and the appropriate
damage reach from the Damage Reach list (see Figure 5.2, page
5-3).

4. Click Analytical or Graphical, the dialog box associated with the
exceedance probability function will open. If your analytical
exceedance probability function is based on synthetic statistics the
transform flow option will not be available

5. Click Transform Flow (Reg vs. Unreg), the Transform Flow
(Regulated vs. Unregulated) dialog box will open (see Figure
5.11, page %-14).
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.ﬁ: Bear Creek Other Examples - Transform Flow ed vs. o ]
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Figure 5.11 Transform Flow Dialog Box

6. If there is uncertainty associated with the function, select a
distribution type from the Distribution Type box. When you select
a distribution type the table will expand. Figure 5.12 shows the
table for a triangular distribution.

.E: Bear Creek Other Examples - Transform Flow (Regulated vs. Unregulated) o =]
File Edit Wiew Help
— Digtribution Type ———————————————
= Mone = Mormal (¢ Triangular € Log Normal
Irflowe Outflow Minirnum W amirum =
[icfs) [ckz] Ouitflow [cfz) Oluitflow [cfe] J
1 300.0 300.0 500.000 900.000
2 1483.0 1483.0 1450.000 1530.000
e = Flat...
&l 2106.0 1500.0 1480.000 1550.000 —I
4 31143.0 1550.0 1530.000 1620.000 Tabulate... |
5 41830 1600.0 1560.000 1680.000
5 5036.0 1700.0 1640.000 1800.000 Save I
& £133.0 2500.0 2400.000 4500.000
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10 -
1] r

Figure 5.12 Transform Flow Dialog Box - Triangular Distribution

7. Click Save, the Transform Flow (Regulated vs. Unregulated)
dialog box (Figure 5.11) will close, and returns you to the analytical
or graphical dialog box.

8. From either the analytical or graphical dialog box click Save, that
dialog box will close, and return you to the Exceedance
Probability Functions with Uncertainty dialog box (see Figure
5.1, page 5-1).

9. Click Save, the transform flow relationship for selected exceedance
probability function is saved.

10.  When you are finished with creating exceedance probability
functions, on the File menu, click Close, the Exceedance
Probability Functions with Uncertainty dialog box will close (see
Figure 5.1, page 5-1).
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5.4 Delete an Exceedance Probability Function

Since exceedance probability functions are assigned to a plan, analysis
year, stream, and damage reach, you are deleting the assignment of that
particular exceedance probability function to a plan, analysis year, stream,
and damage reach. Any exceedance probability function that is assigned
to only one plan, analysis year, stream, damage reach, and then deleted,
will be removed from the study. To delete an exceedance probability
function:

1.

From the FDA main window (see Chapter 2, Section 2.1, Figure
2.1, page 2-2), on the HydEng menu, click Exceedance
Probability Functions with Uncertainty.

The Exceedance Probability Functions with Uncertainty dialog
box will open (see Figure 5.1, page 5-1).

Select the appropriate plan, analysis year, stream, and damage
reach; this will give you the exceedance probability function you
wish to delete (see Figure 5.2, page 5-3).

On the Edit menu, click Delete Assignment, a warning message
will appear asking you if you really wish to delete this exceedance
probability function assignment. Click Yes, the exceedance
probability function is no longer assigned to the selected plan,
analysis year, stream, and damage reach.

When you are finished, on the File menu, click Close, the
Exceedance Probability Functions with Uncertainty dialog box
will close (see Figure 5.1, page 5-1).

5.5 List of Exceedance Probability Functions

To review the exceedance probability functions you have entered for your
study, FDA provides a report. To access the report do the following:

1.

S

From the FDA main window (see Chapter 2, Section 2.1, Figure
2.1, page 2-2), on the HydEng menu, click Exceedance
Probability Functions with Uncertainty.

The Exceedance Probability Functions with Uncertainty dialog
box will open (see Figure 5.1, page 5-1).

On the View menu, click List of Exceedance Probability
Functions, the List of Exceedance Probability Functions dialog
box will open (Figure 5.13).

This report can be printed, on the File menu, click Print.

When you are finished reviewing this report, on the File menu,
click Close, the List of Exceedance Probability Functions dialog
box will close (see Figure 5.13, page 5-16).
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=l
File “iew Help
Bear Creek - Flan Formulation
List of Exceedance Probability Functions
Frabability -]
Function [Damage Reach
Mame Drescription Type Mame Stream Mame

SF-8'W0 Baze'r Reach SF-8 Rm 9.253 /0 Project Baze Year Graphical SF-a S Fork Bear
SF-3'W0 Baze'r Reach SF-9RM 10,124 W/0 Project Base Year Graphical SF4 S Fork Bear
SF-8'W/0 Future  Reach SF-8 Rm 9.253 /0 Project Baze Year Graphical SF-a S Fork Bear
SF-9%W/0 Future  Reach SF-9RM 10,124 W /0 Project Base Year Graphical SF4 S Fork Bear
SF-BPlanl Baze  Reach SF-8 Rm 9.253 Plan1 Project Baze Year Graphical SF-a S Fork Bear
SF-9Planl Baze  Reach SF-9RM 10.124 Flanl Project Baze Year Graphical SF4 S Fork Bear
SF-8Plant Fut Reach 5F-8 Bm 9.253 Plan1 Project Future Y'ear Graphical SF8 S Fork Bear
SF-3 Plan1 Fut Feach SF-9RM 10.124 Plan1 Project Future Year  Graphical SF4 S Fork Bear =
o o

Figure 5.13 List of Exceedance Probability Functions Dialog Box

5.6 Exceedance Probability Function Plot

To view an exceedance probability function graphically:

1.

From the FDA main window (see Chapter 2, Section 2.1, Figure
2.1, page 2-2), on the HydEng menu, click Exceedance
Probability Functions with Uncertainty.

The Exceedance Probability Functions with Uncertainty dialog
box will open (see Figure 5.1, page 5-1).

Select the appropriate plan, analysis year, stream, and damage reach
(see Figure 5.2, page 5-3); this will give you the exceedance
probability function you wish to view graphically.

On the View menu, click Exceedance Probability Function Plot,
the Exceedance Probability Function Plot dialog box will open
(Figure 5.14).

ﬁ: Exceedance Probability Function Plot i ] 3]
File  Help
Bear Creek - Plan Formulation
Dizcharge-Probability Function Plot for SF-8%/0 Base Yt
[Graphicall
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)—"/i
- 10000
& / r—"/.’.
% Wﬁ":—;ﬂé /lfr—.
& om0 =
100

9939 599 .93 .90 50 il Al .001 0001
Exceedance Probability

[—— MWeanDischarge —=— 250 —+— 23D|

Figure 5.14 Exceedance Probability Function Plot Dialog Box
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5.

When you are finished reviewing the plot, on the File menu, click
Close, the Exceedance Probability Function Plot dialog box will
close (see Figure 5.14, page 5-16).

5.7 Exceedance Probability Function Report

To view an exceedance probability function in a report:

1.

oo

From the FDA main window (see Chapter 2, Section 2.1, Figure
2.1, page 2-2), on the HydEng menu, click Exceedance
Probability Functions with Uncertainty.

The Exceedance Probability Functions with Uncertainty dialog
box will open (see Figure 5.1, page 5-1).

Select the appropriate plan, analysis year, stream, and damage reach
(see Figure 5.2, page 5-3); this will give you the exceedance
probability function you wish to view in a report.

On the View menu, click Exceedance Probability Function
Report, the Exceedance Probability Function Report dialog box
will open (Figure 5.15).

.ﬁ: Exceedance Probability Function Report P [m] 54
File Help
Bear Creek - Plan Fomulation
Dizcharge-Probability Function Report for SF-8W0 Baze 't
[Graphical)
Confidence Limit Curves [standard error] ;I
Exceedance Digcharge Dizcharge [cfs]
Probability [cfz) 25D | 150 | +1 5D | +2 50
0.9330 300 772 g34 371 1043
0.9300 1019 886 951 1093 1172
0.9500 1139 1032 1084 1196 1257
0.9000 1208 1116 1161 1257 1308
0.8000 1298 1215 1256 1342 1387
0.7000 1367 1286 1326 1410 1454
0.5000 1433 1340 1412 1570 1655
0.3000 1248 1583 1710 19597 2158
0.2000 2106 1604 1338 243 27EE
0.1000 3119 2162 2597 3746 4433
0.0400 4183 27595 3419 5117 BZE0
0.0200 5036 2831 3776 B717 8959
n.onoa 6198 3215 4454 8605 11948
0.0040 70 34E1 4322 9957 14162
0.0020 3610 4174 B337 14573 22038
0.oma 12535 4374 8021 20858 33634
KTl _'l_I

Figure 5.15 Exceedance Probability Function Report Dialog Box

To print this report, on the File menu, click Print.

When you are finished reviewing the report, on the File menu, click
Close, the Exceedance Probability Function Report dialog box
will close.
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5.8

Assigning an Existing Exceedance Probability
Function to a Different Plan, Analysis Year, Stream,
Damage Reach Combination

You can assign an exceedance probability function to another plan,
analysis year, stream, and damage reach combination. There are two ways
to accomplish this assignment. The first way is to assign an exceedance
probability function individually:

1.

From the FDA main window (see Chapter 2, Section 2.1, Figure
2.1, page 2-2), on the HydEng menu, click Exceedance
Probability Functions with Uncertainty.

The Exceedance Probability Functions with Uncertainty dialog
box will open (see Figure 5.1, page5-1).

Select a plan, analysis year, and stream that does not have an
assigned exceedance probability function.

Either click Use an Existing Function, or from the File menu, click
Use an Existing Function, either way, the Copy Exceedance
Probability Function dialog box will open (Figure 5.16).

Ry
MHame | Description ;l
SF-8 Plan1 Baze Reach SF-8 Aim 9.253 Planl Project Baze Year
SF-8 Plan1 Fut Reach SF-8 Fim 9.253 Planl Project Future Year
SF-8w 0 Future Reach SF-8 Am 9.253 W0 Project Baze Year
SF-8W0 Baze T Reach SF-8 Bm 9.2563 W0 Project Basze Year
5F-9 Plan1 Baze Reach SF-9 Rk 10124 Plan1 Project Base Year
SF-9 Plant Fut Reach SF-9 Rk 10,124 Plan1 Project Future Year
SF-9w /0 Future Reach SF-9 Rk 10124 /0 Project Basze Year
SF-3'wW0 Base T Reach SF-9AM 10,124 W0 Project Base Year -
4 . of
QK I Cancel |

Figure 5.16 Copy Exceedance Probability Function Dialog Box

Based on the stream selected, FDA uses an automated filtering
system that will only provide a list of exceedance probability
functions that are available for the selected stream. From the table
select the exceedance probability function that you want to assign to
the selected plan, analysis year, stream, and damage reach. Click
OK, the Copy Exceedance Probability function dialog box will
close.

From the Exceedance Probability Functions with Uncertainty
dialog box (see Figure 5.1, page 5-1) click Save, this will save the
assignment of the exceedance probability function to the selected
plan, analysis year, stream, and damage reach.

You do not need to change the name of the exceedance probability
function unless you make some other kind of change that is
specifically for that plan, analysis year, stream, and damage reach.
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The other way is to assign an exceedance probability function to multiple
plans and analysis years:

1.

From the FDA main window (see Chapter 2, Section 2.1, Figure
2.1, page 2-2), on the HydEng menu, click Exceedance
Probability Functions with Uncertainty.

The Exceedance Probability Functions with Uncertainty dialog
box will open (see Figure 5.1, page 5-1).

On the Edit menu, click Global Assignment Copy, the Global
Assignment Copy dialog box will open (Figure 5.17).

_ 1ol x|
Copy Probability Function Assighmmetts
From: To
Plan: without j Plan: Flan 2 j
Analysiz Year: |2DDS j Analysis Year: I2DDS j
i 5 Fork Bea j
Copy I Cloge | Help |

Figure 5.17 Global Assignment Copy Dialog Box

The From box is where you select the plan and analysis year that
includes the exceedance probability function you want to assign.
The To box is the plan and analysis year that you are going to
assign the exceedance probability function to. In the example
(Figure 5.17), the exceedance probability function for the Without
plan and 2009 analysis year, will be assigned to Plan 2 and both
analysis years (2009 and 2030). There is also an All options which
allows you to make assignments to all plans and all analysis years.
Once you have made your selections click Copy, a warning
message will appear asking you if this is really what you want to
do, click Yes, the warning message closes. Click Close, the Global
Assignment Copy dialog box (Figure 5.17) will close. The
assignments are automatically saved.

To verify that the exceedance probability function assignments have
been made, you need to review the Exceedance Probability
Function Assignments report (see Section 5.9).

5.9 List of Exceedance Probability Function
Assignments

To check to see if your assignments have been done and are correct, you
need to review the assignment report:
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1. From the FDA main window (see Chapter 2, Section 2.1, Figure
2.1, page 2-2), on the HydEng menu, click Exceedance
Probability Functions with Uncertainty.

2. The Exceedance Probability Functions with Uncertainty dialog
box will open (see Figure 5.1, page 5-1).

3. On the View menu, click Exceedance Probability Function
Assignments the Exceedance Probability Function Assignments
dialog box will open (Figure 5.18).

=10l x|
File  “iew Help
Bear Creek - Plan Formulation
Stage-Dizcharge Function Assignments
Flarn | Stream Damage Reach | Stage-Discharge Stage-Dizcharge ﬂ
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“““““ - & stage-dizcharge function has not been assigned for this plan/year/stream/damage reach combination.
- The stage-dizcharge function is not comect. See Help for more information on what could be wiong.

Figure 5.18 Exceedance Probability Function Assignments Dialog Box

To print this report, on the File menu, click Print.

When you are finished reviewing the report, on the File menu, click
Close, the Exceedance Probability Function Assignments dialog
box will close.

o ks

5.10 Data Entry Variables for Exceedance Probability
Functions

Plan Name: Select a previously defined plan name.

Stream Name: Select a previously defined stream name.

Analysis Year: Select a previously defined analysis year.

Damage Reach: Select a previously defined damage reach.

Probability Function Name: Required name for the defined probability

function, which is used for subsequent data entry pick lists, and labeling
reports and plots. A new probability function can be added to the
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database. An existing probability function can be copied, updated, or
deleted. The maximum length is sixteen (16) characters.

Probability Function Description: Optional description of the defined
probability function, maximum length is sixty-four (64) characters.

Probability Function Statistics: Reports the statistics entered or
computed for a probability function. For the Log Pearson Type Il
distribution, the statistical parameters are mean (first moment), standard
deviation (second moment), skew (third moment), and equivalent record
length. For synthetic or parameter fitting (Compute Synthetic Statistics),
the computed statistical parameters are mean, standard deviation, skew,
and equivalent record length. Also, the discharge is computed. The
statistic reported for a non-analytical probability function is the equivalent
record length.

Analytical Discharge-Probability Function: A discharge-probability
function that is fit with an analytical (statistical) distribution. The
distribution is defined by statistics which are the mean, standard deviation,
and skew for the Log Pearson Type Il distribution, and the equivalent
record length. The function is developed by site specific, hydrologic
engineering analysis procedures. A "synthetic" approach defined by
discharges associated with the .50, .10, and .01 probability events that fit
the Log Pearson Type Il distribution through the three points, may also be
used.

Graphical Discharge- or Stage-Probability Function: A graphical
probability function (discharge- or stage-probability) is a non-analytical
function that is drawn graphically by an eye-fit curve. This means that the
function is not fitted by an analytical distribution. For HEC-FDA,
graphical functions should use Weibull's plotting positions (not median)
because the normal distribution is used in the order statistics approach to
define the error bands.

Exceedance Probability Event: The probability that a specific event will
be exceeded in any given year. For example, the .01 exceedance
probability event has a .01 probability of occurring in any given year.

Confidence Limit Curves: Error limit curves about an analytical
discharge-probability function developed using the non-central t
distribution. Error limit curves about a graphical discharge-probability or
stage-probability functions using a normal distribution. Confidence limit
curves are used to define the discharge-probability or stage-probability
function's uncertainty.

Stage: The vertical distance in feet (meters) above or below a local or
national datum (N.G.V.D. for elevations).

5-21



Chapter 5 — Exceedance Probability Functions HEC-FDA User's Manual

Discharge (Q): The volume of water passing a specific point for a given
time interval. For example, 2,000 cubic feet per second or 1,000 cubic
meters per second.

Log Pearson Type |11 Statistics: A statistical distribution that defines an
analytical discharge-probability function. The distribution has statistical
parameters that define the moments of the data about the analytical curve.
These statistical parameters are mean (first moment), standard deviation
(second moment), and skew (third moment). Also, there is an additional
parameter specified, equivalent record length.

Mean: The average value of a set of numbers, such as the annual peak
discharges that have occurred over a period of time. The first moment
statistic of a Log Pearson Type Il distribution, representing the average of
the logarithms of peak discharge values.

Compute Synthetic Statistics: Log Pearson Type Il statistics are
computed based on the discharges associated with the .50, .10, and .01
exceedance probability events of an adopted probability function. The
synthetic statistics are based on equations given in Guidelines for
Determining Flood Flow Frequency, Bulletin 17B, USGS, September
1981.
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CHAPTER 6

Stage-Discharge Functions

6.1 General

A stage-discharge function is the relationship between the discharge
(flow) at a river cross-section and the stage (depth) produced by that

A stage-discharge
function (rating
function) is the
relationship
between the
discharge (flow)
at a river cross-

discharge. This function is needed when the exceedance probability
function is defined in terms of discharge, in order to transform the
discharge into stage (and subsequently damage) for each probability.
From the Stage-Discharge Function with Uncertainty dialog box
(Figure 6.1) you will enter the information for your stage-discharge
(rating) functions. The stage-discharge (rating) function with uncertainty

section and the =0l x|
stage (depth) File Edit “iew Help
produced by that Plan: [wdithout =] steam [6 Fark Bea r
discharge.
J Analysiz ear: |2DDS j Damage Feach: ISF-B j
Function: ISF-B Wil Base T Use &n Existing Functinnl Flat... |

Dezcription: IHeach SF-8 BM 9.253'W/0 Project Baze Year

Tabulate. .

— Diztribution Type

" Mone @ Momal © Trangular € Log Mormal

Save

[Cancel

— Define Uncertainty

~ Enter by Ordinate (¢ Calculate  Set Stage Error...l

J LR

Dizcharge Stage Standard Deviation
[cfe) [ft.] of Enror
1 0.00 458.02 0.000
| 2| 1489.00 468.32 0z
3 | 210600 470.02 0.363
4 3119.00 471.96 0422
|5 | 4183.00 47311 0.457
B 503600 47371 0.475
7 E198.00 474 53 0.500
3 7001.00 475.09 0.500
| 9| 9610.00 476,76 0.500 -
4 LIJ

Figure 6.1 Stage-Discharge Function with Uncertainty Dialog Box

is specified for a given plan, analysis year, stream, and damage reach in
the evaluation of flood damage reduction measures. Stage-discharge
functions are required unless a stage-exceedance probability function is
used. The same median stage-discharge functions may be used for several
plans, analysis years, and damage reaches but not different streams.
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6.2

You may specify an uncertainty (probability density function) type as
either none (no uncertainty), normal, triangular, or log normal. You may
then manually enter the uncertainty by each ordinate or specify "calculate"
to define the uncertainty for a specific stage. For this case, the error is
proportioned to the invert stage for zero discharge and error. Error values
above the specified stage are assumed constant (equal to the error for the
specified stage). You may tabulate and plot the stage-discharge
uncertainty functions.

The highest stage value must extend beyond the highest stage affected by
any flood damage reduction measure. We recommend including an
ordinate to the .002 or .001 exceedance probability level. FDA will not
extrapolate the rating curve beyond the highest coordinate value that you
entered.

Creating a Stage-Discharge Function

You can create a stage-discharge function based on the water surface
profile set for the selected plan, analysis year, stream, and damage reach,
or you can enter the values manually. To create a stage-discharge function
based on the assigned water surface profile set:

1. From the FDA main Window (see Chapter 2, Section 2.1, Figure
2.1, page 2.2), on the HydEng menu, click Stage-Discharge
Function with Uncertainty.

2. The Stage-Discharge Function with Uncertainty dialog box will
open (see Figure 6.1, page 6-1).

3. For each plan, analysis year, stream, and damage reach combination
a stage-discharge function will be assigned, therefore, you need to
select the appropriate plan from the Plan list, the appropriate
analysis year from the Analysis Year list, the appropriate stream
from the Stream list, and the appropriate damage reach from the
Damage Reach list (Figure 6.2).

Plat: IWithout j Stream: IS Fork Bear

[
Analyziz Year |2lJDS j Damage Reach: ISF'B j

Figure 6.2 Assignment Items for Stage-Discharge Functions

4. On the Edit menu (see Figure 6.1, page 6-1), click Retrieve from
WSP, this will automatically create a nine-point stage discharge
function at the damage reach index location based on the water
surface profile set for the selected plan, analysis year, stream, and
damage reach. The nine ordinates include the invert stage (zero
discharge) and the eight stage-discharge values from the water
surface profile set.
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10.

11.

From the Distribution Type box (see Figure 6.1, page 6-1), select
the uncertainty type if your stage-discharge function has
uncertainty.
If you have selected an uncertainty from the Define Uncertainty
box (see Figure 6.1, page 6-1), click Enter by Ordinate to
manually enter the uncertainty for each ordinate of the stage-
discharge function.

_Or_
From the Define Uncertainty box (see Figure 6.1, page 6-1), click
Calculate, the Set Stage Error for a distribution type dialog box
will open (Figure 6.3). Error values above the specified stage are
assumed constant (equal to the error for the specified stage), this

Stage ‘Where Errar Becomes Constant: |4?‘4.53
Standard Deviation af Erar for Entered Stage: ID.5

kK I Caricel | Help |

Figure 6.3 Set Stage for a distribution type Dialog Box

value is entered in the Stage Where Error Becomes Constant box
(Figure 6.3). You will define an uncertainty for a specific stage; the
error is proportioned to the invert stage for zero discharge and error,
this value is entered in the Standard Deviation of Error for
Entered Stage box (Figure 6.3).

Click OK, the Set Stage Error for a distribution type dialog box
will close (Figure 6.3) and you will return to the Stage-Discharge
Function with Uncertainty dialog box (see Figure 6.1, page 6-1).
Enter a name (required) in the Function box (see Figure 6.1, page
6-1). The maximum length is sixteen (16) characters.

Enter a description (optional but recommended) in the Description
box (see Figure 6.1, page 6-1). The maximum length is sixty-four
(64) characters.

Click Save, the stage-discharge function is added, and assigned to
the selected plan, analysis year, stream, and damage reach.

When you are finished with creating stage-discharge functions, on
the File menu, click Close, the Stage-Discharge Function with
Uncertainty dialog box will close (see Figure 6.1, page 6-1).

To enter a stage-discharge function manually:

1.

From the FDA main Window (see Chapter 2, Section 2.1, Figure
2.1, page 2.2), on the HydEng menu, click Stage-Discharge
Function with Uncertainty.
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10.

11.

The Stage-Discharge Function with Uncertainty dialog box will
open (see Figure 6.1, page 6-1).
For each plan, analysis year, stream, and damage reach combination
a stage-discharge function will be assigned, therefore, you need to a
select the appropriate plan from the Plan list, the appropriate
analysis year from the Analysis Year list, the appropriate stream
from the Stream list, and the appropriate damage reach from the
Damage Reach list (see Figure 6.2, page 6-2).
Enter the discharge and stage values for your stage-discharge
function in the table on the Stage-Discharge Function with
Uncertainty dialog box (see Figure 6.1, page 6-1). Note it is
recommended that you include the invert stage (zero discharge) in
your stage-discharge function.
From the Distribution Type box (see Figure 6.1, page 6-1), select
the uncertainty type if your stage-discharge function has
uncertainty.
If you have selected an uncertainty from the Define Uncertainty
box (see Figure 6.1, page 6-1), click Enter by Ordinate to
manually enter the uncertainty for each ordinate of the stage-
discharge function.

_Or_
From the Define Uncertainty box (see Figure 6.1, page 6-1), click
Calculate, the Set Stage Error for a distribution type dialog box
will open (see Figure 6.3, page 6-3). Error values above the
specified stage are assumed constant (equal to the error for the
specified stage), this value is entered in the Stage Where Error
Becomes Constant box (see Figure 6.3, page 6-3). You will define
an uncertainty for a specific stage; the error is proportioned to the
invert stage for zero discharge and error, this value is entered in the
Standard Deviation of Error for Entered Stage box (see Figure
6.3, page 6-3).
Click OK, the Set Stage Error for a distribution type dialog box
will close (see Figure 6.3, page 6-3) and you will return to the
Stage-Discharge Function with Uncertainty dialog box (see
Figure 6.1, page 6-1).
Enter a name (required) in the Function box (see Figure 6.1, page
6-1). The maximum length is sixteen (16) characters.
Enter a description (optional but recommended) in the Description
box (see Figure 6.1, page 6-1). The maximum length is sixty-four
(64) characters.
Click Save, the stage-discharge function is added, and assigned to
the selected plan, analysis year, stream, and damage reach.
When you are finished with creating stage-discharge functions, on
the File menu, click Close, the Stage-Discharge Function with
Uncertainty dialog box will close (see Figure 6.1, page 6-1).
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6.3 Delete a Stage-Discharge Function

Since stage-discharge functions are assigned to a plan, analysis year,
stream, and damage reach you are deleting the assignment of that
particular stage-discharge function to a plan, analysis year, stream, and
damage reach. Any stage-discharge function that is assigned to only one
plan, analysis year, stream, damage reach, and then deleted, will be
removed from the study. To delete a stage-discharge function:

1.

From the FDA main Window (see Chapter 2, Section 2.1, Figure
2.1, page 2.2), on the HydEng menu, click Stage-Discharge
Function with Uncertainty.

The Stage-Discharge Function with Uncertainty dialog box will
open (see Figure 6.1, page 6-1).

Select the appropriate plan, analysis year, stream, and damage
reach; this will give you the stage-discharge function you wish to
delete (see Figure 6.2, page 6-2).

On the Edit menu, click Delete Assignment, a warning message
will appear asking you if you really wish to delete this stage-
discharge function assignment. Click Yes, the stage-discharge
function is no longer assigned to the selected plan, analysis year,
stream, and damage reach.

When you are finished, on the File menu, click Close, the Stage-
Discharge Function with Uncertainty dialog box will close (see
Figure 6.1, page 6-1).

6.4  List of Stage-Discharge Functions

To review the stage-discharge functions you have entered for your study,
FDA provides a report. To access the report do the following:

1.

S

From the FDA main Window (see Chapter 2, Section 2.1, Figure
2.1, page 2.2), on the HydEng menu, click Stage-Discharge
Function with Uncertainty.

The Stage-Discharge Function with Uncertainty dialog box will
open (see Figure 6.1, page 6-1).

On the View menu, click List of Stage-Discharge Functions, the
List of Stage-Discharge Functions dialog box will open (see
Figure 6.4, page 6-6).

This report can be printed, on the File menu, click Print.

When you are finished reviewing this report, on the File menu,
click Close, the List of Stage-Discharge Functions dialog box will
close (see Figure 6.4, page 6-6).
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=10x|
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MHame Description Mame Stream Mame

SF-8%0 Bazer Reach SF-8 RM 9.253 /0 Project Basze Year SF-8 S Fork Bear
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Figure 6.4 List of Stage-Discharge Functions Dialog Box

6.5  Stage-Discharge Function Plot
To view a stage-discharge function graphically:

1. From the FDA main Window (see Chapter 2, Section 2.1, Figure
2.1, page 2.2), on the HydEng menu, click Stage-Discharge
Function with Uncertainty.

2. The Stage-Discharge Function with Uncertainty dialog box will
open (see Figure 6.1, page 6-1).

3. Select the appropriate plan, analysis year, stream, and damage reach
(see Figure 6.2, page 6-2); this will give you the stage-discharge
function you wish to view graphically.

4. On the View menu, click Stage-Discharge Function Plot, the
Stage-Discharge Plot dialog box will open (Figure 6.5).

5. When you are finished reviewing the plot, on the File menu, click
Close, the Stage-Discharge Plot dialog box will close (Figure 6.5).

=1ol|

File  Help

Bear Creek - Plan Formulation
Stage-Discharge Plot for SF-8 W0 Baze Y1
[Marmal]

Plan Marne: Wwithot
Analyszis Year 2009

Stream Mame: 5 Fork Bear
Damage Feach Mame: SF-8

430

4E0
¥

455

0 1000 2000 3000 4000 5000 BO00  FO00 8OO0 9000 10000
Dizcharge [cfz)

[+— MedianStage —®— +250 —#— 15D —#— 150 —+— 250

Figure 6.5 Stage-Discharge Plot Dialog Box
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6.6  Stage-Discharge Function Report

To view a stage-discharge function in a report:

1.

oo

From the FDA main Window (see Chapter 2, Section 2.1, Figure
2.1, page 2.2), on the HydEng menu, click Stage-Discharge
Function with Uncertainty.

The Stage-Discharge Function with Uncertainty dialog box will
open (see Figure 6.1, page 6-2).

Select the appropriate plan, analysis year, stream, and damage reach
(see Figure 6.2, page 6-2); this will give you the stage-discharge
function you wish to view in tabular form.

On the View menu, click Stage-Discharge Function Report, the
Stage-Discharge Report dialog box will open (Figure 6.6).

=[5
File Help
Bear Creek - Plan Formulation
Stage-Discharge Report for SF-8'10 Base YT
[Marmal]
Plan Mame: ‘ithaut
Analpziz Year: 20039
Stream Mame: 5 Fork Bear
Damage Reach Mame: SF-8
Error Limit Curves ;I
Dizcharge Stage Stage [ft.]
[is) 1] 25D | 15D | +15D | +25D
0.000 45202 458.02 458.02 458.02 458.02
1485.00 468,32 46770 468.01 4E8.63 468,94
2106.00 470,02 463.29 469,66 470.38 470.75
3115.00 471.96 47112 471.54 47238 472.80
4183.00 4731 472.20 47265 47357 474.02
5036.00 47371 47276 47323 47419 474 66
£158.00 47453 47353 474.03 475.03 475.53
7001.00 475.09 474.09 47459 475.59 476.09
9610.00 476.76 475.76 47E.26 477.26 47776
-
[ o

Figure 6.6 Stage-Discharge Report Dialog Box

To print this report, on the File menu, click Print.

When you are finished reviewing the report, on the File menu, click
Close, the Stage-Discharge Report dialog box will close (Figure
6.6).

6.7  Assigning an Existing Stage-Discharge Function to a
Different Plan, Analysis Year, Stream, Damage Reach
Combination

You can assign a stage-discharge function to another plan, analysis year,
stream, and damage reach combination. There are two ways to
accomplish this assignment. The first way is to assign a stage-discharge
function individually:
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From the FDA main Window (see Chapter 2, Section 2.1, Figure
2.1, page 2.2), on the HydEng menu, click Stage-Discharge
Function with Uncertainty.

The Stage-Discharge Function with Uncertainty dialog box will
open (see Figure 6.1, page 6-1).

Select a plan, analysis year, stream, and damage reach (see Figure
6.2, page 6-2) that does not have an assigned stage-discharge
function.

Either click Use an Existing Function (see Figure 6.1, page 6-1),
or from the File menu, click Use an Existing Function, either way,
the Copy Stage-Discharge Function dialog box will open (Figure
6.7).

x|
Mame | Dezcription ﬂ
5F-8 Plan1 Baze Reach 5F-8 Rk 9.253 Plan1 Base Year
SF-8'0 Bazer Feach SF-8 R 9,253 W/0 Project Baze Year
SF-9Planl Basze FReach SF-9RM 10124 Plan1 Basze Year
SF-9'0 Bazer Fieach SF-9RM 10124 W /0 Project Base Year =
< | ;I_I
0K I Cancel |

Figure 6.7 Copy Stage-Discharge Function Dialog Box

Based on the stream selected, FDA uses an automated filtering
system that will only provide a list of stage-discharge functions that
are available for the selected stream. From the table select the
stage-discharge function that you want to assign to the selected
plan, analysis year, stream, and damage reach. Click OK, the Copy
Stage-Discharge Function dialog box will close (Figure 6.7).
From the Stage-Discharge Function with Uncertainty dialog box
(see Figure 6.1, page 6-1) click Save, this will save the assignment
of the stage-discharge function to the selected plan, analysis year,
stream, and damage reach.

You do not need to change the name of the stage-discharge function
unless you make some other kind of change that is specifically for
that plan, analysis year, stream, and damage reach.

The other way is to assign a stage-discharge function to multiple plans and
analysis years:

1.

From the FDA main Window (see Chapter 2, Section 2.1, Figure
2.1, page 2.2), on the HydEng menu, click Stage-Discharge
Function with Uncertainty.

The Stage-Discharge Function with Uncertainty dialog box will
open (see Figure 6.1, page 6-1).

On the Edit menu (see Figure 6.1, page 6-1), click Global
Assignment Copy, the Global Assignment Copy dialog box will
open (see Figure 6.8, page 6-9).
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‘ﬁz Bear Creek - Plan Formulation - Globa Y ] |

Copy Stage-Discharge Szsignments

Fram: To
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Figure 6.8 Global Assignment Copy Dialog Box

The From box (Figure 6.8) is where you select the plan and
analysis year that includes the stage-discharge function you want to
assign. The To box is the plan and analysis year that you are going
to assign the stage-discharge function to. In the example (Figure
6.8), the stage-discharge function for the Without plan and 2009
analysis year, will be assigned to Plan 2 and both analysis years
(2009 and 2030). There is also an All options which allows you to
make assignments to all plans and all analysis years.

Once you have made your selections click Copy, a warning
message will appear asking you if this is really what you want to
do, click Yes, the warning message closes. Click Close, the Global
Assignment Copy dialog box will close (Figure 6.8). The
assignments are automatically saved.

To verify that the stage-discharge function assignments have been
made, you need to review the Stage-Discharge Function
Assignments report (see Section 6.8).

6.8 List of Stage-Discharge Function Assignments

To check to see if your assignments have been done and are correct, you
need to review the assignment report:

1.

o

From the FDA main Window (see Chapter 2, Section 2.1, Figure
2.1, page 2.2), on the HydEng menu, click Stage-Discharge
Function with Uncertainty.

The Stage-Discharge Function with Uncertainty dialog box will
open (see Figure 6.1, page 6-1).

On the View menu, click Stage-Discharge Function Assignments
the Stage-Discharge Function Assignments dialog box will open
(see Figure 6.9, page 6-10).

To print this report, on the File menu, click Print.

When you are finished reviewing the report, on the File menu, click
Close, the Stage-Discharge Function Assignments dialog box will
close (see Figure 6.9, page 6-10).
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6.9

=olx]
File “iew Help
Bear Creek - Plan Formulation
Stage-Discharge Function Assignments
Plan | Stream Damage Reach Stage-Discharge Stage-Discharge ;I
Marme “r'ear Mame Marne Mame Description
“wfithout 2009 SFaork Bear SF8 SF-8'0 Baseyr  Reach SF-8RAM 9.253/0 Project Base Year
SFork Bear  5F9 SF-9'%0 Baser Reach SF-9RM 10.124'/0 Project Base Year
2030  SFaork Bear SF8 SF-8'w0 Base'yr  Reach SF-8RM 9.253/0 Project Baze Year
S Fork Bear  5F-39 SF-9wW0 Baseyr  Reach SF-9RM 10124 /0 Project Base Year
Flan 1 2009 5 Fork Bear  SF8 5F-8 Planl Baze Reach SF-8 Ak 9.253 Plan] Base Year
S Fork Bear  SF8 SF-3Planl Baze Feach SF-3RAM 10.124 Plan1 Base Year
2030 5Fork Bear  SF-8 5F-8Planl Base Feach SF-8 RM 9.253 Planl Base Year
5 Fork Bear  5F-3 SF-3Flanl Base Feach SF-3RM 10124 Planl Base Year
Plan 2 2009 SFaork Bear SF8 SF-8'0 Baseyr  Reach SF-8RAM 9.253/0 Project Base Year
SFork Bear  5F9 SF-9'%0 Baser Reach SF-9RM 10.124'/0 Project Base Year
2030  SFaork Bear SF8 SF-8'w0 Base'yr  Reach SF-8RM 9.253/0 Project Baze Year
S Fork Bear  SF-39 SF-9'%0 Basevr  Reach SF-9RAM 10124 '%/0 Project Base Tear
Flan 3 2009 5 Fork Bear  SF8 5F-8 Planl Baze Reach SF-8 Ak 9.253 Plan] Base Year
S Fork Bear  SF8 SF-3Planl Baze Feach SF-3RAM 10.124 Plan1 Base Year
2030 5Fork Bear  SF-8 5F-8Planl Base Feach SF-8 RM 9.253 Planl Base Year
5 Fork Bear  5F3 SF-3Flanl Base Feach SF-3RM 10124 Plan1 Base Year =
L o
***** - & stage-discharge function has not been assigned for this plan/year/stieam/damage ieach combination.
- The stage-dizcharge function iz not comect. See Help for mare information on what could be wrong.

Figure 6.9 Stage-Discharge Function Assignments Dialog Box

Data Entry Variables for Stage-Discharge Functions

Plan Name: Select a previously defined plan name.
Stream Name: Select a previously defined stream name.
Analysis Year: Select a previously defined analysis year.
Damage Reach: Select a previously defined damage reach.

Stage-Discharge Function Name: Required name for the defined stage-
discharge function, which is used for subsequent data entry pick lists and
used on reports and plots. A new stage-discharge function can be added to
the database. An existing stage-discharge function can be copied,
updated, or deleted. The maximum length is 16 characters.

Stage-Discharge Function Description: Optional description of the
defined stage-discharge function, up to 64 characters.

Normal Distribution: A two-parameter probability distribution defined
by the mean and standard deviation. A symmetrical "bell shaped" curve
applicable to many kinds of data sets where values are equally likely to be
greater than or less than the mean. Also called a Gaussian distribution.
The distribution is truncated at three standard deviations.

Triangular Distribution: A three-parameter bounded probability
distribution defined by the minimum, most likely (mode), and maximum.

Log Normal Distribution: A two-parameter probability distribution
defined by the mean and standard deviation. A non-symmetrical
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distribution applicable to many kinds of data sets where the majority
(more than half) of values are less than the mean but values greater than
the mean can be extreme, such as with stream flow data. The distribution
is truncated at three standard deviations.

Discharge (Q): The volume of water passing a specific point for a given
time interval. For example, 2,000 cubic feet per second or 1,000 cubic
meters per second.

Stage: The vertical distance in feet (meters) above or below a local or
national datum (N.V.G.D. for elevations).
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CHAPTER 7

Levee Features

7.1 General

Levee Features,
is where you can
specify levee size
and failure
characteristics,
interior versus
exterior stage
relationships
associated with
the levee, or wave
overtopping
criteria.

Under Levee Features, you specify levee size and failure characteristics,
interior versus exterior stage relationships associated with the levee, or
wave overtopping criteria. The levee, floodwall, or tidal barrier
characteristics are entered and other relationships are defined depending
on whether the levee is subject to geotechnical failure or wave action
(overtopping) which may cause flooding.

.3; Bear Creek - Plan Formulation - Levee Features - 10| x|
Fil= Edit “iew Help

Plan: IF'Ian 2 j Stream: IS Fork Bear j

Analyziz Year I2E|DE| j Damage Reach: ISF'S j

Levee Mame: ISFUS 5-Ftw/all Use A Exnisting LBVBB' Save |

Diescription: |5-Ft Flood %fall in Feach SF-9 - Both Banks Cergd |

Top of Leves Stage: |430.00

'l EHteliUra’InteriorHelationship...lI_ Wave Dvertopping...l

[T Geotechnical Failure Analysiz |

Interior [Floodplain)
Exterior [River]

Figure 7.1 Levee Features Dialog Box

As can be seen on the Levee Features dialog box (Figure 7.1), other data
that describe the characteristics of levees and floodwalls and how they
affect flooding can be specified.

7.2 Creating a Levee

A levee or floodwall is defined by selecting the appropriate plan, analysis
year, stream and damage reach in the Levee Features dialog box (Figure
7.1). The stage of the top of the levee or floodwall at the damage reach
index location is entered in the Top of Levee Stage box (Figure 7.1). To
create a levee:
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1. From the FDA main window (see Chapter 2, Section 2.1, Figure
2.1, page 2-2), on the HydEng menu, click Levee Features.

2. The Levee Features dialog box will open (see Figure 7.1, page
7-1).

3. For each plan, analysis year, stream, and damage reach combination
a levee will be assigned; therefore, you need to a select the
appropriate plan from the Plan list, the appropriate analysis year
from the Analysis Year list, the appropriate stream from the
Stream list, and the appropriate damage reach from the Damage
Reach list (Figure 7.2).

Flat: IWithout j Chaar: IS Fork Bear j

Analyzis ear: |2009 j Damage Feach: ISF'8 j

Figure 7.2 Assignment Items for Levees

4. Enter a name (required) in the Levee Name box (see Figure 7.1,
page 7-1). The maximum length is sixteen (16) characters.

5. Enter a description (optional but recommended) in the Description
box (see Figure 7.1, page 7-1). The maximum length is sixty-four
(64) characters.

6. Enter the top of the levee (required) or floodwall in the Top of
Levee Stage box (see Figure 7.1, page 7-1).

7. Ifthere is a relationship between the exterior and interior water
surface stage at a levee, click Exterior/Interior Relationship (see
Figure 7.1, page 7-1) to define this relationship (see Section 7.2.1).

8. Another relationship, water surface stage on the river or exterior
side of the levee versus the probability of levee failure, can be
specified by clicking Geotechnical Failure Analysis (see Section
7.2.2, page 7-5).

9. To account for the effects of wave overtopping click Wave
Overtopping (see Section 7.2.3, page 7-7).

10. From the Levee Features dialog box (see Figure 7.1, page 7-1),
click Save, the levee is added, and assigned to the selected plan,
analysis year, stream, and damage reach.

11.  When you are finished with creating levees, from the Levee
Features dialog box (see Figure 7.1, page 7-1), on the File menu,
click Close.

7.2.1 Exterior-Interior Relationship

The exterior-interior relationship feature defines a relationship between
the water surface stage on the river or exterior side of the levee versus the
stage in the floodplain or interior side of the levee. This relationship is
necessary if the stage in the interior will not reach the same stage that is
overtopping the levee. This may be due to floods that result in stages near
the top of the levee overtopping as designed in a safe, controlled manner,
or a flood hydrograph volume not sufficient to fill the floodplain to the
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stage equal to the top of the levee. In either case, the relationship must be
developed from hydrologic or hydraulic analyses external to the FDA

A relationship program. If the relationship is not specified, the assumption is that the
between the water || floodplain fills to the stage in the river (represented by the exterior stage-
f#gfﬁ‘\’/eers?fe on discharge function for the reach) for all events that result in stages that
exterior side of cause levee failure or are above the top of levee.

the levee versus

the stage in the To enter an exterior/interior relationship:

floodplain or

interior side of the 1. From the FDA main window (see Chapter 2, Section 2.1, Figure
levee, is an .

exterior-interior 2.1, page 2-2), on the HydEng menu, click Leve_e Features.
relationship. 2. The Levee Features dialog box will open (see Figure 7.1, page

7-1) click Exterior/Interior Relationship.
3. The Exterior/Interior Relationship dialog box will open (Figure
7.3).

=10l x|

File Edit “iew Help
Mame: SFO8 5-Ft IE

Description; =-Ft Flaod Wallin REach SF-8, Bath Banks; Interiar / Exterior

Eutenor Stage [ft.] | Intenor Stage [ft.] |;|
470.00 466.00 _|
475.00 47200 S ave
476.00 473.00 -
477.00 476.00 LCancel

Flat...

Fl

Tabulate. ..

W00 = [ LD | —

ril

Figure 7.3 Exterior/Interior Relationship Dialog Box

-

4. To define the exterior/interior relationship, enter the exterior side of
the levee (water surface stage on the river) versus the interior side
of the levee (the stage in the floodplain).

5. Once you are finished entering the relationship, click Save, the
Exterior/Interior Relationship dialog box (Figure 7.3) will close.
This saves the relationship for the levee, but you must click Save
from the Levee Features dialog box (see Figure 7.1, page 7-1) to
save the entire levee definition.

Exterior-Interior Relationship Plot

To view an exterior-interior relationship graphically:

1. From the Exterior/Interior Relationship dialog box (Figure 7.3),
click Plot, or on the View menu, click Exterior/Interior Plot.
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2. The Exterior/Interior Relationship Plot dialog box will open

(Figure 7.4).
ﬁ; Exterior/Interior Relationship Plot - IEllll
File  Help
Bear Creek Other Examples
E sterior/Interior Stage Felationship Plot for SFOS 5-Ft IE
476
475
474
— 473
% 172
in 471
=t
T 470
=
483
4E7
4EE
470 471 472 473 474 475 476 477
Exterior Stage [ft.]

Figure 7.4 Exterior/Interior Relationship Plot Dialog Box

3. When you are finished reviewing the plot, on the File menu, click
Close, this will return you to the Exterior/Interior Relationship
dialog box (see Figure 7.3, page 7-3).

Exterior-Interior Relationship Report
To view an exterior-interior relationship report:

1. From the Exterior/Interior Relationship dialog box (see Figure
7.3, page 7-3), click Tabulate, or on the View menu, click
Exterior/Interior Report.

2. The Exterior/Interior Relationship Report dialog box will open
(Figure7.5).

ﬁ Exterior/Interior Relationship Repork - |EI|5|
File Help

Bear Creek Other Examples

E steriard|nterior Stage Fielationzhip Bepart for SFO8 5-Ft |E

E wterior Stage [ft.] | Inkerion Stage [ft.] |;|
470.00 466.00
475.00 472,00
476.00 473.00
477.00 476.00
Kl _'I_I

Figure 7.5 Exterior/Interior Relationship Report Dialog Box
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3. When you are finished reviewing the report, on the File menu, click
Close, this will return you to the Exterior/Interior Relationship
dialog box (see Figure 7.3, page 7-3).

7.2.2 Geotechnical Failure Analysis

Geotechnical
failure analysis is
the relationship
between water
surface stage on
the river or
exterior side of
the levee versus
the probability of
levee failure.
This feature is
used anytime the
structural
integrity of the
levee is in doubt,
i.e., anytime the
levee could fail
prior to being
overtopped.

A relationship between water surface stage on the river or exterior side of
the levee versus the probability of levee failure may be specified. This
feature is used anytime the structural integrity of the levee is in doubt, i.e.,
anytime the levee could fail prior to being overtopped. This is especially
the case for existing non-federal levees or older levees that may have
deteriorated and can no longer be assumed to hold water to the stage
initially intended. However, without the benefit of some sort of
geotechnical analysis, no levee should be assumed to be competent to the
top of levee. The geotechnical failure relationships are developed from
geotechnical analysis according to existing geotechnical guidance. The
geotechnical failure relationship is a combined probability of levee failure
relationship and includes failure modes such as under seepage, slope
stability, through seepage, surface erosion, etc. At this time, uncertainty
about the geotechnical failure relationship is not available.

To enter geotechnical failure:

1. From the FDA main window (see Chapter 2, Section 2.1, Figure
2.1, page 2-2), on the HydEng menu, click Levee Features.

2. The Levee Features dialog box will open (see Figure 7.1, page
7-1) click Geotechnical Failure Analysis.

3. The Geotechnical Failure Analysis dialog box will open (Figure
7.6).

Filel Ect
Cambined Conditional Probability of Failure

Pl

E sterior Stage [ft.] | Probabliity of Failure | - Save
1 474.00 0.00
P 474.20 0.15 Tabulate
3 474,60 0.z0 Plat
4 474,95 n.es
5 47500 1.00
E__
? -
K _>I_I

Figure 7.6 Geotechnical Failure Analysis Dialog Box

4. To define the geotechnical failure relationship enter the exterior
side of the levee (water surface stage on the river) versus the
probability of levee failure.

5. Once you are finished entering the relationship, click Save, the
Geotechnical Failure Analysis dialog box will close (Figure 7.6).
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Geotechn

This saves the relationship for the levee, but you must click Save
from the Levee Features dialog box (see Figure 7.1, page 7-1) to
save the entire levee definition.

ical Failure Analysis Plot

To view the geotechnical failure analysis graphically:

1.

2.

From the Geotechnical Failure Analysis dialog box (see Figure
7.6, page 7-5), click Plot.

The Geotechnical
Failure Analysis
Plot dialog box
will open (Figure
7.7).

When you are
finished reviewing
the plot, on the
File menu, click
Close, this will
return you to the

=lol x|

3; Geotechnical Failure Analysis Plot
File

Help

Geotechnical Failure Analysis Plot

1.0

o oo
17

n M

=

Probability of Failure:
[SRE= ==

e S

o = o
S S

4741 4742 4743 AT44 AFA5 4F4E 47T 4748 4743 4780
Exterior Stage [ft.)

Figure 7.7 Geotechnical Failure Analysis Plot
Dialog Box

Geotechnical
Failure Analysis
dialog box (see
Figure 7.6, page 7-5).

Geotechnical Failure Analysis Report

To view a geotechnical failure analysis report:

1.

2.

From the Geotechnical Failure Analysis dialog box (see Figure
7.6, page 7-5), click Tabulate.

The Geotechnical ol x|
Failure Analysis ™ **

Repo rt dlalog bOX Geatechnical Egﬂrgf::@usit:geiﬁmlf&us E-FtGEO

will open (Figure e | Frobabiiy o Falure =]

474.00
474.20
474.60
474.95
475.00

0.000
015

7.8).

When you are
finished reviewing
the report, on the
File menu, click

020
085
1.o0

v

=

Figure 7.8 Geotechnical Failure Analysis Report

Close, this will
Dialog Box

return you to the
Geotechnical Failure Analysis dialog box (see Figure 7.6, page
7-5)
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7.2.3 Wave Overtopping

Wave overtopping
analysis accounts
for effects of wave
overtopping when
analyzing levees,
floodwalls or tidal
barriers. A wave
height versus still
water stage
relationship is
specified.

7.3

7.4

Wave overtopping analysis accounts for effects of wave overtopping
when analyzing levees, floodwalls or tidal barriers. A wave height versus
still water stage relationship is specified. Still water stage corresponds to
the exterior stage-discharge or stage-frequency function specified for the
reach. The uncertainty of wave height is defined by specifying one of
several error distribution types. When a levee or floodwall is subjected to
wave action, a portion of the wave may overtop depending on whether the
wave strikes the structure. The volume of water that spills over the levee
or floodwall is dependent on the effective overtopping height. Wave
overtopping relationships may be used to account for these factors. A
relationship between effective overtopping height and resulting interior
stages can also be specified. These relationships are developed outside the
FDA program using wave overtopping analyses and overtopping volume
versus interior stage characteristics. Appendix D describes these concepts
and illustrates the wave overtopping data entry requirements in detail.

Delete a Levee

Since levees are assigned to a plan, analysis year, stream, and damage
reach, if you delete a levee you are deleting the assignment of that
particular levee from a plan, analysis year, stream, and damage reach. Any
levee that is assigned to only one plan, analysis year, stream, damage
reach, and then deleted, will be removed from the study. To delete a
levee:

1. From the FDA main window (see Chapter 2, Section 2.1, Figure
2.1, page 2-2), on the HydEng menu, click Levee Features.

2. The Levee Features dialog box will open (see Figure 7.1, page
7-1).

3. Select the appropriate plan, analysis year, stream, and damage
reach; this will give you the levee you wish to delete.

4. On the Edit menu, click Delete Assignment, a warning message
will appear asking you if you really wish to delete this levee, click
Yes. The levee is no longer assigned to the selected plan, analysis
year, stream, and damage reach.

5. When you are finished, on the File menu, click Close, the Levee
Features dialog box will close (see Figure 7.1, page 7-1).

List of Levees

To review the levees you have entered for your study, FDA provides a
report. To access the report do the following:
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1.  From the FDA main window (see Chapter 2, Section 2.1, Figure
2.1, page 2-2), on the HydEng menu, click Levee Features.

2. The Levee Features dialog box will open (see Figure 7.1, page
7-1).

3. Onthe View menu, click List of Levees, the List of Levees dialog
box will open (Figure 7.9).

=0l x|

File “iew Help

Bear Creek Other Examples
List of Levees

Top of Darmage Reach d
Mame Levee Stage Mame Stream Mame Description

Mew Floodwall 430,00 5F-3 5 Fork Bear
SFOS5FtIE 475.00 5F-3 5 Fork Bear 5-Ft Flood ‘wallin REach SF-8, Both Banks; Interior / Exterior
SF08 5Ft GED 475.00 5F-8 5 Fork Bear 5-Ft Floodwal in Reach 5F-8, Geotechnical Failure

o o

Figure 7.9 List of Levees Dialog Box

4. This report can be printed, on the File menu, click Print.
5. When you are finished reviewing this report, on the File menu,
click Close, the List of Levees dialog box will close (Figure 7.9).

7.5 Assigning an Existing Levee to a Different Plan,
Analysis Year, Stream, Damage Reach Combination

You can assign a levee to another plan, analysis year, stream, and damage
reach combination. There are two ways to accomplish this assignment.
The first way is to assign a levee individually:

1. From the FDA main window (see Chapter 2, Section 2.1, Figure
2.1, page 2-2), on the HydEng menu, click Levee Features.

2. The Levee Features dialog box will open (see Figure 7.1, page
7-1).

3. Select a plan, analysis year, stream, and damage reach that does not
have an assigned levee.

4. Either click Use an Existing Levee, or on the File menu, click Use
an Levee, either way, the Copy Levee dialog box will open (Figure

7.10). |

5. Based On the Mame I Description :I
SFO8 5-FtIE B-Ft Flood '/ all in RE ach SF-8. Both Banks: Interior / E sterior

Stream and SFO2 5-Ft GEO B-Ft Floodwall in Beach SF-8, Geatechnical Failure

damage reach _ILI

selected, FDA 14 I >

uses an ak. I Cancel I

a_utomated Figure 7.10 Copy Levee Dialog Box

filtering

system that will only provide a list of levees that are available for
the selected stream and damage reach. From the table select the
levee that you want to assign to the selected plan, analysis year,
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stream, and damage reach. Click OK, the Copy Levee dialog box
will close (see Figure 7.10, page 7-8).

From the Levee Features dialog box (see Figure 7.1, page 7-1)
click Save, this will save the assignment of the levee to the selected
plan, analysis year, stream, and damage reach.

You do not need to change the name of the levee unless you make
some other kind of change that is specific to that plan, analysis year,
stream, and damage reach.

The other way is to assign a levee to multiple plans and analysis years:

1.

2.

From the FDA main window (see Chapter 2, Section 2.1, Figure
2.1, page 2-2), on the HydEng menu, click Levee Features.
The Levee Features dialog box will open (see Figure 7.1,

page 7-1).

On the Edit menu, click Global Assignment Copy, the Global
Assignment Copy dialog box will open (Figure 7.11).

_ ol x|
Copy Leves Azsighments
Framm; T
Plar: fithout j Flan: Flan 1 j
Analyziz vear: IEDDE j Analyziz Year: 2030 j
Sheam: IS Fork Bear j
Copy I Cloge | Help |

Figure 7.11 Global Assignment Copy Dialog Box

The From box is where you select the plan and analysis year that
includes the levee you want to assign. The To box is the plan and
analysis year that you are going to assign the levee to. In the
example (Figure 7.11), the levee for the Without plan and 2009
analysis year, will be assigned to Plan 1 and analysis years 2030.
There is also an All option which allows you to make assignments
to all plans and all analysis years.

Once you have made your selections click Copy, a warning
message will appear asking you if this is really what you want to
do, click Yes, and the warning message closes. Click Close, the
Global Assignment Copy dialog box will close (Figure 7.11). The
assignments are automatically saved.

To verify that the levee assignments have been made, you need to
review the Levee Assignments report (see Section 7.6).

7-9



Chapter 7 — Levee Features

HEC-FDA Use

r's Manual

7.6 List of Levee Assignments

To check to see if your assignments have been done and are correct, you
need to review the assignment report:

1. From the FDA main window (see Chapter 2, Section 2.1, Figure
2.1, page 2-2), on the HydEng menu, click Levee Features.
2. The Levee Features dialog box will open (see Figure 7.1, page

7-1).

4. On the View menu, click Levee Assignments the Levee
Assignments dialog box will open (Figure 7.12).

ol
Eile  Yiew  Help
Bear Cieek Other Examples
Lewee Assignments
Plan Damage Reach d

Name “ear

Stream
Name

Name Leves Hame

Levee Description
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2030
Plan 2 2009
2030
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2030

New Plan 2003

2050

S Fork Bear
5 Fork Bear
S Fork Bear
S Fork Bear
5 Fork Bear
S Fork Bear
S Fork Bear
5 Fork Bear
S Fork Bear
S Fork Bear
S Fork Bear
S Fork Bear
5 Fork Bear
S Fork Bear
S Fork Bear
5 Fork Bear
S Fork Bear
S Fork Bear
5 Fork Bear
S Fork Bear

SF-8
SF4
SF-8
SF-9
SF8
SF-9
SF-8
SF4
SF-8
SF-9
SF-8
SF-9
SF8
SF-9
SF-8
SF4
SF-8
SF-9
SF8
SF-9

SFOBG-FLIE

Mew Floodwall
SFOB6-Ft GED
Mew Floodwall

New Floodwall

Mew Floodwall

5Ft Flood Wall in REach SF-8, Bath Banks: Interior / Exterior

5Ft Floodwall in Reach SF-8, Geatechnical Faiue

- & levee has not been assigned for this plan/year/stream/damage reach combination.

* - Thelevee iz not conect. See Help for mare information on what could be wrang.

Figure 7.12 Levee Assignments Dialog Box

5. To print this report, on the File menu, click Print.
6. When you are finished reviewing the report, on the File menu, click
Close, the Levee Assignments dialog box will close (Figure 7.12).

7.7 Data Entry Variables for Levee Features

Plan Name: Select a previously defined plan name.

Stream Name: Select a previously defined stream name.

Analysis Year: Select a previously defined analysis year.

Damage Reach: Select a previously defined damage reach.

Levee Name: Name (required) for the levee/floodwall for this plan,
analysis year, stream, and damage reach. Used for subsequent pick lists
and reports. A new levee can be added to the database. An existing levee
can be copied, updated, or deleted. The maximum length is 16 characters.
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Levee Description: Description of the defined levee, optional. The
maximum length is sixty-four (64) characters.

Top of Levee Stage: The stage (elevation) of the top of the levee at the
damage reach'’s index location (required).

Exterior Stage: The stream-side stage associated with water surface
profile stages at the damage reach index location. Used to define
relationships of interior stages and levee failure probabilities.

Interior Stage: The interior stage associated with the exterior stage that
is required when the levee overtops, but not enough flood volume is
available to equalize the interior stage with the exterior stage. A detailed
hydraulics analysis outside of FDA is required to determine the exterior-
interior relationship. The corresponding interior stage values are used for
the damage computations of the interior area.

Probability of Failure: The probability of the levee failing
geotechnically for a given exterior stage. The relationships require
detailed analyses outside of FDA. Failure is assumed to be the combined
conditional probability of failure from such causes as: piping, seepage, and
under seepage.

Still Water Stage: The stage corresponding to the exterior stage-
discharge or stage-probability function at the damage reach's index
location. Still water stage is associated with the wave height to determine
wave overtopping conditions and analyses.

Wave Height: Wave height is in feet (meters) and is associated with the
still water stage.

Wave Shape Factor: The ratio of the portion of the wave above the levee
or floodwall to the total wave height. It is determined by dividing the total
height by the wave run-up. The total height above the levee is determined
by subtracting the levee crest stage from the exterior stage with wave. The
wave run-up is assumed equal to two-thirds the wave height if the still
water stage alone exceeds to top-of-levee or to the full wave height if the
still water stage is below the top of the levee.
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CHAPTER 8

Economics

8.1 General

Economics is
where you
perform data
entry and
computations to
produce stage-
damage functions
with uncertainty
for flood damage
reduction.

Economics is where you perform data entry and computations to produce
stage-damage functions with uncertainty for flood damage reduction.
First, definition of Study Damage Categories for analysis and reports is
required. You may then enter the stage-damage functions with
uncertainty directly by damage category and damage reach. However, for
most studies, the functions are generated using the compute stage-damage
uncertainty option. This option requires conventional development of
structure inventories of structure attributes and specification of
uncertainties associated with key data. Water surface profiles, specified
under HydEng (see Chapter 4), are required to produce the stage damage
uncertainty functions by damage categories at the damage reach index
locations. This is performed by aggregating individual structure stage-
damage functions to the index location by adjusting for the slope in water
surface profiles. A detailed description of the methods described in this
chapter is found in Appendix F.

Structure information is entered under Structure Occupancy Type (see
Chapter 9) and Structure Inventory (see Chapter 11). Structure
Occupancy Type is a subcategory of a damage category (see Section 8.2,
page 8-3) and provides common information for similar structures.
Included are depth-percent damage and uncertainty functions for the
structure, contents, other; structure/content value and structure/other value
ratios; uncertainties for first floor stage, structure value, structure/content
value ratio, and structure/other value ratio. A structure is assigned to a
structure occupancy type. Structure inventory information includes the
structure name, description, stream, stream bank, stream station, structure
stages, structure and content values, addresses, coordinates, and other data.

The typical sequence you would follow in the economics section is:
1) Create damage categories, you must at least create one.

2) For each defined damage category, enter structures occupancy
types information. Structure occupancy types are not required.

3) Create structure modules and assign to a plan, analysis year
group.
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4) If you are using a structure inventory you need to enter the data
directly or import a structure inventory from an ASCII file.

5) Finally, you will manually enter, compute, or import stage-
damage functions into your study.

The dialog boxes you will use to input data for damage categories,
structure occupancy types, and structure modules have a common Menu
Bar. The Menu Bar contains the following common menus, for a
description of the Help menu see Chapter 2 (Section 2.4.8, page 2-12):

File  This menu is used for file management and contains the
following commands:

Add/Update: you either update (edit) an existing
economics data item (damage categories, structure
occupancy types, structure modules) information or add a
new economics data item to the study.

Close: close the open dialog box; if changes have not been
saved a warning message will appear.

Edit This menu is used for editing economics data items, traversing
the records in an economics data item list, creating economics
data items, and deleting economics data items. The commands
available are:

Cut/Copy/Paste: the standard cut/copy/paste commands

First Record: places you on the first record of the
economics data item list

Last Record: places you on the last record of the
economics data item list

Next Record: places you on the next record of the
economics data item list

Previous Record: places you on the previous record of the
economics data item list

New Record: creates a new economics data item record

Delete Record: deletes the selected economics data item
from the list

View This menu is used to review what economics data items have

been created for the study; there is only one command - List of
Economics Data Items.

Contents

e Damage Categories
e Import/Export
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8.2  Study Damage Categories

Damage categories
are used to
consolidate large
numbers of
structures into
specific categories
with similar
characteristics for
analysis and
reports. Typical
damage categories
include:
residential,
commercial,
industrial, open
space, and public
facilities.

Damage categories are used to consolidate large numbers of structures into
specific categories with similar characteristics for analysis and reports.
Typical damage categories include: residential, commercial, industrial,
open space, and public facilities. Several structure occupancy types,
discussed later, may be assigned to a study damage category. For
example, single family residential and apartments are structure occupancy
types (subcategories) assigned to the residential damage category. Figure
8.1 shows the Study Damage Categories dialog box.

File Edt “iew Help

D'amage Categary: I-"l'«F'T j Add

|AF‘AF|TMENTS Carcel |
| 1.00C

Description:

Price Indes:

PIRRREERN

Figure 8.1 Study Damage Categories Dialog Box

8.2.1 Defining Damage Categories

You should define enough damage categories (maximum of 20) to
facilitate detailed reporting. There is a minimal increase in computational
time for additional damage categories. The number of damage categories
should be sufficient to give enough detail but not too numerous to
complicate data management.

FDA calculates stage-damage on a structure-by-structure basis and
aggregates the results for each structure to the index location. The stage-
damage calculations for some categories of damage (emergency costs,
road damage, and automobile damage) normally do not use structure
inventory techniques. However, to include these damage categories in the
risk analysis, you may calculate the stage-aggregated damage with
uncertainty outside of FDA and enter the resulting stage-damage as a
"direct depth-dollar damage" function for a pseudo structure. Typically, a
pseudo structure is entered at the index location with either a pseudo first
floor stage or a first floor stage set to zero. The depth-dollar damage
function may be entered either using the normal depth-damage function or
an elevation-damage function. If elevations are used, then the first floor
stage is entered as zero (not blank).
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8.2.2 Create Damage Categories

To create damage categories:

1. From the FDA main window (see Chapter 2, Section 2.1, Figure
2.1, page 2-2), on the Economics menu, click Study Damage
Categories.

2. The Study Damage Categories dialog box will open (see Figure
8.1, page 8-3).

3. Type a name (required) in the Damage Category list. The
maximum length is sixteen (16) characters.

4. Type a description (optional but recommended) in the Description
box. The maximum length is sixty-four (64) characters.

5. The price index is used to update the monetary values of the
structures assigned to the damage category. It overwrites the global
price index value (default value) that was entered when the study
was created (see Chapter 2, Section 2.3.1, page 2-5). Type the price
index for the damage category in the Price Index box (see Figure
8.1, page 8-3).

5. Click Add, the damage category is added, and you can enter
additional damage categories if you wish.

6.  When you are finished with entering your damage categories, on the
File menu, click Close, the Study Damage Categories dialog box
will close (see Figure 8.1, page 8-3).

Additional ways to create damage categories are provided from the Study
Damage Categories dialog box (see Figure 8.1, page 8-3):

e On the Edit menu, click New Record, you can now enter a new
damage category from the Study Damage Categories dialog box
(see Figure 8.1, page 8-3).

_Or_

e From the Navigator Button (see Chapter 2, Section 2.4.4, page
2-10), click the center of the button; you can now enter a new
damage category from the Study Damage Categories dialog box
(see Figure 8.1, page 8-3).

8.2.3 Edit Damage Categories
Edit damage categories that have already been defined:

1. From the FDA main window (see Chapter 2, Section 2.1, Figure
2.1, page 2-2), on the Economics menu, click Study Damage
Categories.

2. The Study Damage Categories dialog box will open (see Figure
8.2, page 8-5).
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Fil=  Edit Wiew Help

Damage Categan: I.-’-‘«UTD j Update I
Description: I-"-\UTU DAMAGE Cancel |

Price Index: I 1.000

W] zas |ou]

Figure 8.2 Study Damage Categories Dialog Box - Update Button

3. From the Damage Category list see (Figure 8.1, page 8-3) select
the damage category you want to edit and make the necessary
updates.

4. Click Update, the changes are saved for the selected damage
category.

5. When you are finished with editing your damage categories, on the
File menu, click Close, the Study Damage Categories dialog box
will close (Figure 8.2).

8.2.4 Delete Damage Categories

Delete damage categories that have already been defined:

1. From the FDA main window (see Chapter 2, Section 2.1, Figure
2.1, page 2-2), on the Economics menu, click Study Damage
Categories.

2. The Study Damage Categories dialog box will open (Figure 8.2).

3. From the Damage Category list (Figure 8.2) select the damage
category you want to delete.

4. On the Edit menu, click Delete Record. A warning message will
appear asking you if you really want to delete the damage category.
Click Yes, the damage category will no longer be available.

5. When you are finished with deleting damage categories, on the File
menu, click Close, the Study Damage Categories dialog box will
close (Figure 8.2).

8.2.5 List of Damage Categories

To review the damage categories that you have entered for your study,
FDA provides a report. To access the report do the following:

1. From the FDA main window (see Chapter 2, Section 2.1, Figure
2.1, page 2-2), on the Economics menu, click Study Damage
Categories.
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2. The Study Damage Categories dialog box will open (see Figure
8.1, page 8-3).

3. On the View menu, click List of Damage Categories, the List of
Damage Categories dialog box will open (Figure 8.3).

=100 ]
File  “iew Help
Bear Creek - Plan Formulation
Lizt of Dnamage Categories
I arme | D ezcription | Price Index |ﬂ
APT APARTMEMNTS 1.00
AUTO AUTO DaMAGE 1.00
CORK COMMERCIAL STRUCTURES & COMTEMTS 1.00
PLEB PUBLIC STRUCTURES & CONTEMTS 1.00
RES SINGLE FAMILY RESIDEMTIAL 1.00
Kl _"I_I

Figure 8.3 List of Damage Categories Dialog Box

4. This report can be printed, on the File menu, click Print.

When you are finished reviewing this report, on the File menu,
click Close, the List of Damage Categories dialog box will close
(Figure 8.3).

e

8.2.6 Data Entry Variables for Damage Categories

Damage Category Name: Required name for the defined damage
category, which is used for subsequent data entry pick lists. Also used on
reports and plots. A new damage category name can be added to the
database. An existing damage category name can be selected, updated, or
deleted. The maximum length is 16 characters.

Damage Category Description: Optional description of the defined
damage category. The maximum length is 64 characters.

Price Index: Optional price index adjustment to damage values for this
category. The price index at the damage category level overrides the
global price index.




HEC-FDA User's Manual Chapter 8 - Economics

8.3  Import/Export Study Data

You may import old HEC-SID structure inventory information into HEC-
FDA using the Economic/Import menu. You may also import ASCII

* txt files from commercial spreadsheets and databases. You may also
export data to ASCII delimited text files for use in other software such as
spreadsheets or databases. Please see Appendix E for a more detailed
description of the procedures.

8.3.1 Import HEC-SID Structure Inventory

For details on the import requirements for an HEC-SID (Structure
Inventory for Damage Analysis) structure inventory see Appendix E,
From HEC-FDA Section E.4 (page E-20). If you have an HEC-SID data file that meets the

you can import requirements, from FDA do the following:
old HEC-SID
inventory 1. From the FDA main window (see Chapter 2, Section 2.1, Figure

information from 2.1, page 2-2), on the Economics menu, point to Import, click Old

HEC-SID input ;
files (*.s). See SID File. . ) .
Appendix E for 2. The Import Structure Inventory dialog box will open (Figure
further details 8.4).
x|

File Help

Stream Mame: I j

todule Marme: I b

Figure 8.4 Import Structure Inventory Dialog Box

3. From the Stream Name list (Figure 8.4) select the stream where the
structures are located.

4. From the Module Name list select the structure module that will be
associated with the structures.

5. Click Import, the Import Structure Inventory Data browser will
open (see Figure 8.5, page 8-8). By default the browser is looking
for SID input files (*.s). Select the appropriate file; click Open, the
Import Structure Inventory Data browser will close.

6. The program gives no indication that the import is being done, the
Import Structure Inventory Data dialog box (Figure 8.4) will
lose focus (title bar will become gray) when the import is finished.

7. On the File menu, click Close, the Import Structure Inventory
Data dialog box will close (Figure 8.4).
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Import Structure Inventory Data ﬂﬂ

Lk it I @' Dezktop

.DM';.-' Diocurnents
j My Compuker
!_,J My Mebwork Places
| Putty Connections
|)Win3CP Connections
LAlSID InputFile. s

File name: |SID_InputFiIe.s Open I
Files of hype: |S|D j Cahcel |

Figure 8.5 Import Structure Inventory Data Browser

8.3.2 Importing HEC-FDA Study Data

From HEC-FDA
you can import
FDA data from
ASCII delimited
files. By default,
FDA assumes an
ASCII tab
delimited file..

FDA imports data from a text file (*.txt) which contains delimited fields.
By default, FDA expects the fields to be separated by the tab character;
you can specify a different field separator. FDA requires a specific format
for this file, which is described in Appendix E. FDA will import the
following data: plans, analysis years, streams, damage reaches, damage
categories, structure occupancy types, structure modules, structures, water
surface profiles, exceedance probability (frequency) curves, stage-
discharge (rating curves), and levee data. To import FDA data:

1.

From the FDA main window (see Chapter 2, Section 2.1, Figure
2.1, page 2-2), on the EConomics menu, point to Import, click
ASCII Tab Delimited.

The Import Data dialog box x|
will open (Figure 8.6). By )

default the character separating | Import Options

fields in the file is a tab. From  |[_Field Separstars

the Import Data dialog box I Tab

you can select from a pre- [~ Semicalon

defined list, or enter your own I Comma

field separator by clicking [ Space

Other Character and entering 0 e e I—
a character in the Other

Character box. I™ Update Data
If you wish to update data that

is already included in the study, Import
click Update Data.
Click Import, the Import Figure 8.6 Import Data Dialog Box

Data browser will open (see
Figure 8.7, page 8-9).
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2| x|
Look in: I_} BearCreek. j 4= e B

[SRFDa_TmpartFile bxt
I'.;j Fda_Resulks.kxt
[Z] Foa_sdoptions. bxt

File: name: IFDA_Impu:urtFiIe.th Open I
Files of type: | Test [tab delimited) [*twt] | Cancel |

Figure 8.7 Import Data Browser

5. By default the browser is looking for text (tab delimited, *.txt) files.
Select the appropriate file; click Open, the Importing Data Status
dialog box will open (Figure 8.8).

ﬁ; Eear Creek - Plan Formulation - Importing Dak x|

Documentsihecfdatwersion_1. 44testdata\BearCreek \FDA_ImpartFile. bt ;I

35 Occupancy Types Imported.  Elapzed bne 00k 00m 01=,

1 Structures Imported.  Elapsed time 00k 00m 0732

200 Structures Imported. Elapsed time 00k 00m 02
Importing of Data was Successful

Cloze |

Figure 8.8 Importing Data Status Dialog Box

6. The Importing Data Status dialog box (Figure 8.8) will provide
information on the importing of the data. Once the import is
finished, the Importing Data Status dialog box will contain a
message "Importing of Data was Successful" and the Import Data
dialog box (see Figure 8.6, page 8-8) and the Import Structure
Inventory Data browser will close (Figure 8.7).

7.  After reviewing the information in the Importing Data Status
dialog box (Figure 8.8), click Close, the Importing Data Status
dialog will close, and your FDA study now contains data.

8.3.3 Exporting HEC-FDA Study Data

All FDA study data can be exported to a text file (*.txt) which contains
delimited fields. By default, FDA expects the fields to be separated by the
tab character; you can specify a different field separator. FDA will export
the following data: plans, analysis years, streams, damage reaches,
damage categories, structure occupancy types, structure modules,
structures, water surface profiles, exceedance probability (frequency)
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From HEC-FDA
you can export
most study data to
an ASCII text file.
By default, the file
is an ASCII tab
delimited file.

curves, stage-discharge (rating curves), and levee data. To export FDA

From the FDA main window (see Chapter 2, Section 2.1, Figure
2.1, page 2-2), on the Economics menu, click Export.
The Export Data dialog box will open (Figure 8.9).

x|
Export Field Separator(s] Export Options
* Tab ¥ Plans ¥ Damage Categroies ¥ ‘W ater Surface Profiles
" Semicolon v ‘ears ¥ Stucture Dccupancy Types [ Frequency Curves
= Comma v Streams ¥ Stucture Modules ™ |Rating Curves
{~ Space ¥ Damage Reaches W Stuctures I~ Levee Data
& Other Character: Ix
SelectAll | DesslectAl |

Figure 8.9 Export Data Dialog Box

By default the character separating fields in the file is a tab. From
the Export Data dialog box, from the Export Field Separator(s)
box (Figure 8.10) you can select from g ——]
a pre-defined list, or enter your own & Tab

field separator by clicking Other
Character and entering a character in
the Other Character box. " Comma

From the Export Options box ~ Space

(Figure 8.11) the user can select all  Other Character I—
FDA study data to be exported (click
Select All), or the user can select
individual data items to be exported. ~ Figure 8.10 Export Field
For example (Figure 8.11) if you only Separator(s) Box
wanted to export the structure inventory data, click Deselect All,
and then click Structures. Now the only data that will be exported
from the study would be the structure inventory.

" Semicolan

— E=part Options
[+ Planz [ Damage Categroies [+ water Surface Profiles
¥ “ears ¥ Structure Occupancy Tupes [T Frequency Curves
[ Streams ¥ Stucture Modules [~ Rating Curves
[¥ Damage Reaches ¥ Structures I~ Levee Data
SelectAl | Deselectal |

Figure 8.11 Export Options Box

Now that you are ready, click Export, the Export Data browser
will open (see Figure 8.12, page 8-10). FDA by default provides a
filename of FDA_ExportASCII.txt, you can change this name.
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2| x|
Sawe jr: I ) BearCreek, j - £ -

[Z] Fo&_ExportascIL bt
[Z] Fow_ImportFile. bt
El Fda_Resulks.bxt

[Z] Fow_Sdoptions.bxt

File nhame: FO2 Expart&SCIL E=h Save I
Save as type: | Test [tab delimited) [*txt] =l Cancel |

Figure 8.12 Export Data Browser

6. Click Save, the Exporting Data Status dialog box will open
(Figure 8.13).

ﬁ: Bear Creek - Plan Formulation - Exporting Data Skatus x|

[E xporting File - C:\Documents and Settingshqlhecprbiby ﬂ
Diocumentshhectdaiwersion_1. 44testdatat\BearCreek \FDA_E «porkaS Cl bt

Flat 4 of 4. 100.0% Camplete.

Year 2 of 2 100.0% Complete,

Stream 1 of 1. 100.0% Complete.

Reach 2 of 2. 100.0% Complete.

Damage Category 5 of B 100.0% Complete.

Occupancy Tvpe 1of 35 2.9% Complete.

Occupancy Type 10of 35, 28.6% Complete.  Estimated time remaining 00H 00m 00z,

Occupancy Type 35 of 35, 100.0% Complete.  Estimated time remaining 00k 00m 00z

Module 5 of 5. 100.0% Complete.

Structure 1 of 205, 0.5% Complete.

Structure 10 of 205, 4.9% Complete.  Estimated time remaining 00k 00m 00z

Structure 205 of 205, 100.0% Corplete.  Estimated time remaining 00k 00m 00z,

“Water Surface Profile Set 1 of 2. 50.0% Complete.

‘wiater Surface Profile Set 2 of 2. 100.0% Complete. —
Exporting of D ata was Successful j

Cloge |

Figure 8.13 Exporting Data Status Dialog Box

7. The Exporting Data Status dialog box (Figure 8.13) will provide
information on the exporting of the data. Once the export is
finished, the Exporting Data Status dialog box will contain a
message "Exporting of Data was Successful" and the Export Data
dialog box (see Figure 8.9, page 8-10) and the Export Structure
Inventory Data browser will close (Figure 8.12).

8.  After reviewing the information in the Exporting Data Status
dialog box (Figure 8.13), click Close, the Exporting Data Status
dialog will close, and your FDA study now contains data.
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CHAPTER9

Structure Occupancy Types

9.1 General

A structure
occupancy type
describes a class

single family, no
basement, raised
foundation, one
story).

of structures (e.g.

A structure occupancy type describes a class of structures (e.g. single
family, no basement, raised foundation, one story). Data entered for a
structure occupancy type is applied to all the structures assigned to that
structure occupancy type. Structures are assigned to an occupancy type in
the structure inventory editor (see Chapter 11).

Data entered in the structure occupancy type editor (Figure 9.1) include:
e The depth-percent damage functions (structure, content, and other);
e the content-to-structure value ratio — used to estimate the value of
contents based on a percentage of the value of the structure; and
e the uncertainties in the first floor elevation, value ratios (content to
structure, and other to structure), and the damage in the depth-
damage functions.

File Edit “iew Help

Darmage Categony: IAPT j

Structure Dccupancy Type: lA-DSNB j add

Description: IImportSID A15  AlC Cancel |

Define Depth-Percent Damage Function
’7|_ Structure. .. | r Cantent... | r Other... |

Content bo Structure Walue R atio [percent): I

Other to Structure Value R atio [percent): I

Define Uncertainty Parameters
Emor Azzociated \With:

I Firzt Floor Stage. . | I Cantent/Stuchure Yalue.. |

I Shructure Walue. . | r Other/Structure Yalue. .. |

M4 1e3 | ]m]

Figure 9.1 Study Structure Occupancy Types Dialog Box

Structure occupancy types are a subcategory of damage categories.
Several structure occupancy types can be assigned to a single damage
category. For example, single-story structures with no basements, single-
story structures with basements, mobile homes, and duplex apartments are
different structure occupancy types assigned to a residential damage
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category. Each occupancy type would have unique depth-damage
functions and uncertainty parameters.

Uncertainty or error distributions associated with estimating the depth-
damage functions, structure values, content value ratios, other value ratios
and first flood stage are used to develop the total aggregated stage-
damage-uncertainty functions by damage categories for the damage reach.
The uncertainty of each parameter may be defined using none (no
uncertainty), normal, triangular or log normal probability density
functions.

Defining Structure Occupancy Types

Structure occupancy types are defined by damage category, and the same
structure occupancy type cannot be used for different categories.
Structure occupancy types contain depth-damage functions where damage
is defined in percent of value (structure, content, and other). Structures
which have a direct depth-dollar damage function assigned to them have a
structure occupancy type with an FDA internally generated name. You
will not normally see the direct damage function occupancy types except
in the List of All Structure Occupancy Types dialog box (see Section
9.6, page 9-15). Although user-defined structure occupancy types can
apply to one structure, they normally represent a large class of structures
(i.e., one story, single family residential, wood frame construction, no
basement).

Create Structure Occupancy Types

To create a structure occupancy type:

1. From the HEC-FDA main window (see Chapter 2, Section 2.1,
Figure 2.1, page 2-2), on the Economics menu, click Study
Structure Occupancy Types.

2. The Study Structure Occupancy Types dialog box will open (see
Figure 9.1, page 9-1).

3. From the Damage Category list, select the damage category you
want to create a structure occupancy type for.

4. Type a name (required) in the Structure Occupancy Type list.
The maximum length is sixteen (16) characters.

5. Type a description (optional but recommended) in the Description
box. The maximum length is sixty-four (64) characters.

6. Enter the Structure, and/or Content, and/or Other depth-percent
damage function for the structure occupancy type. See Section
9.3.1 (page 9-3) for more detail on depth-percent damage functions.
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7. Enter the Content to Structure Value Ratio (see Figure 9.1, page
9-1), which represents the maximum content value divided by the
maximum structure value. This value is entered as a percentage and
is used to compute the content value from the structure value if a
content value is not specified in the structure inventory.

8. If you are computing damages to "other" (damage to landscape,
automobiles, etc), enter the Other to Structure Value Ratio,
which is the numeric value (in percent) that represents the
maximum "other" value divided by the maximum structure value.

9. From the Define Uncertainty Parameters box, you enter the
uncertainty or error distributions associated with estimating the first
floor stage (First Floor Stage), the structure value (Structure
Value), the content value ratios (Content/Structure Value), and
the other value ratios (Other/Structure Value).

10. Click Add, the structure occupancy type will be added to the study,
and you can enter additional structure occupancy types if necessary.

11.  When you are finished entering structure occupancy types, from the
File menu, click Close.

Additional ways to add new structure occupancy types are provided in the
Study Structure Occupancy Types dialog box (see Figure 9.1, page 9-1):

e From the Edit menu, click New Record, you can now enter a new
structure occupancy type from the Study Structure Occupancy
Types dialog box (see Figure 9.1, page 9-1).

_Or_

e From the Navigator Button (see Chapter 2, Section 2.4.4, page
2-10), click the center button; you can now enter a new structure
occupancy type from the Study Structure Occupancy Types
dialog box (see Figure 9.1, page 9-1).

9.3.1 Depth-Percent Damage Functions

Depth-percent
damage functions
represent the
damage caused to
a structure,
contents of a
structure, and
other for given
depths of flooding
at that structure.

Depth-percent damage functions represent the damage caused to a
structure, contents of a structure, and other for given depths of flooding at
that structure. The damage is based on a percentage of the total value of
the structure, content, and "other" respectively. The percent-damage is
multiplied by the structure value, content value, or "other" value to get a
unique depth-damage function at the structure. Other can be used to
compute damage for any other item not accounted for in structure value
and content value (i.e. automobiles, landscape).

Depth-percent damage functions should always contain a zero damage
depth, and negative depths are acceptable. The zero depth is assumed to
coincide with stage (elevation) of the first floor.
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In the cases where content or other values are not available, they can be
computed by FDA as a percentage of the total value of the structure. Enter
these ratios in the content to structure value ratio and the "other" to
structure value ratio boxes. The actual value of contents and other may be
entered for each structure in the structure inventory editor. Doing so will
override the value computed from the ratios contained in the structure
occupancy type.

The uncertainty associated with the depth-percent damage function is
entered by ordinates based on the specified distribution.

Structure

To enter a structure depth-percent damage function for a structure
occupancy type:

1.

From the FDA main window (see Chapter 2, Section 2.1, Figure
2.1, page 2-2), on the Economics menu, click Study Structure
Occupancy Types.

The Study Structure Occupancy Types dialog box will open (see
Figure 9.1, page 9-1).

From the Define Depth-Percent Damage Function box, click
Structure, the Depth-Percent Damage Function - Structure
dialog box will open (Figure 9.2).

Enter the depth_ 185 Bear Creek - Plan Formulation - Depth-Percent Damage Function - Structure
Fle Edit Wiew Help
percent damage Structure Dccupancy Type: A-OSME - STRUCTURE Plot
function ordinates Define Uneetanly ———————————
.  Nore (+ Momal ¢ Triangular ¢ Log Marmal Tabulate...
USIHg the Depth Depth Damage Standard Deviation | ;I
and Dam age i it.] — [Percent) = of Emar — J
-1.00 1.0 0.200
columns. =1 oo 50 3000
If you are entering [z 220 210 o
. d & | 300 270 5.400 Sz
uncertalnty ata, % ;Eg ;u g gggg o
select the [a | 500 400 8.000
. [0 | 700 420 8600
approprlate error [ 11 ] 800 440 8.800
.. . . 12 | a0 50 5000
distribution in the IEN 1000 0 -
] 5

Define
Uncertainty box
(Figure 9.2). The
proper columns for entering uncertainty parameters will be added to
the table depending on your choice.

To view a plot of the structure depth-percent damage function, click
Plot, or from the View menu click Depth-Percent Function Plot.
The Depth-Percent Damage Function Plot - Structure dialog box
will open (see Figure 9.3, page 9-5).

To view the data that composes the structure depth-percent damage
function in a tabular form, click Tabulate, or from the View menu

Figure 9.2 Depth-Percent Damage Function -
Structure Dialog Box
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_ﬁ; Depth-Percent Damage Plot — Ol x]
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Figure 9.3 Depth-Percent Damage Function Plot - Structure Dialog
Box

click Depth-Percent Function Report. The Depth-Percent
Damage Function Report - Structure dialog box will open
(Figure 9.4).

ﬁ: Depth-Percent Damage Function Report
Filz  Help
Bear Creek - Plan Formulation
Depth-Percent Damage Function Report for &-05HE - STRUCTURE
Error Limit Curves [Mormal ;I
Depth Damage Damage [Percent]
[it.) [Fercent] 25D | 15D | +15D | +25D
-2.00 0.00 0.00 0.00 0.00 0.00
-1.00 1.0 0.E 0.8 1.2 1.4
0,000 15.0 3.0 120 18.0 21.0
1.00 15.0 3.0 120 18.0 21.0
2.00 24.0 14.4 19.2 28.8 36
3.00 270 16.2 218 324 7.8
4.00 30.0 18.0 24.0 360 420
5.00 3.0 186 248 7.2 434
£.00 40.0 24.0 320 430 56.0
Z.00 430 258 344 51.6 0.2
8.00 440 26.4 K2 52.8 E1.6
9.00 450 270 380 54.0 g3.0
10.00 46.0 276 38 55.2 £4.4
11.00 47.0 282 376 56.4 B5.9
12.00 43.0 288 8.4 57.6 B7.2
13.00 430 294 392 58.9 B85
14.00 50.0 30.0 40.0 £0.0 00
T _’lJ
Figure 9.4 Depth-Percent Damage Function Report - Structure
Dialog Box

When you are finished defining the structure depth-percent damage
function, click Save. The Depth-Percent Damage Function -
Structure dialog box will close returning you to the Study
Structure Occupancy Types dialog box (see Figure 9.1, page 9-1).
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Content

To enter a content depth-percent damage function for a structure
occupancy type:

1.

From the FDA main window (see Chapter 2, Section 2.1, Figure
2.1, page 2-2), on the Economics menu, click Study Structure
Occupancy Types.

The Study Structure Occupancy Types dialog box will open (see
Figure 9.1, page 9-1).

From the Define Depth-Percent Damage Function dialog, click
Content, the Depth-Percent Damage Function - Content dialog
box will open (Figure 9.5).

-1l x|
Eile Edit “iew Help
Structure Occupancy Type: A-05SMB - COMTENT Plat |
Define Uncertainty
" Mone & Momal ¢ Triangular ¢ Log Momal Tabulate... |
Depth [ramage Standard Deviation ;I
[ft.] [Percent] of Error J
1 -1.00 0o 0.0a0
2 0.00 120 2.400
3 1.00 240 4.800
4 2.00 330 6600
5 3.00 380 7.000
B 4.00 370 7.400 Save |
7 5.00 41.0 8.200
C |
5 £.00 450 5,000 _ Comedl |
g 7.00 A0.0 10,000
10 2.00 550 11.000
11 9.00 E0.0 12.000
12
13 -
K 3

Figure 9.5 Depth-Percent Damage Function - Content Dialog Box

Enter the content depth-percent damage function ordinates in the
Depth and Damage columns.

If you are entering uncertainty data, click the appropriate error
distribution. The proper columns will be added to the table.

To view a plot of the content depth-percent damage function, click
Plot, or from the View menu click Depth-Percent Function Plot.
The Depth-Percent Damage Function Plot - Content dialog box
will open (see Figure 9.6, page 9-7).

To view your content depth-percent damage function in a tabular
form, click Tabulate, or from the View menu click Depth-Percent
Function Report. The Depth-Percent Damage Function Report
- Content dialog box will open (see Figure 9.7, page 9-7).

When you are finished defining the content depth-percent damage
function, click Save. The Depth-Percent Damage Function -
Content dialog box will close, returning you to the Study
Structure Occupancy Types dialog box (see Figure 9.1, page 9-1).
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RI=I
File  Help
Bear Creek - Plan Formulation
Depth-Percent Damage Function Plot for &-05ME - COMTENT
[Maormal]
50
/
20 —
70 -~
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5 2
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i ¢ L
20 L
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L]
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Depth [ft.]
[~— MedianDamage —=— +250 —+— +15D + 150 —+— 250

Figure 9.6 Depth-Percent Damage Function Plot - Content Dialog

Other

Box
'a; Depth-Percent Damage Function Report i ] 4]
File  Help
Bear Creek - Plan Formulation
Depth-Fercent D'amage Function Report for A-05MEB - CONTENT
Errar Limit Curves [Mormal] ;I
Depth Dlamage Damage [Percent)
1] [Percent) 25D | 15D | +1 50 | +2 5D
-1.00 0.00 0.00 0.00 0.00 0.00
0.000 120 72 96 14.4 16.8
1.00 240 14.4 159.2 288 336
200 330 19.8 264 396 4E.2
200 35.0 21.0 28.0 42.0 450
4.00 370 222 296 444 51.8
5.00 41.0 246 3248 432 57.4
.00 450 270 360 54.0 E3.0
7.00 50.0 300 40.0 £0.0 70.0
8.00 55.0 330 440 BE.0 770
9.00 £0.0 360 43.0 720 84.0
-
4] »
Figure 9.7 Depth-Percent Damage Function Report - Content
Dialog Box

To enter a depth-percent damage function for damageable property other
than the structure or contents of a building, use the "other" option:

1.  From the FDA main window (see Chapter 2, Section 2.1, Figure
2.1, page 2-2), on the Economics menu, click Study Structure
Occupancy Types.
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2. The Study Structure Occupancy Types dialog box will open (see
Figure 9.1, page 9-1).

3. From the Define Depth-Percent Damage Function box, click
Other, the Depth-Percent Damage Function - Other dialog box
will open (Figure 9.8).

4. Enter the other
depth-percent
damage ordinates
in the Depth and
Damage
columns.

5. Ifyouare
entering
uncertainty data,
select the
appropriate error
distribution. The
proper columns
will be added to
the table for

ﬁ; Silver Creek - Depth-Percent Damage Function - Dther,
File Edit “iew Help

Structure Dccupancy Type: Sk 'Willn - OTHER

Define Uncertainty

" Mone " Momal @+ Triangular  Log Maomal

= [=]

Flat |
Tabulate |

Depth
(ft.]

Damage
[Percent]

Minimum
[amage [percent]

-1.00
oo
1.00
200
5.00

10,00
16.00
2000

|m|m |\‘ |m |m |& |LlJ |M|_‘

=

[

w

-

0.000
1.400
3500
10,500
36.000
56000
E3.000
EE.500

B
]

Save |
Cancel |

o

Figure 9.8 Depth-Percent Damage Function - Other
Dialog Box

entering the uncertainty information.
6. To view a plot of your other depth-percent damage function, click
Plot, or from the View menu click Depth-Percent Function Plot.
The Depth-Percent Damage Function Plot - Other dialog box
will open (Figure 9.9).

2‘ Depth-Percent Damage Plot =] 3]
File  Help
Silver Creek
Depth-Percent Damage Function Plot for Sirl Willn - OTHER
[Triatigular]
70
E0 - o ===t
d__ﬂ___o-—"‘ﬂf' R I —

50 ] 4
=3 LT I B e 3
E L i
o | —
5 40 i
o= -
=, L My
% Al
=
m
f=1 f/ L

s
20

Depth [ft.]

4 5 6 F 8 9 10 11 12 13 14 15 16 17 18 13 20

—+— Median Damage
+ 757 Limit

—=—  B% Limit
—#%— 5953 Limit

——  25% Limit

Figure 9.9 Depth-Percent Damage Function Plot - Other Dialog Box
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7. To view the data of your other depth-percent damage function in a
tabular form, click Tabulate, or from the View menu click Depth-
Percent Function Report. The Depth-Percent Damage Function
Report - Other dialog box will open (Figure 9.10).

=]
File  Help
Silver Creek.
Depth-Percent Dramage Function Report for Sirl 'wiln - OTHER
Error Limit Curves [Tristgular] ﬂ
Depth Damage D amage [Percent]
Iit.) [Percent] 250 | 15D | +1 5D | +25D

-1.00 0.00 0.00 0.00 0.00 0.00

0.0o0 10 049 1.0 12 1.3

1.00 25 2.2 24 24 32

2.00 7h EE 73 a7 a7

5.00 250 219 243 289 323

10,00 40.0 351 389 48,2 51.6

15.00 450 345 438 52.0 58.1

20.00 475 1.7 4E.2 54.9 B1.3
< LIJ

Figure 9.10 Depth-Percent Damage Function Report - Other Dialog
Box

8.  When you are finished defining the "other" depth-percent damage
function, click Save. The Depth-Percent Damage Function —
Other dialog box will close (see Figure 9.8, page 9-8) returning you
to the Study Structure Occupancy Types dialog box (see Figure
9.1, page 9-1).

9.3.2 Content to Structure Value Ratio

The content to
structure value
ratio is the
numeric value, in
percent, that
represents the
content value
divided by the
structure value
for a particular
structure
occupancy type.

The content to structure value ratio is the numeric value, in percent, that
represents the content value divided by the structure value for a particular
structure occupancy type. It is used to estimate total content value if the
structure inventory does not include content value information. The
computed content value is then used to proportion the contents depth-
percent damage function.

The actual value of contents may be entered for each structure in the
structure inventory editor. Doing so will override the value computed
from the ratios contained in the structure occupancy type. Enter the ratio
as a whole number (i.e. enter 50 for a ratio of 50%).

EGM 04-01 contains generic depth-damage relationships that can be
applied in the absence of regionally developed relationships. The content
damage relationships in EGM 04-01 represent a percentage of structure
value, not content value. Therefore, when using the content damage
relationships from EGM 04-01, enter a value of 100 (100%) as the content
to structure value ratio in FDA. The program will still compute content
damage as a percentage of content value. However, since the content
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value is equal to structure value, the result is that content damage becomes
a percentage of structure value.

9.3.3 Other to Structure Value Ratio

The other to
structure value
ratio is the
numeric value, in
percent, that
represents the
maximum other
value divided by
the maximum
structure value
for a particular
structure
occupancy type.

The other to structure value ratio is the numeric value, in percent, that
represents the maximum other value divided by the maximum structure
value for a particular structure occupancy type. It is used to estimate total
value of the property represented by other if the structure inventory does
not include other value information. The computed value is then used to
proportion the other depth-percent damage function.

The actual value of other may be entered for each structure in the structure
inventory editor. Doing so will override the value computed from the
ratios contained in the structure occupancy type. Enter the ratio as a
whole number (i.e. enter 50 for a ratio of 50%).

9.3.4 Define Uncertainty Parameters

Uncertainty, or error distributions, associated with estimating the depth-
damage functions, structure values, content value ratios, other value ratios
and first flood stage are used to develop the total aggregated stage-
damage-uncertainty functions by damage categories for a damage reach.
The uncertainty of each parameter may be defined using none (no
uncertainty), normal, triangular or log normal probability density
functions.

First Floor Stage

The standard deviation in feet (meters) of the uncertainty in the first floor
stage estimate of a particular structure occupancy type. This value is
based on the procedures/type of surveys used to estimate the first floor
stage. Values illustrated in Table 9.1 (page 9-11) can be used as a guide.

To enter the error associated with the first floor stage:

1. From the FDA main window (see Chapter 2, Section 2.1, Figure
2.1, page 2-2), on the Economics menu, click Study Structure
Occupancy Types.

2. The Study Structure Occupancy Types dialog box will open (see
Figure 9.1, page 9-1).

3. Click First Floor Stage. The Error Associated with First Floor
Stage dialog box will open (see Figure 9.11, page 9-11).
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Table 9.1
Uncertainty Based on Measurement Methods

Contour Error Standard
Method Interval (ft) Deviation
(ft) (ft)
Field survey
Hand level NA +0.2 @50 0.1
Stadia NA + 0.4 @ 500° 0.2
Conventional level NA +0.05 @ 800’ 0.03
Automatic level NA +0.03 @ 800’ 0.02
Aerial survey
2’ +0.59 0.3
5’ +1.18 0.6
10° +2.94 1.5
Topographic map
2’ +1.18 0.6
5 +2.94 1.5
10° +5.88 3

4. Select the appropriate distribution from the Distribution Type
group.

Structure Occupancy Type: A-0SMB

Diistribution Type
(" Maone & Momal £ Trangular  Log Norma

First Floor Stage Error (stdev ft] |0.200

[ ]

Canicel |

Help |

Figure 9.11 Error Associated with First Floor Stage Dialog Box

5. Enter the appropriate value(s) in the First Floor Stage Error box

(Figure 9.11).

6. Click OK, the Error Associated with First Floor Stage dialog box
will close, and return you to the Study Structure Occupancy
Types dialog box (see Figure 9.1, page 9-1).

7. The checkbox next to First Floor Stage will be selected.

Structure Value

The error associated with structure value is entered as the standard
deviation, in percent of structure value, associated with the uncertainty in
the structure value estimate for a particular structure occupancy type.

To enter the error associated with the structure value:
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9]

From the FDA main window (see Chapter 2, Section 2.1, Figure
2.1, page 2-2), on the Economics menu, click Study Structure
Occupancy Types.

The Study Structure Occupancy Types dialog box will open (see
Figure 9.1, page 9-1).

Click Structure Value; the Error Associated with Structure
Value dialog box will open (Figure 9.12).

2: Bear Creek - Plan Formulation - Error Associated wi x|

Structure Occupancy Type: A-05HEB

Distribution Tepe
= Mone & Momal ¢ Trangular € Log Norma

Structure Yalue Error [stdev in percent] | 10.000

QK I Cancel | Help |

Figure 9.12 Error Associated with Structure Value Dialog Box

Select the appropriate distribution from the Distribution Type
group.

Enter the appropriate value(s) in the Structure Value Error box.
Click OK, the Error Associated with Structure Value dialog box
will close, and return you to the Study Structure Occupancy
Types dialog box (see Figure 9.1, page 9-1).

The checkbox next to Structure Value will be selected.

Content/Structure Value

The standard deviation is a percent of the content to structure value ratio.
It is associated with the error in estimating the ratio. For example, for a
content to structure value ratio of fifty percent, an entered standard
deviation of ten (10) percent would mean that the plus/minus one standard
deviation range is forty-five to fifty-five percent. Leave the
Content/Structure value blank when using the generic content depth-
damage relationships from EGM 04-01.

To enter the error associated with the content/structure value:

1.

From the FDA main window (see Chapter 2, Section 2.1, Figure
2.1, page 2-2), on the Economics menu, click Study Structure
Occupancy Types.

The Study Structure Occupancy Types dialog box will open (see
Figure 9.1, page 9-1).

Click Content/Structure Value; the Error Associated with
Content/Structure Value dialog box will open (see Figure 9.13,
page 9-13).
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Structure Occupancy Tepe: A-O5SMEB

Distribution Type
= MNone & Marmal ¢ Trangular © Log Marmal

Stiucture “alue Ratio Errar [stdev in percent increment] | 40.000

ok I Cancel I Help |

Figure 9.13 Error Associated with Content/Structure Value Dialog Box

4.  Select the appropriate distribution type from the Distribution Type
group.

5. Enter the appropriate value(s) in the Content/Structure Value
Error box.

6. Click OK, the Error Associated with Content/Structure Value
dialog box will close, and return you to the Study Structure
Occupancy Types dialog box (see Figure 9.1, page 9-1).

7. The checkbox next to Content/Structure Value will be selected.

Other/Structure Value

The standard deviation is a percent of the "other" to structure value ratio.
It is associated with the error in estimating the ratio. For example, for a
"other" to structure value ratio of fifty percent, an entered standard
deviation of ten (10) percent would mean that the plus/minus one standard
deviation range is forty-five to fifty-five percent.

To enter the error associated with the other/structure value:

1. From the FDA main window (see Chapter 2, Section 2.1, Figure
2.1, page 2-2), on the Economics menu, click Study Structure
Occupancy Types.

2. The Study Structure Occupancy Types dialog box will open (see
Figure 9.1, page 9-1).

3. Click Other/Structure Value; the Error Associated with
Other/Structure Value dialog box will open (Figure 9.14).

ﬁ; Silver Creek - Error Associated with Other /Structure |

Structure Occupancy Twpe: S 'Willn

Distribution Type
" Mone  Momal ¢ Trangular ¢ Log Marma

Dther/Structure Walue Ratio Errar [stdey in percent increment] |0.000

Ok I Cancel I Help |

Figure 9.14 Error Associated with Other/Structure Value Dialog Box
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4. If there is uncertainty associated with the other/structure value,
from the Distribution Type group select the appropriate
distribution type.

5. Enter the appropriate value(s) in the Other/Structure Value Error
box.

6. Click OK, the Error Associated with Other/Structure Value
dialog box will close, and return the user to the Study Structure
Occupancy Types dialog box (see Figure 9.1, page 9-1).

7. The checkbox next to Other/Structure Value will be selected.

9.4  Edit Structure Occupancy Types
To edit structure occupancy types that have already been defined:

1. From the FDA main window (see Chapter 2, Section 2.1, Figure
2.1, page 2-2), on the Economics menu, click Study Structure
Occupancy Types.

2. The Study Structure Occupancy Types dialog box will open (see
Figure 9.1, page 9-1).

3. From the Damage Category list, select the damage category that
contains the structure occupancy type you want to edit.

4. From the Structure Occupancy Type list, select the structure
occupancy type you want to edit and make the necessary updates.

5. All of the items in Section 9.2 (page 9-2) can be edited for each
defined structure occupancy type.

6. Click Update (Figure 9.15), the changes are saved for the selected
structure occupancy type.

ﬁ: Bear Creek - Plan Formulation - Study Structure Occupancy Types
File Edit View Help

[Damage Categon: I-‘b‘PT j

Structure Decupancy Tupe: I.ﬁ.-DSNB j Update |
Deszcriphion; IImportSID AlS AlC LCancel |

Define Depth-Percent Damage Function
’]7 Structure. . | I~ Cantert... | I Other... |

Content to Struchure Walue Ratio [percent); I 50.000

Other to Structure Yalue R atio [percent]: I

Define Uncertainty Parameters
Ermor Associated With:

v First Floor Stage. . | v ContertStructure Yalue. . |

i~ Structure Yalie. | I OtherStuctune Yalue, |

W _as D
Figure 9.15 Study Structure Occupancy Types Dialog Box - Update
Button
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7.

When you are finished editing the occupancy type, from the File
menu, click Close.

9.5 Delete Structure Occupancy Types

To delete a structure occupancy type that has already been defined:

1.

From the FDA main window (see Chapter 2, Section 2.1, Figure
2.1, page 2-2), on the Economics menu, click Study Structure
Occupancy Types.

The Study Structure Occupancy Types dialog box will open (see
Figure 9.1, page 9-1).

From the Damage Category list, select the damage category that
contains the structure occupancy type that you want to delete.
From the Structure Occupancy Type list select the structure
occupancy type you want to delete.

From the Edit menu, click Delete Record. A warning message will
appear asking if you really want to delete the structure occupancy
type. Click Yes, the structure occupancy type will no longer be
available.

When you are finished with deleting structure occupancy types,
from the File menu, click Close.

9.6 List of All Structure Occupancy Types

To review the structure occupancy types that you entered for a study,
HEC-FDA provides a report. To access the report:

1.

e

From the FDA main window (see Chapter 2, Section 2.1, Figure
2.1, page 2-2), on the Economics menu, click Study Structure
Occupancy Types.

The Study Structure Occupancy Types dialog box will open (see
Figure 9.1, page 9-1).

From the View menu, click List of All Structure Occupancy
Types, the List of All Structure Occupancy Types dialog box will
open (see Figure 9.16, page 9-16).

To print this report, from the File menu, click Print.

When you are finished reviewing this report, from the File menu,
click Close.
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9.7
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Figure 9.16 List of All Structure Occupancy Types Dialog Box

Description of Structure Occupancy Type Data Entry
Variables

Damage Category Name: A previously defined damage category name.
You must select a damage category before proceeding with the structure
occupancy type dialog.

Structure Occupancy Type: Required name given to a similar set of
structures that is used to define the depth-percent damage function(s) and
first floor, structure value, content/structure value ratio and other/structure
value ratio uncertainty of the type of structures. An existing structure
occupancy type can be selected, updated, or deleted. The maximum
length is sixteen (16) characters.

Structure Occupancy Description: Optional description of the defined
structure occupancy type, up to sixty-four (64) characters.

Depth-percent Damage Function: Depth-percent damage functions
define the percent of the structure damaged for a range of flood stages at a
structure. The percent-damage is multiplied by the structure value to get a
unique depth-damage function at the structure. The zero depth is assumed
to coincide with stage (elevation) of the first floor. Separate depth-percent
damage functions for contents and "other" may be developed in a similar
manner. Contents and other damage may also be based on the content to
structure value ratio and the other to structure value ratio. The uncertainty
associated with the depth-percent damage function is entered by ordinates
based on the type of distribution specified.
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Content to Structure Value Ratio: The numeric value in percent that
represents the maximum content value divided by the maximum structure
value for a particular structure occupancy type. It is used to compute the
content value from the structure value if content value does not exist for
individual structures in the structure inventory.

Other to Structure Value Ratio: The numeric value in percent that
represents the maximum other value (damage to landscape, etc) divided by
the maximum structure value for a particular structure occupancy type. It
is used to compute the other value from the structure value if the other
value does not exist for individual structures in the structure inventory.

Error Associated With: First Floor Stage: The standard deviation in
feet (meters) of the uncertainty in the first floor stage estimate of a
particular structure occupancy type. Based on the procedures/type of
surveys used to estimate the first floor stage.

Error Associated With: Structure Value: The standard deviation in
percent of structure value associated with the uncertainty in the structure
value estimate for a particular structure occupancy type.

Error Associated With: Content/Structure Value: The standard
deviation is a percent of the content to structure value ratio. It is
associated with the error in estimating the ratio. For example, for a
content to structure value ratio of fifty percent, an entered standard
deviation of ten (10) percent would mean that the plus/minus one standard
deviation range is forty-five to fifty-five percent.

Error Associated With: Other/Structure Value Ratio: The standard
deviation is a percent of the other to structure value ratio. It is associated
with the error in estimating the ratio. For example, for a other to structure
value ratio of fifty percent, an entered standard deviation of ten (10)
percent would mean that the plus/minus one standard deviation range is
forty-five to fifty-five percent.

9.8 References

EGM 04-01
Generic Depth-Damage Relationships for Residential Structures with
Basements. CECW-PG. 10 October 2003.
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CHAPTER 10

Structure Modules

10.1 General

The purpose of
structure modules
is to allow you to
vary one or more
structure
characteristics by
plan and year or
to include or
exclude one or
more structures
from a plan/year.

The purpose of structure modules is to allow you to vary one or more
structure characteristics by plan and year or to include or exclude one or
more structures from a plan/year. For example, you may have a couple of
different development scenarios you want to analyze. What is the
potential damage if development A is built by the most likely future year
versus what is it if development B is built? In this instance, your base year
would contain neither development A nor development B structures, only
structures that exist at the base year. For the most likely future year and
plan "Development A", you would add in those structures associated with
"Development A". For the most likely future year and plan "Development
B", you would add in those structures associated with "Development B"
but not those for "Development A". To allow the selection of structures in
"Develop A" and "Develop B", those structures are assigned to different
structure modules than those that exist at the base year.

Another example of varying structure characteristics by plan and year is
the case of various proposed levee alignments. For each levee alignment,
a different number of structures would be protected by the levee. In
HEC-FDA, a damage reach that contains a levee protects all structures in
the reach. Thus, if you have different levee alignments, some structures
are protected in one plan but not in the next. That requires you to change
the damage reach that a structure belongs to as a function of the flood
damage reduction plan.

Other examples include analyzing flood proofing (zero damage point
changes and/or depth-damage function and or first floor stage changes),
flood warning (depth-damage function changes), etc. If you do not need
to change any of your structure’s characteristics by plan or year or do not
need to include or exclude a structure by plan/year, you can accept default
values and virtually ignore structure modules.

Structure modules require definition in three areas:

1. the structure module name,

2. the structure module assignment (assign one or more structure
modules to each plan/year), and

3. assign each structure to one structure module
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When a new study is created, the module "Base" is always created and any
new structure added to the structure inventory is assigned the "Base"
module. Also, when new plans and years are added, the "Base" module is
always assigned to that plan / year. At structure entry, you may assign any
existing module to that structure. Each structure must have a unique
structure name. Thus, if the same structure is present in more than one
module and you want the characteristics of that structure to change, you
will have to enter it twice with different names.

For example, structure 234 is an existing structure and one of your plans is
to raise the structure by two feet, you would enter structure 234 twice.
First, enter it as structure 234 with its present first floor elevation and
assign it to the No Raise structure module. Then, enter the same structure
with a first floor elevation two feet higher, assign it the name 234_R2, and
assign it to the structure module Raise 2FT. Both the Base and NoRaise
structures modules are assigned to the Without Plan and both the Base and
Raise 2FT structure modules are assigned to the With Plan. Notice that
structure 234 cannot be assigned to the Base structure module because the
Base structure module is used for the With Plan. If you assigned structure
234 to the Base structure module, it would be included twice in the With
Plan because both structure modules (Base and Raise 2FT) are assigned to
the With Plan.

Figure 10.1 shows the basic data entry dialog box for Structure Module.
The structure modules are required if structure inventories are to be
performed. The definition of the structure modules must be defined prior
to development of the structure inventories. The default module is the

=lal x|

File Edit “iew Help

Structure Module M ame: IBEISE j pdate I
Description: IDefauIt module, normally for existing structures Canzel |

W] a5 [o]n

Figure 10.1 Structure Module Dialog Box

"Base" module normally containing existing structures or structures
associated with the without-project base year condition. Plans associated
with various future conditions will normally have different modules for
the future year structures. This enables analysis of alternative future
development, such as those considering the Federal Emergency
Management Association’s regulatory program. Table 10.1 (page 10-3)
shows an example of possible structure modules used for perhaps
thousands of structures. (Note: Each structure has a “year in place”
parameter that allows you to define when a structure goes into the
floodplain. It may be used in place of structure modules to control
calculations for future development.)
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Table 10.1
Structure Inventory Module Concepts
Plan
Description Base Year 2009 Most Likely Future 2030

BASE MODULE + FUTURE A MODULE
Without Project | BASE MODULE | (Adjusted for Regulation program w/o
project.)

BASE MODULE + FUTURE B MODULE
Levee Project BASE MODULE | (Adjusted for Regulatory program
development w/Levee.)

BASE MODULE + FUTURE C MODULE
Channel Project | BASE MODULE | (Adjusted by Regulatory program
development w/channel.)

10.2 Create Structure Modules

By default, the Base structure module always exists. If you need additional
structures modules, it is best to add those to the study before adding
structures. To create a structure module:

1. From the FDA main window (see Chapter 2, Section 2.1, Figure
2.1, page 2-2), on the Economics menu, click Structure Modules.
2. The Structure Module dialog box will open (Figure 10.2).

=lol x|

Fil=  Edit Wiew Help

Structure Module Name: I j fdd
Description: I LCancel |

PIRIRREIR

Figure 10.2 Structure Module Dialog Box - Add Button

3. The Base structure module has already been defined. There are two
ways to add another structure module:
e From the Edit menu, click New Record, you can now
enter a new structure module from the Structure
Module dialog box (Figure 10.2).
_Or_
e From the Navigator Button (see Chapter 2, Section
2.4.4, page 2-10), click the center of the button; you can
now enter a new structure module from the Structure
Module dialog box (Figure 10.2).
4. Type a name (required) in the Structure Module Name list. The
maximum length is sixteen (16) characters.
5. Type a description (optional but recommended) in the Description
box. The maximum length is sixty-four (64) characters.

10-3



Chapter 10 — Structure Modules HEC-FDA User's Manual

6. Click Add, the structure module is added, and you can enter
additional structure modules if you wish.

7. When you are finished with entering your structure modules, from
the File menu, click Close.

10.3 Edit Structure Modules

Edit structure modules that have already been defined:

1. From the FDA main window (see Chapter 2, Section 2.1, Figure
2.1, page 2-2), on the Economics menu, click Structure Modules.
2. The Structure Modules dialog box will open (Figure 10.3).

=0l x|

File Edit Yiew Help

Structure Module Mame: IFUlUfB 203, j

D escription: I.&diusted for Regulation program w'o project Camzal

Wl 2us |o|n

Figure 10.3 Structure Module Dialog Box - Update Button

3. From the Structure Module list select the structure module you
want to edit and make the necessary updates.

4. Click Update (Figure 10.3), the changes are saved for the selected
structure module.

5. When you are finished with editing your structure modules, from
the File menu, click Close.

10.4 Delete Structure Modules

Delete structure modules that have already been defined:

1. From the FDA main window (see Chapter 2, Section 2.1, Figure
2.1, page 2-2), on the Economics menu, click Structure Modules.

2. The Structure Module dialog box will open (Figure 10.3).

3. From the Structure Module Name list select the structure module
you want to delete.

4. From the Edit menu, click Delete Record. A warning message will
appear asking you if you really want to delete the structure module.
Click Yes, the structure module will no longer be available.

5. When you are finished with deleting structure modules, from the
File menu, click Close.
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10.5 List of Structure Modules

To review the structure modules that you have entered for your study,
FDA provides a report. To access the report do the following:

1. From the FDA main window (see Chapter 2, Section 2.1, Figure
2.1, page 2-2), on the Economics menu, click Structure Modules.

2. The Structure Module dialog box will open (see Figure 10.3, page
10-4).

3. From the View menu, click List of Structure Modules, the List of
Structure Modules dialog box will open (Figure 10.4).

=10 =]
File  “iew Help
Bear Creck - Plan Fomulation
List of Structure Modules

Mame | Description ;I
Base Default module, normally for existing structures
Fuiture & Adjusted for Regulation program w/o project
Future B Adjusted for requlatory program development wilevee
Future C Adiusted by requlatary program developrent wichannel
Future D Adjusted by requlatory program development w/channel & leves

-
1] | »

Figure 10.4 List of Structure Modules Dialog Box

4. This report can be printed, from the File menu, click Print.
5. When you are finished reviewing this report, from the File menu,
click Close.

10.6 Creating Structure Module Assignments

By default, the Base structure module is assigned to all defined years and
plans. To assign user defined structure modules do the following:

1. From the FDA main window (see Chapter 2, Section 2.1, Figure
2.1, page 2-2), on the Economics menu, click Structure Modules.

2 . The StI’UCtU re ,ﬁ; Bear Creek - Plan Formulation - Struckure Mo 3
File Edit Yiew Help

MO(.j UIe Plar: IWithout j Arelts Yeer |2DBD j

Assignment ’

dialog bOX Wlll Structure Module Mame: | B aze . ;I Gave I

Open (Figul‘e Lancel I
Future C

105) Future D

3. From the Plan
list, select the

plan that you

want to assign a =

structure Figure 10.5 Structure Module Assignment Dialog
module.

Box
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4. From the Analysis Year list, select the analysis year that you want
to assign a structure module.

5. From the Structure Module Name list (see Figure 10.5, page 10-4)
select the structure module that you want to assign to the selected
plan and analysis year.

6. The Save and Cancel buttons will become active, to save the
assignment of the selected structure module, click Save.

7. To check to see if the assignment has been made, view the structure
module assignment report (see Section 10.7).

5. When you are finished with assigning the structure modules, from
the File menu, click Close.

10.7 Report of Structure Module Assignments

To review the structure module assignments that you have made for your
study, FDA provides a report. To access the report do the following:

1. From the FDA main window (see Chapter 2, Section 2.1, Figure
2.1, page 2-2), on the Economics menu, click Structure Modules.

2. The Structure Module Assignment dialog box will open (see
Figure 10.5, page 10-4).

3. From the View menu, click Structure Module Assignments, the
Structure Module Assignments dialog box will open (Figure

10.6).
=10l
File ‘“iew Help
Bear Creek - Plan Formulation
Structure Module Assignments

Plan | Structure Structure ;I

Mame ‘rear tadule Mamme Maodule Description
without 2009 Baze Default module, nomally for existing stuctures
‘without 2030 Base Default module, narmally for existing stuctures
without 2030 Future & Adjusted for Regulation program w/o project
Flan 1 2009 Baze Default module, nomally for existing stuctures
Plan 1 2030 Base Default module, narmally for existing stuctures
Plan 1 2030 Future C Adjuzted by regulatory program developrent w/channel
Flan 2 2009 Baze Default module, nomally for existing stuctures
Plan 2 2030 Base Default module, narmally for existing stuctures
Plan 2 2030 Future B Adjusted for regulatory program development w/leves
Flan 3 2009 Baze Default module, nomally for existing stuctures
Plan 3 2030 Base Default module, narmally for existing stuctures
Plan 3 2030 Future D Adjuzted by regulatory program development w/channel & leves

-

o of
***** - A structure module has not been assigned for thiz plandyear combination.

Figure 10.6 Structure Module Assignments Dialog Box

4. This report can be printed, from the File menu, click Print.
5. When you are finished reviewing this report, from the File menu,
click Close.
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CHAPTER 11

Structure Inventory

11.1 General

A structure
inventory is a
record of the
attributes of
unique or groups
of structures
relevant to flood
damage analysis.

Structure inventories are performed to develop a record of the attributes of
unique or groups of structures relevant to flood damage analysis. The
information is used to compute an aggregated stage-damage function by
damage category at the damage reach index location station. The damage
categories, stream, and structure occupancy types must be previously
specified. Required structure attributes include: the name for the
structure; stream station; stream; bank designation; structure value;
occupancy type; structure module; and structure stages associated with
ground or first floor. Optional attributes include: content value; other
value; address; coordinates (highly recommended); notes; an image; and
additional structure stages for basement type flooding.

Structure depth-damage data may also be entered directly for a specified
structure occupancy type instead of using the general depth-damage
functions. Examples would be for unique inventory surveys of
commercial and industrial structures, and special damage functions for
traffic or infrastructure. The "direct" method is chosen from the structure
occupancy type pick list. The first flood survey error in feet (meters) must
be entered along with the stage-direct damage with uncertainty values for
the structure. Content stage-direct damage with uncertainty and "other™"
stage-direct damage with uncertainty are then similarly entered.

From HEC-FDA, you may enter data manually structure by structure from
a form (see Section 11.2) or from a table (spreadsheet, see Section 11.3).
You may also import the data from ASCII (*.TXT) files or SID (USACE
1989) data files as described in Appendix E.

The structures are assigned to a specific damage category (see Chapter 8),
structure occupancy type (see Chapter 9), stream (see Chapter 3), and
structure module (see Chapter 10). The structure module is used to
specify which plans and analysis years (see Chapter 3) the structure will
be used for damage analysis.

For further information on developing structure inventories, refer to the
following USACE reports by Institute for Water Resources:
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e '"Natural Economic Development Procedure Manual - Urban Flood

Damage", March 1988, 88-R-2

e "Natural Economic Development Procedure Manual - Urban Flood

Damage - Volume II: Primer on Surveying Flood Damage for
Residential Structures and Contents", October 1991, 91-R-10

e "Catalog of Residential Depth-Damage Functions", May 1992,

92-R-3

e "Analysis of Non-Residential Content Value and Depth-Damage

Data for Flood Damage Reduction Studies", April 1996, 96-R-12

11.2 Entering Structure Inventory Data - Form

To create a structure:

From the FDA main window (see Chapter 2, Section 2.1, Figure
2.1, page 2-2), on the EConomics menu, click Structure Inventory
Data.

The Structure Inventory dialog box will open (Figure 11.1).

_ﬁ: Bear Creek - Plan Formulation - Structure Inventory ol x|
File Edit “iew Utiities Help
Indivicusl Stucture: | 385 | Update |
Stream Station: I 10.220 Laticel |
Structure Value ($1.000'): 43.80
[ ] I ¥ Structure Stages...
Content Yalue [$1,000'): I 21.90
[v Optional Informatior... |

Other Value (1,000 |
Bank; % Left  Right

Damage Categony: IAPT j Strean: IS Fark Bear j

Occupancy Type: IA'DSNB j Module: IBase j

= Define irect Structure [nfarmation

First Floor Stage Errar [stdesy in f.]; I

— Depth-Direct Dollar Damage Function

I~ Structure... I I=|  Cantent... | ] [ther...

M| 4| 1gacrzos [ »|m]

Figure 11.1 Structure Inventory Dialog Box - Form

By default, FDA is in the "form" mode for structure inventory data
entry.

Type a name (required) in the Individual Structure list. The
maximum length is sixteen (16) characters. Each structure must
have a unique name — two structures cannot have the same name. If
the same structure is used in more than one module, it must have a
unique name for each module.

Type the stream station (required) of where the structure is located
on a stream in the Stream Station box. Must be consistent between
damage reach boundaries, damage reach index location, water
surface profiles, and structure location. A valid value for a stream
station 1s from 9,999,999.99 to 9,999,999.99.
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11.2.1 Values Associated with a Structure

Structure value is
the value of the
structure, and
does not include
the content value.

Contents value is
the value of the
contents
associated with
the structure, does
not include the
structure
(building) value.

Other value is the
value of "other"
property such as
outbuildings
associated with
the structure, does
not include the
structure
(building) value.

6.

Type the value of the structure (does not include the content value)
in the Structure Value box (Figure 11.2). A valid numeric value
for the structure value ranges from 0 to 999,999,999.

Structure Yalue [$1,000'); I

Content Yalue ($1,000%) |

Othier Value [$1.000%) |

Figure 11.2 Values Associated with a Structure

Type the value of the contents (does not include the structure value)
associated with the structure in the Content Value box (Figure
11.2). A valid numeric value for the content value ranges from 0 to
999,999,999. If left blank, the contents value is computed from the
content to structure value ratio that is defined in the occupancy type
and the structure value. If a content value is entered, it will override
the content value computed from the content to structure value
ratio. If you enter zero, the content value will be zero. If the content
damage is defined with a depth-direct dollar function, the content
value is not used in the calculations.

Type the value of "other" property (does not include the structure
value) such as outbuildings associated with the structure in the
Other Value box (Figure 11.2). A valid numeric value for the
content value ranges from 0 to 999,999,999. If left blank, the
"other" value is computed from the other to structure value ratio
that is defined in the occupancy type and the structure value. If an
"other" value is entered, it will override the "other" value computed
from the other to structure value ratio. If you enter zero, the content
value will be zero. If the "other" damage is defined with a depth-
direct dollar function, the "other" value is not used in the
calculations.

9. Determine which stream bank (looking downstream) the structure

is located on. From the Bank options (See Figure 11.1, page
11-2), select either Left (default) or Right.

11.2.2 Structure Assignments

10.

From the Damage Category list (Figure 11.3), select the damage
category (required) associated with the structure.

j Shear: IS Fork Bear

j Module: IBase

Dramane Categony: I"""PT

Le] L]

Dcoupancy Tupe: I-‘{"'DSMB

Figure 11.3 Structure Assignments
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11.

12.

13.

From the Occupancy Type list (see Figure 11.3, page 11-3), select
the structure occupancy type (required) associated with the
structure. If you select the structure occupancy type of Direct, you
will need to enter information for the depth-direct dollar damage
function for that structure. This information is entered in the
Define Direct Structure Information box on the Structure
Inventory dialog box (see Figure 11.1, page 11-2)

From the Stream list (see Figure 11.3, page 11-3), select the stream
(required) associated with the structure.

From the Module list (see Figure 11.3, page 11-3), select the
structure module (required) associated with the structure.

11.2.3 Structure Stages

The first floor
stage is the stage
or elevation of the
first floor of the
structure.

The beginning
damage depth in
an optional depth
in feet (meters)
relatives to the
first floor stage
where damage
begins; normally
used in the
analysis of
structures with
basements.

14.

15.

To enter stages (elevations) associated with the structure, click
Structure Stages (see Figure 11.1, page 11-2); the Structure
Stages dialog box will open (Figure 11.4). From this dialog box,
the user will enter the stages (elevations) associated with the first
floor of the structure or the stage (elevation) of the ground at the
structure.

2 Bear Creek - Plan Formulation - Structure Stages |

i+ First Floor

~ Ground Stage |

Firzt Floor Stage:

I

Beginning Damage

Depth: El ’_‘ El

1
i
L
i

Cancel | Help |

Figure 11.4 Structure Stages Dialog Box - First Floor

By default, First Floor is selected (Figure 11.4), if you are entering
the stages (elevations) associated with the first floor of the structure,
type a value in the First Floor Stage box (Figure 11.4). The value
must be between -300 to 30,000. Optionally, the user can enter the
beginning damage depth in feet (meters) relative to the first floor
stage where damage begins. The beginning damage depth is
normally used in the analysis of structures with basements where
flood waters enter above basement floor. The beginning damage
depth truncates the damage function at the specified depth. For
example, if damage begins at one foot below the first floor stage,
the beginning damage depth is set to -1. Type the value in the
Beginning Damage Depth box (Figure 11.4).
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The ground stage
is the stage or
elevation of the
ground at the
structure.

The foundation
height is the
vertical distance
between the
ground stage and
first floor stage at
the structure

16.

If you wish to enter the stage (elevation) of ground at the structure,
click Ground Stage (see Figure 11.4, page 11-4), the Structure
Stages dialog box will change (Figure 11.5). In the Ground Stage
box (Figure 11.5), type the value for the stage (elevation) of the
ground at the structure, this value must be between -300 to 30,000.
The user must also define the foundation height, which is the
distance from the ground stage to the first floor stage. This value is
entered in the Foundation Height box (Figure 11.5).

= First Floor

f* Ground Stage |

Ground Stage:

—

Foundation Height:
E E Beginning D amage
Depth:

. =ik ——

Cancel | Help |

Figure 11.5 Structure Stages Dialog Box - Ground Stage

Optionally, the user can enter the beginning damage depth in feet
(meters) relative to the first floor stage where damage begins. The
beginning damage depth is normally used in the analysis of
structures with basements where flood waters enter above basement
floor. The beginning damage depth truncates the damage function
at the specified depth. For example, if damage begins at one foot
below the first floor stage, the beginning damage depth is set to -1.
Type the value in the Beginning Damage Depth box (Figure 11.5).

11.2.4 Optional Structure Information

17.

There is also optional information that can be entered for a
structure. From the Structure Inventory dialog box (see Figure
11.1, page 11-2) click Optional Information, the Optional
Structure Information dialog box will open (see Figure 11.6, page
11-6). Definitions of the available items are listed in Section 11.5
(page 11-18).

11.2.5 Direct-Dollar Information for a Structure

18.

If the user has selected a structure occupancy type of Direct, the
Define Direct Structure Information box (see Figure 11.7, page
11-6) will be available on the Structure Inventory dialog box (see

11-5
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x|

Street: IF'DI:I House & Laundn)

City: I

State: I

2P |

Structure Coordinates
Morthing: ID.DD Ird MNates...
E asting: IU.UU

[ Image. ..

Zone: I

Mumber af Skuctures: |1
Year in Service: I1E|EID

51D Compatible Data

SID Reach Mame: ISF-9

Feference Flood Elevation: |432.SU

Ok I Cancel I Help |

Figure 11.6 Optional Structure Information Dialog Box

Figure 11.1, page 11-2). FDA assumes the normal distribution for
first floor stage and you must enter a standard deviation for it even
if it is zero (no uncertainty). This value is entered in the First
Floor Stage Error box (Figure 11.7). You then enter the direct-
dollar damage versus stage functions and associated uncertainty for

Define Direct Structure Information

Firzt Floor Stage Error [stdes in f]: I

Depth-Direct Dollar D'amage Function
’]7 Structure... I [¥  Content... | 'l Dther... I

Figure 11.7 Define Direct Structure Information

the structure, contents, and other as shown in Figure 11.7. The
direct-dollar functions are normally used to define unique damage
potential such as some commercial, industrial, infrastructure, and
public facilities.

Structure
To enter a structure depth-direct dollar damage function:

1. From the Define Direct Structure Information box (Figure 11.7),
click Structure, the Depth-Direct Dollar Damage Function -
Structure dialog box will open (see Figure 11.8, page 11-7).

2. Enter the depth-direct dollar damage function in the table in the
Depth and Damage columns.
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(ol x|
File Edit “iew Help
Stucture Occupancy Type: 371 - STRUCTURE Plat |
Drefine Uncertainty
= Mone & Mamal ¢ Trangular € Log Maomal Tabulate... |
Depth Damage Standard Deviation ;I
[it.) [$1.000'] of Ermar J
1| 0 0 0
12 | 1 4 0.8
3| 2 B 12
4] 3 £ 12
5 5 10 2
& | 6 13 26 Save |
7 7 17 34
. Cancel
I g 5 i [ Eesd |
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13| 17 75 15 =
| 3

Figure 11.8 Depth-Direct Dollar Damage Function - Structure
Dialog Box

If you are calculating uncertainty, from the Define Uncertainty box
(Figure 11.8) click the appropriate error distribution. The table will
change with columns being adding depending on your choice.

To view a plot of your structure depth-direct dollar damage
function, click Plot, or from the View menu click Depth-Direct
Dollar Function Plot. Either way will open the Depth-Direct
Dollar Damage Plot - Structure dialog box will open (Figure
11.9).

,E: Depth-Direct Dollar Damage Plok ;IEIEI

Eile Help

Bear Creek - Plan Formulation
Depth-Direct Dollar Damage Function Plot for 371 - STRUCTURE
[Mormal]
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\

\
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\
\
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S
%
AN
|

0

Damage [$1.000']

AN

|

|
|
1
1
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T

*

0 /f =
==y

[
001 2 3 45 & 7 8 91011 1213 14 15 16 17 18 19 20 21 22 23 24
Depth [ft.]

[—=— MedicnDamage —=— +25D —=— 15D ¢ 150D —+— 2s0]

Figure 11.9 Depth-Direct Dollar Damage Plot - Structure
Dialog Box

To view the data of your structure depth-percent damage function in
a report form, click Tabulate, or from the View menu click Depth-
Direct Dollar Function Report. Either way will open the Depth-
Direct Dollar Damage Function Report - Structure dialog box
will open (see Figure 11.10, page 11-8).

11-7
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=[5
Fil=  Help
Bear Creek - Plan Formulation
Depth-Direct Dollar Damage Function Report for 371 - STRUCTURE
Error Limit Curves (Mormal ;I
Depth Damage D amage [Percent]
(i) [$1.000's) 25D | 15D | +150 | +25D
0.000 0.00 0.00 0.00 0.00 0.00
1.00 40 24 3.2 48 56
200 E.0 36 48 7.2 2.4
3.00 E0 36 48 7.2 8.4
5.00 100 E.0 8.0 12.0 14.0
£.00 130 7.8 10.4 18.6 18.2
7.00 17.0 10.2 138 20.4 238
2.00 220 132 17.6 26.4 30.8
10.00 34.0 20.4 27.2 40.8 476
12.00 50.0 300 40.0 £0.0 70.0
13.00 57.0 4.2 456 £8.4 74.8
15.00 E7.0 40.2 536 80.4 938
17.00 7a.0 450 £0.0 90.0 105.0
22.00 30.0 54.0 720 108.0 126.0
23.00 52.0 55.2 736 110.4 1288
24.00 95.0 57.0 7E.0 114.0 1330
v
[ e

Figure 11.10 Depth-Direct Dollar Damage Function Report -
Structure Dialog Box

6. When you are finished defining your structure depth-direct dollar
damage function, click Save. The Depth-Direct Dollar Damage
Function - Structure dialog box will close (see Figure 11.8, page
11-7) returning you to the Structure Inventory dialog box (see
Figure 11.1, page 11-2).

Content
To enter a content depth-direct dollar damage function:
1. From the Define Direct Structure Information box (see Figure

11.7, page 11-6, click Content, the Depth-Direct Dollar Damage
Function - Content dialog box will open (Figure 11.11).

2. Enter the depth- .Be re P|Drmulatiun—DEpth-Direct Dollar A ol
direCt dollar ;trucl;e Dc:upancy_Type: 371 - CONTENT
damage function D — T?:t |
in the table in the Tebuse.. |
Depth and : i U (1000 U j‘
Damage columns. |2 [T

3. Ifyouare X C
calculating 6] s |
uncertainty, from 2 EEN
the Define 1o
Uncertainty box [ '
(Figure 11.11) o] e
click the Figure 11.11 Depth-Direct Dollar Damage Function
appropriate error - Content Dialog Box
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6.

distribution. The table will change with columns being adding
depending on your choice.

To view a plot of your content depth-direct dollar damage function,
click Plot, or from the View menu click Depth-Direct Dollar
Damage Function Plot. Either way will open the Depth-Direct
Dollar Damage Plot - Content dialog box will open (Figure
11.12).

_lolx|
Fil=  Help
Bear Creek - Plan Formulation
Depth-Direct Dollar Damage Function Plot for 371 - CONTENT
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[=— Mode —=— 4250 —— 413D 4 150 —+— 250

Figure 11.12 Depth-Direct Dollar Damage Plot - Content Dialog
Box

To view the data of your content depth-direct dollar damage
function in a report form, click Tabulate, or from the View menu
click Depth-Direct Dollar Damage Function Report. Either way
will open the Depth-Direct Dollar Damage Function Report -
Content dialog box will open (Figure 11.13).

=]
File Help
Bear Creek - Plan Formulation
Depth-Direct Dollar Damage Function Report for 371 - CONTENT
Error Limit Curves [Mone| ;I
Depth Damage Damage (Fercent]
[ft.] [41,000') 25D | 150 | +15D | +25D

0.000 0.00 0.00 0.00 0.00 0.00

1.00 108.4 108.4 108.4 108.4 108.4

2.00 137.4 137.4 1374 1374 1374

4.00 1383 1389 1389 1389 1389

5.00 147.4 147.4 1474 147.4 147.4
ki ;l_l

Figure 11.13 Depth-Direct Dollar Damage Function Report -
Content Dialog Box

When you are finished defining your content depth-direct dollar
damage function, click Save. The Depth-Direct Dollar Damage
Function - Content dialog box will close (see Figure 11.11, page

11-9
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Other

11-8) returning you to the Structure Inventory dialog box (see
Figure 11.1, page 11-2).

To enter an other depth-direct dollar damage function:

1.

From the Define Direct Structure Information box (see Figure
11.7, page 11-6), click Other, the Depth-Direct Dollar Damage
Function - Other dialog box will open (Figure 11.14).

Enter the depth— 8 Bear Creek - Plan Formulation - Depth-Direct Dollar Dam I [=l 4
direct dollar Fe e e

damage function " eeememe P |
il’l the table il’l th e " Mone (% Nammal ¢ Triangular © Lag Nnrmal| wl
Depth and D i e r
Damage &

columns. o

If you are ol sme |
calculating 0 Concel_|
uncertainty, from [

the Define 2

Uncertainty box [ .

(Figure 11.14) Figure 11.14 Depth-Direct Dollar Damage Function -
click the Other Dialog Box

appropriate error

distribution. The table will change with columns being adding
depending on your choice.

To view a plot of your other depth-direct dollar damage function,
click Plot, or from the View menu click Depth-Direct Dollar

Damage ol
Function Plot. S e

Either way will DepihDisct Dol DanageFurcton ot for 571 - OTHER

open the Depth- 150

Direct Dollar 140

Damage 120

Function Plot - g

Other dialog box @

will open (Figure g w

11.15). “D

To view the data Zz T

of your other 0 1 2 3 4 5

Depth (ft)

depth-direct

dollar damage
function in a Figure 11.15 Depth-Direct Dollar Damage Plot -

report form, click Other Dialog Box
Tabulate, or from the View menu click Depth-Direct Dollar

[=— MedanDamage _—=— +250 —=+— 15D +— 150 —— 250]
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Damage Function Report. Either way will open the Depth-Direct
Dollar Damage Function Report - Other dialog box will open
(Figure 11.16).

% Depth-Direct Dollar Damage Function Report o =] |
File Help
Biear Creek - Plan Formulation
Depth-Direct Dollar D amage Function Report far 371 - OTHER
Error Limit Curves [Mormal] ;I
Depth Diamage Damage [Percent]
[ft.) [$1.000's) 250 | 15D | +1 50 | +2 50
0.000 0.00 0.00 0.00 0.00 0.00
1.00 2.4 E.2 w7 92 101
2.00 75 8.0 el BE 9.9
4.00 1289 1359 137.5 140.4 1419
5.00 147.4 143.4 145.5 1494 151.4
Kl ;I_I

Figure 11.16 Depth-Direct Dollar Damage FunctionReport - Other
Dialog Box

6. When you are finished defining your other depth-direct dollar
damage function, click Save. The Depth-Direct Dollar Damage
Function - Other dialog box will close (see Figure 11.14, page
11-10) returning you to the Study Structure Occupancy Types
dialog box (see Figure 11.1, page 11-2).

Additional ways to create structures are provided from the Structure
Inventory dialog box (see Figure 11.1, page 11-2):

e From the Edit menu, click New Record, you can now enter a new
structure from the Structure Inventory dialog box (see Figure
11.1, page 11-2).

-Or-

e From the Navigator Button (see Chapter 2, Section 2.4.4, page
2-10), click the center of the button; you can now enter a new
structure from the Structure Inventory dialog box (see Figure
11.1, page 11-2).

11.3 Entering Structure Inventory Data - Table

To create a structure:

1. From the FDA main window (see Chapter 2, Section 2.1, Figure
2.1, page 2-2), on the Economics menu, click Structure Inventory
Data.

2. The Structure Inventory dialog box will open (see Figure 11.1,
page 11-2).

3. By default, FDA is in the "form" mode for structure inventory data
entry. If you wish to entry data in the "table" form, from the View
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menu of the Structure Inventory dialog box (see Figure 11.1, page
11-2), click Table. The Structure Inventory dialog box changes
in to a table format (Figure 11.17).

%5 Bear Creek - Plan Formulation - Structure Inventory =101 x|
Eile Edit iew Utlities Help
First Bieginning A
Shucture Content Other Floor Damage Ground J
Shieam WValue Walug Walue Stage Depth Stage
Station [$1.000's) [$1.000's] [$1.000's) [ft.) ft.] ft.]
333 9.900 73700.00 36850.00 476.99
402 9.750 241.50 12075 476.60
403 8.730 237.40 118.70 476.60
404 8710 344,40 17220 477.00
405 9.650 23230 11615 47675
405 9.660 232.30 11615 476.81
407 9.640 344.40 172.20 475.50
408 9.620 23230 11615 475,63
409 9.600 294.50 147.25 475,60
410 9.580 23230 11615 476,50
411 9.565 237.40 11870 476,50
412 9.500 24050 12025 476.50
413 9.475 355,60 177.80 474.50
414 9.450 281.20 14060 47200
45 9.420 30370 18185 472.25
416 5.380 470.80 235,40 472,60
417 9.360 23340 116.70 47300
418 9.335 240,50 12025 47300
419 9.320 24250 121.25 473.25 =

Figure 11.17 Structure Inventory Dialog Box - Table

The "table" is not a spreadsheet and has limited capabilities for
manipulating data.

To create a structure, from the Edit menu, click New Record. The
FDA Structure Name dialog box will open (Figure 11.18). Type a
name (required) in
the Enter Structure
Name box. The
maximum length is

sixteen (16) ak. I Cancel | Help |

characters. Each :
structure must have Figure 11.18 FDA Structure Name Dialog Box
a unique name — two structures cannot have the same name. If the
same structure is used in more than one module, it must have a
unique name for each module. Click OK, the name you entered
will now appear on the bottom of the table as a header for a row in
the table.

Type the stream station (required) of where the structure is located
on a stream in the Stream Station cell. Must be consistent between
damage reach boundaries, damage reach index location, water
surface profiles, and structure location. A valid value for a stream
station 1s from 9,999,999.99 t0 9,999,999.99. Defaults to the
previous structure's stream station.

Enter Structure Mame

|4Dz

11.3.1 Values Associated with a Structure

7.

Type the value of the structure (does not include the content value)
in the Structure Value cell (see Figure 11.19, page 11-13). A valid
numeric value for the structure value ranges from 0 to 999,999,999.
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Type the

value of the S oo .
contents Walue Yalug ‘alue
(does not ($1.000'5) ($1.000%) | ($1.000%)
include the e 241.50 12078
structure Figure 11.19 Values Associated with a Structure
value)

associated with the structure in the Content Value cell (Figure
11.19). A valid numeric value for the content value ranges from 0
t0 999,999,999. If left blank, the contents value is computed from
the content to structure value ratio that is defined in the occupancy
type and the structure value. If a content value is entered, it will
override the content value computed from the content to structure
value ratio. If you enter zero, the content value will be zero. If the
content damage is defined with a depth-direct dollar function, the
content value is not used in the calculations.

Type the value of "other" property (does not include the structure
value) such as outbuildings associated with the structure in the
Other Value cell (Figure 11.19). A valid numeric value for the
content value ranges from 0 to 999,999,999. If left blank, the
"other" value is computed from the other to structure value ratio
that is defined in the occupancy type and the structure value. If an
"other" value is entered, it will override the "other" value computed
from the other to structure value ratio. If you enter zero, the content
value will be zero. If the "other" damage is defined with a depth-
direct dollar function, the "other" value is not used in the
calculations.

11.3.2 Structure Stages

10.

If you are entering the stages (elevations) associated with the first
floor of the structure, type a value in the First Floor Stage cell
(Figure 11.20). Defaults to the previous structure's first floor stage.
The value must be between -300 to 30,000. Optionally, the user can

First Beginning
Floor Damage Ground Foundation
Stage Depth Stage Height
[ft.] [ft.] [ft.] [ir.]
402 476,50

Figure 11.20 Structure Stages

enter the beginning damage depth in feet (meters) relative to the
first floor stage where damage begins. The beginning damage
depth is normally used in the analysis of structures with basements
where flood waters enter above basement floor. The beginning
damage depth truncates the damage function at the specified depth.
For example, if damage begins at one foot below the first floor
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stage, the beginning damage depth is set to -1. Type the value in
the Beginning Damage Depth cell (see Figure 11.20, page 11-13).
11. Inthe Ground Stage cell (see Figure 11.20, page 11-13), type the
value for the stage (elevation) of the ground at the structure, this
value must be between -300 to 30,000. The user must also define
the foundation height, which is the distance from the ground stage
to the first floor stage. This value is entered in the Foundation
Height cell (see Figure 11.20, page 11-13). Optionally, the user
can enter the beginning damage depth in feet (meters) relative to the
first floor stage where damage begins. The beginning damage
depth is normally used in the analysis of structures with basements
where flood waters enter above basement floor. The beginning
damage depth truncates the damage function at the specified depth.
For example, if damage begins at one foot below the first floor
stage, the beginning damage depth is set to -1. Type the value in
the Beginning Damage Depth cell (see Figure 11.20, page 11-13).

11.3.3 Structure Assignments

12. From the Damage Category Name cell (Figure 11.21), click, a
drop-down list of available damage categories will appear. From
the list select the damage category associated with the structure.

Damage Stucture Structure Damage
Categomn Ocoupancy Module Stieam Fieach
MName Type Mame MName Bank Mame

402 APT A-TSNB Baze S Fork Bear left SF8
403 « |&-TSNE Base S Fork Bear left SF8
404 AUTO A-TSNB Baze S Fork Bear left SF-8
405 COMM ATENB Base 5 Fork Bear left 5F-8

408 FUE —{ATSNE Base 5 Fork Bear kit SF
ANz RES ATCHIR Raca C Farld Paar laft cr.a

4

Figure 11.21 Structure Assignments

11. From the Structure Occupancy Type cell (Figure 11.21), click, a
drop-down list of available structure occupancy types will appear.
From that list select the structure occupancy type (required)
associated with the structure. If you select the structure occupancy
type of Direct, you will need to enter information for the depth-
direct dollar damage function for that structure.

12.  From the Structure Module Name cell (Figure 11.21), click, a
drop-down list of available structure modules will appear. From
that list select the structure module (required) associated with the
structure.

13.  From the Stream Name cell (Figure 11.21), click, a drop-down list
of available streams will appear. From that list select the stream
(required) associated with the structure.

14.  From the Bank cell (Figure 11.21), click, a drop-down list of
available bank locations will appear. From that list select the bank
that the structure is located on.
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15. The Damage Reach Name cell (see Figure 11.21, page 11-14) is
not editable. The FDA program automatically calculates the
damage reach name for a structure based on the stream station and
the bank.

11.3.4 Optional Structure Information

17.  The rest of the table contains the cells for optional information that
can be entered for a structure. Definitions of the available items are
listed in Section 11.5 (page 11-18).

11.3.5 Direct-Dollar Information for a Structure

18. If the user has selected a structure occupancy type of Direct, the
user will need to enter the appropriate information for the direct-
dollar associated with the structure. From the Structure
Occupancy Type cell, Direct should be selected, right-click, and
then drag to the appropriate item in the short-cut menu (Figure

11.22).
Structure Structure
Occupancy odule Stream
Type M ame M ame
4472 Baze S Fork Bear
Dlirect = —
jji D:::El Edit First Floor Stage Errer. ..
5 Direct Edit Stucture Damage Function. ..
45 FL0SWE Edit Cantent ['amage Function. ..
7e RL0SWE Edit Other Damage Function. .

Figure 11.22 Direct-Dollar Information Shortcut Menu

19. To enter the error associated with the first floor stage of the
structure, click Edit First Flood Stage Error from the shortcut
menu (Figure 11.22). The Error Associated with First Floor
Stage dialog box will open (Figure 11.23). FDA assumes the
normal distribution for first floor stage and you must enter a

ﬁ._ Bear Creek - Plan Formulation - Error Associated with x|

Structure: 371

Digtribution Type
= More & Nomal © Triangular € Log Mormal

[stdler | |0.200

QK I Cancel | Help |

Figure 11.23 Error Associated with First Floor Stage Dialog Box
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standard deviation for it even if it is zero (no uncertainty). This
value is entered in the stdev box (see Figure 11.23, page 11-15).

You then enter the direct-dollar damage versus stage functions and
associated uncertainty for the structure, contents, and other as shown in
Figure 11.22 (page 11-15). The direct-dollar functions are normally used
to define unique damage potential such as some commercial, industrial,
infrastructure, and public facilities.

Structure

To enter a structure depth-direct dollar damage function:

1.

Content

From the shortcut menu (see Figure 11.22, page 11-15), click Edit
Structure Damage Function, the Depth-Direct Dollar Damage
Function - Structure dialog box will open (see Figure 11.8, page
11-7).

Enter the depth-direct dollar damage function in the table in the
Depth and Damage columns.

If you are calculating uncertainty, from the Define Uncertainty box
(see Figure 11.8, page 11-7) click the appropriate error distribution.
The table will change with columns being adding depending on
your choice.

To view a plot of your structure depth-direct dollar damage
function, click Plot, or from the View menu click Depth-Direct
Dollar Function Plot. Either way will open the Depth-Direct
Dollar Damage Plot - Structure dialog box will open (see Figure
11.9, page 11-7).

To view the data of your structure depth-percent damage function in
a report form, click Tabulate, or from the View menu click Depth-
Direct Dollar Function Report. Either way will open the Depth-
Direct Dollar Damage Function Report - Structure dialog box
will open (see Figure 11.10, page 11-8).

When you are finished defining your structure depth-direct dollar
damage function, click Save. The Depth-Direct Dollar Damage
Function - Structure dialog box will close (see Figure 11.8, page
11-7) returning you to the Structure Inventory dialog box (see
Figure 11.1, page 11-2).

To enter a content depth-direct dollar damage function:

1.

From the shortcut menu (see Figure 11.22, page 11-15), click Edit
Content Damage Function, the Depth-Direct Dollar Damage
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Other

Function - Content dialog box will open (see Figure 11.11, page
11-8).

Enter the depth-direct dollar damage function in the table in the
Depth and Damage columns.

If you are calculating uncertainty, from the Define Uncertainty box
(see Figure 11.11. page 11-8) click the appropriate error
distribution. The table will change with columns being adding
depending on your choice.

To view a plot of your content depth-direct dollar damage function,
click Plot, or from the View menu click Depth-Direct Dollar
Damage Function Plot. Either way will open the Depth-Direct
Dollar Damage Plot - Content dialog box will open (see Figure
11.12, page 11-9).

To view the data of your content depth-direct dollar damage
function in a report form, click Tabulate, or from the View menu
click Depth-Direct Dollar Damage Function Report. Either way
will open the Depth-Direct Dollar Damage Function Report -
Content dialog box will open (see Figure 11.13, page 11-9).

When you are finished defining your content depth-direct dollar
damage function, click Save. The Depth-Direct Dollar Damage
Function - Content dialog box will close (see Figure 11.11, page
11-8) returning you to the Structure Inventory dialog box (see
Figure 11.1, page 11-2).

To enter an other depth-direct dollar damage function:

1.

From the shortcut menu (see Figure 11.22, page 11-15), click Edit
Other Damage Function, the Depth-Direct Dollar Damage
Function - Other dialog box will open (see Figure 11.14, page
11-10).

Enter the depth-direct dollar damage function in the table in the
Depth and Damage columns.

If you are calculating uncertainty, from the Define Uncertainty box
(see Figure 11.14, page 11-10) click the appropriate error
distribution. The table will change with columns being adding
depending on your choice.

To view a plot of your other depth-direct dollar damage function,
click Plot, or from the View menu click Depth-Direct Dollar
Damage Function Plot. Either way will open the Depth-Direct
Dollar Damage Function Plot - Other dialog box will open (see
Figure 11.15, page 11-10).

To view the data of your other depth-direct dollar damage function
in a report form, click Tabulate, or from the View menu click
Depth-Direct Dollar Damage Function Report. Either way will
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open the Depth-Direct Dollar Damage Function Report - Other
dialog box will open (see Figure 11.16, page 11-11).

6. When you are finished defining your other depth-direct dollar
damage function, click Save. The Depth-Direct Dollar Damage
Function - Other dialog box will close (see Figure 11.14, page
11-10) returning you to the Study Structure Occupancy Types
dialog box (see Figure 11.1, page 11-2).

11.4 Deleting Structures

Structures may only be deleted one at a time — there is no global deletion
of structures. It is very tedious to delete more than a few structures. If
you need to delete a large number of structures, you can delete them in
two ways:

1. Use Visual dBASE to delete records from the struct.dbf file, or

2. Export all the structures, copy the struct.xxx files from a study that
has no data into your current study, and then import a new edited
list of structures.

Using Visual dBASE to delete structures is fairly straightforward. You
only need to open the struct.dbf file - you do not need to relate it to any
other files. Select the records (structures); mark them for deletion, then
pack the file.

The second method requires several steps:

1. Start FDA and open your current study containing records that you
want to delete.

2. Export all of your structures to a delimited text file (see Appendix E
for details).

3. Create a new study with no data except for a study title and a price
index year.

4. Exit FDA.

5. Copy the files struct.dbf, struct.dbt, and struct.mdx from the new
study into the subdirectory of your current study. This will give
you an inventory with no structures.

6. Edit the exported structure file or an already existing structure file
and create a delimited text file in the format required for importing
a structure inventory.

7. Start FDA and import the delimited text file containing the new
structure inventory.
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11.5 Description of Structure Data Entry Variables

Damage Category Name: Select a previously defined damage category
name. For table entry, a pick list is displayed by pressing the left mouse
button.

Stream Name: Select a previously defined stream name. For table entry,
a pick list is displayed by pressing the left mouse button.

Structure Occupancy Type: Select a previously defined structure
occupancy type. For table entry, a pick list is displayed by pressing the
left mouse button.

Structure Name: Required name for the defined structure, which is used
to uniquely identify the structure and is displayed on reports and plots.
The maximum length is sixteen (16) characters. Each structure must have
a unique name — two structures cannot have the same name. Ifthe same
structure is used in more than one structure module, the structure must
have a unique name for each structure module (see Chapter 10 for details
on structure modules).

Stream Station: Study adopted stations along the stream normally
denoted as miles (kilometers) above the mouth of the stream. Must be
consistent between damage reach boundaries, damage reach index
location, water surface profiles, and structure location. The range of
allowable values is from 9,999,999.99 to 9,999,999.99.

Bank: Stream bank (looking downstream) where the structure is located.
For structures, there are two hardwired choices (Left or Right), with Left
being the default.

Structure Value: The value of the structure. It does not include the
content value. A numeric value ranging from 0 to 999,999,999.

Content Value: The value of the contents associated with the structure.
It does not include the structure (building) value. Numeric value ranging
from 0 to 999,999,999. If left blank, the contents value is computed from
the content to structure value ratio that is defined in the occupancy type
and the structure value. If a content value is entered, it will override the
content value computed from the content to structure value ratio. If you
enter zero, the content value will be zero. If the content damage is defined
with a depth-direct dollar function, the content value is not used in the
calculations.

Other Value: The value of "other" property such as outbuildings
associated with the structure. It does not include the structure (building)
value. Numeric value ranging from 0 to 999,999,999. If left blank, the
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other value is computed from the other to structure value ratio that is
defined in the occupancy type and the structure value. If an other value is
entered, it will override the other value computed from the other to
structure value ratio. If you enter zero, the content value will be zero. If
the other damage is defined with a depth-direct dollar function, the other
value is not used in the calculations.

Ground Stage: The stage or elevation of the ground at the structure.
Numeric value ranging from -300 to 30,000. You may enter either: 1) the
ground stage and the foundation height, or 2) the first floor stage. If the
ground stage is entered, you must also define the foundation height which
is the distance from the ground stage to the first floor stage.

Foundation Height: The vertical distance between the ground stage and
first floor stage at the structure. You may enter either: 1) the ground stage
and the foundation height, or 2) the first floor stage. If the foundation
height is entered, you must also define the ground stage.

Beginning Damage Depth: Optional depth in feet (meters) relative to the
first floor stage where damage begins. It is normally used in the analysis
of structures with basements where flood waters enter above basement
floor. It truncates the damage function at the specified depth. For
example, if damage begins at one foot below the first floor stage, the
beginning damage depth is set to -1.

First Floor Stage: The stage or elevation of the first floor of the
structure. Numeric value ranging from -300 to 30,000. You may enter
either: 1) the ground stage and the foundation height, or 2) the first floor
stage.

Structure Address: The Street, City, State, and Zip Code associated with
the structure.

Structure Coordinates: The UTM or other study adopted coordinates
associated with the structure location.

Notes: Optional notes about the structure.

Structure Image: Digital image (picture of the structure)

Number of Structures: The number of structures assumed to have
identical attributes associated with this structure. FDA will compute
stage-damage as if this structure was entered.

Year in Service: The year that a structure was built and occupied. By

default, FDA assumes 1900. FDA uses the year in service to determine if
the structure should be included in the stage-damage computations for a
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given plan/year. For example, if the structure’s year in service is 2030 and
you are computing stage-aggregated damage for the year 2009, the
structure would not be included in the computations.

SID Reach Name (SID Compatible data): The damage reach to which
this structure’s stage-damage functions are aggregated, it is normally left
blank. If entered, then when you compute stage-aggregated damage, you
must select the Use SID Reaches option.

Reference Flood Elevation (SID Compatible data): The stage
associated with the SID reference flood, it is normally left blank. It can be
used to aggregate damage to the index location in place of using the water
surface profiles. If entered, then when you compute stage-aggregated
damage, you must select the Use SID Ref Flood option.
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CHAPTER 12

Stage-Damage Functions

12.1 General

The Corps defines a stage-damage function as the relationship of direct
economic costs caused by flood inundation to a range of flood stages for a
given river or damage reach. Damage reaches are specific geographical
areas within a floodplain. Stage-damage functions are different for
residential structures and non-residential structures. See Appendix F for
how a stage-damage function is developed and how uncertainty is applied
(for further details see EM 1110-2-1619).

HEC-FDA provides two ways to enter stage-damage functions. You can
enter stage-damage functions manually (see Section 12.2, page 12-3) from
the Stage-Damage Function at Index Location with Uncertainty dialog
box (Figure 12.1). The stage-damage function with uncertainty is

.ﬁ: Bear Creek - Plan Formulation - Stage-Damage Function at Inde: - |EI|1|
File Edit ‘iew Help
Plat: Im j iz IS Fork Bear j
Analyziz Year |2DDS j [Damage Reach: ISF'8 j
Damage Categary: IAPT j
A Stage_damage Function: ISFE APT YR2009 Usze An Existing Functionl
fu nction is the Description: IStage-Damage far damage reach SF-8, damage category APT, w2009,
re|ation5hi Of Define Uncertainty
. p . " Mone ) Momal € Triangular € Log Normal
direct economic
costs CaUSed by Stage Damage Standard Deviation ;I
. . [ft.] [$1.000') of Errar
flood inundation 1 420 o i
to a range of 2 463.00 0.00 0.00
3 464.00 0.00 0.00
ﬂOOd St_ages fora 4 465.00 0.00 0.00
given river or 5 466.00 1.52 067
damage reach E 4E67.00 F.38 1.43
7 468,00 15.70 240
g 469.00 28.65 356 LI
3 470.00 £1.72 £.22 T abulate...
10 471.00 193.51 1466 —I
11 472100 52319 2337 B
12 473.00 377.40 45,88 —I
13 474.00 156177 1.60 Lancel |
14 475.00 2351.25 99.09
15 476.00 322239 13166
16 477.00 404361 163.03
17 478.00 4846.45 19281
18 479.00 5EE0.E1 22347
19 430.00 647258 255,80
20 481.00 730612 287.89 -
ki _>|_I
Figure 12.1 Stage-Damage Function at Index Location with
Uncertainty Dialog Box
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specified for a given plan, analysis year, damage category, stream, and
damage reach. A complete set of stage-damage functions for all
categories, damage reaches, and streams must be entered to analyze a
specific plan for an analysis year. The uncertainty is defined only by the
normal probability density function. If there is no uncertainty, you must
select the normal distribution and enter zeros for the standard deviations —
don’t leave the uncertainty field blank.

The second way to create stage-damage functions is to let FDA create the
stage-damage functions automatically. Section 12.10 (page 12-11)
provides the steps required within FDA to automatically compute stage-
damage functions. Appendix F provides an explanation of the calculation
procedure used to compute stage-damage functions.

The Stage-Damage Function at Index Location with Uncertainty
dialog box (see Figure 12.1, page 12-1) has a common Menu Bar. The
Menu Bar contains the following common menus, for a description of the
Help menu see Chapter 2 (Section 2.4.8, page 2-12):

File  This menu is used for file management and contains the
following commands:
Save: changes are saved for the stage-damage functions.
Use an Existing Function: allows you to copy the selected
stage-damage function to a selected assignment.
Close: close the open dialog box; if changes have not been
saved a warning message will appear.

Edit This menu is used for editing stage-damage functions,
traversing the records in a stage-damage function item list,
creating stage-damage functions, and deleting stage-damage
functions. The commands available are:

Cut/Copy/Paste: the standard cut/copy/paste commands.

Insert Row: on the Stage-Damage Function at Index
Location with Uncertainty dialog box from the table,
this command allows you to insert a row above the
selected row. To insert a row, you must highlight the row
below where you want to insert a row by clicking on the
row number at the far left of the table, on the Edit menu,
click Insert Row. The new row will be inserted above
the selected row.

Delete Row: on the Stage-Damage Function at Index
Location with Uncertainty dialog box from the table,
this command allows you to delete a row anywhere in the
table. To delete a row, you must highlight the entire row
by clicking on the row number at the far left of the table,
on the Edit menu, click Delete Row. The selected row
will be deleted from the table.
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12.2

Delete Assignment: this command deletes the assignment
of a stage-damage function. Any stage-damage function
that it is assigned to only one plan, analysis year, damage
category, stream, damage reach, and then is deleted, will
be removed from the study.

Global Assignment Copy: this command allows you to
assign stage-damage functions to multiple plans and
analysis years.

View This menu is used to review what stage-damage functions have
been created for the study; what assignments have been made,
display graphically stage-damage functions, and display a
report of the stage-damage functions. The commands
available are:

Stage-Damage Function Assignments:
this command displays a report that gives you
information on the assignments that have been made for
the stage-damage functions.

List of Stage-Damage Functions: this command displays a
report that will give you a list of stage-damage functions
that have been defined for the study.

Stage-Damage Function Plot: this command displays a
graphical representation of a stage-damage function.

Stage-Damage Function Report: this command displays a
report of a stage-damage function.

Entering a Stage-Damage Function Manually

In FDA you can enter stage-damage functions manually or FDA can
calculate the stage-damage function (see Section 12.9, page 12-10). If you
have manually entered stage-damage functions, and then decide to have
FDA calculate the stage-damage functions, you will lose your manually
entered stage-damage functions. Therefore, it is recommended that you
use on methodology for entering stage-damage functions into a study. To
enter a stage-damage function manually:

1. From the FDA main window (see Chapter 2, Section 2.1, Figure
2.1, page 2-2), on the Economics menu, click Enter/Edit/View
Reach Stage-Damage Function with Uncertainty.

2. The Stage-Damage Function at Index Location with Uncertainty
dialog box will open (see Figure 12.1, page 12-1).

3. For each plan, analysis year, damage category, stream, and damage
reach combination; a stage-damage function will be assigned.
Therefore, you need to select the appropriate plan from the Plan
list, the appropriate analysis year from the Analysis Year list, the
appropriate damage category from the Damage Category list, the
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12.3

appropriate stream from the Stream list, and the appropriate
damage reach from the Damage Reach list (Figure 12.2).

Plar: IWithout | Stream: |s Fork Bear =]
Analysis ‘rear: |2':||JE| j Damage Reach: ISF'E j
[ramage Categony: IAPT j

Figure 12.2 Assignment Items for Stage-Damage Functions

For stage-damage functions, the uncertainty by default is Normal
and you can not choose any other uncertainty type. If there is no
uncertainty, you must enter zeros for the Standard Deviation of
Error in the table (see Figure 12.1, page 12-1) - don’t leave the
uncertainty field blank.

Enter the stage and damage values for your stage-damage function
in the table on the Stage-Damage Function at Index Location
with Uncertainty dialog box (see Figure 12.1, page 12-1).

Enter a name (required) in the Function box (see Figure 12.1, page
12-1). The maximum length is sixteen (16) characters.

Enter a description (optional but recommended) in the Description
box (see Figure 12.1, page 12-1). The maximum length is sixty-
four (64) characters.

Click Save, the stage-damage function is added, and assigned to the
selected plan, analysis year, damage category, stream, and damage
reach.

When you are finished with creating stage-damage functions, on the
File menu, click Close, the Stage-Damage Function at Index
Location with Uncertainty dialog box will close (see Figure 12.1,
page 12-1)

Delete a Stage-Damage Function

Since stage-damage functions are assigned to a plan, analysis year,
damage category, stream, and damage reach you are deleting the
assignment of that particular stage-damage function to a plan, analysis
year, damage category, stream, and damage reach. Any stage-damage
function that it is assigned to only one plan, analysis year, damage
category, stream, damage reach, and then is deleted, will be removed from
the study. To delete a stage-damage function:

1.

From the FDA main window (see Chapter 2, Section 2.1, Figure
2.1, page 2-2), on the Economics menu, click Enter/Edit/View
Reach Stage-Damage Function with Uncertainty.

The Stage-Damage Function at Index Location with Uncertainty
dialog box will open (see Figure 12.1, page 12-1).
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Select the appropriate plan, analysis year, damage category, stream,
and damage reach; this will give you the stage-damage function you
wish to delete (see Figure 12.2, page 12-4).

On the Edit menu, click Delete Assignment, a warning message
will appear asking you if you really wish to delete this stage-
damage function assignment. Click Yes, the stage-damage function
is no longer assigned to the selected plan, analysis year, damage
category, stream, and damage reach.

When you are finished, on the File menu, click Close, the Stage-
Damage Function at Index Location with Uncertainty dialog
box will close (see Figure 12.1, page 12-1).

12.4 List of Stage-Damage Functions

To review the stage-damage functions you have entered for your study,
FDA provides a report. To access the report do the following:

e

From the FDA main window (see Chapter 2, Section 2.1, Figure
2.1, page 2-2), on the Economics menu, click Enter/Edit/View
Reach Stage-Damage Function with Uncertainty.

The Stage-Damage Function at Index Location with Uncertainty
dialog box will open (see Figure 12.1, page 12-1).

On the View menu, click List of Stage-Damage Functions, the
List of Stage-Damage Functions dialog box will open (Figure
12-3).

t of Stage Damage Functions =101 %]
Bear Creek - Plan Formulation
List of Stage-Damage Functions
Damage Category | Function | Damage Reach |;|
Mame MHame Tupe Name Stream Mame Description

SFEAPT YR2003 APT Normal SF-8 5 Fork Bear Stage-D amage for damage reach SF-8, damaoe category APT, w2009,
SFEAUTOYR2008  AUTO Hermal SR8 S Fork Bear  Stage-Damage for damage resch SF-8, damags categor AUTO, w2003
SF3COMM YR2003  COMM Nommal SF8 5 Fork Bear Stage-Damage for damage reach SF-8, damage category COMM, w2003
SF3PUB YR2003 FUB Nommal SF8 5 Fork Bear Stage-Damage for damage reach SF-8, damage category PUB, 2009,
SFERES YR2009 RES MNormal SF2 S Fork Bear Stage-Damage for damage reach SF-8, damage category RES, pr2009.
SF9APT TR2009 APT Mormal SF3 5 Fork Bear Stage-Damage for damage reach SF-9, damage category APT, pr2009,
SF9AUTOYR2009  &UTO Momal SF3 5 Fork Bear Stage-D amage for damage reach SF-9, damage category AUT0, w2003
SF-9COMM YR2003 COMM Norrmal SF9 5 Fork Bear Stage-D amage for damage reach SF-9, damage category COMM. w2003
SFAPUBYR200  PUB Hermal SR S Fork Bear  Stage-Damage for damage resch GF-9, demags category PUB, 2003
SFIRESYRZ003  RES Hamal SF3 5ForkBear  Stage-Damage for damage reach GF-3, damage category RES, 2003
SF3APT YR2030 APT Nommal SF8 5 Fork Bear Stage-Damage for damage reach SF-8, damage category APT, w2030
SFEAUTOYR2030  AUTO Nommal SFa 5 Fork Bear Stage-Damage for damage reach SF-8, damage category AUTO, w2030
SFECOMM TR2030 COMM Mormal SF8 S Fork Bear Stage-Damage for damage reach SF-8, damage category COMM, pr2030
SFEPUB YR2030 PUE Momal SF-8 5 Fork Bear Stage-D amage for damage reach SF-2, damage category PUB, pr2030.
SFERES YR2030 RES Norrmal SF-& S Fork Bear Stage-Damage for damage reach SF-8. damage category RES, w2030,
SFIAPT YR2030 APT Normal SF9 5 Fork Bear Stage-D amage for damage reach SF-9. damage category APT, w2030,
SFOAUTOYR203D  AUTO Hermal SR S Fork Bear  Stage-Damage for damage resch SF-0, damags categor AUTO, w2030
SFICOMM YR2030  COMM Nommal SF3 5 Fork Bear Stage-Damage for damage reach SF-3, damage category COMM, yi2030
SFIPUB YR2030 FUB Nommal SF3 5 Fork Bear Stage-Damage for damage reach SF-3, damage category PUB, pr2030,
SFIRES YR2020 RES MNormal SFa S Fork Bear Stage-Damage for damage reach SF-9, damage category RES, pr2030. e
L o

Figure 12.3 List of Stage-Damage Functions Dialog Box

This report can be printed, on the File menu, click Print.

When you are finished reviewing this report, on the File menu,
click Close, the List of Stage-Damage Functions dialog box will
close.
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12.5 Stage-Damage Function Plot

To view a stage-damage function graphically:

1. From the FDA main window (see Chapter 2, Section 2.1, Figure
2.1, page 2-2), on the Economics menu, click Enter/Edit/View
Reach Stage-Damage Function with Uncertainty.

2. The Stage-Damage Function at Index Location with Uncertainty
dialog box will open (see Figure 12.1, page 12-1).

3. Select the appropriate plan, analysis year, damage category, stream,
and damage reach (see Figure 12.2, page 12-4); this will give you
the stage-damage function you wish to view graphically.

4. On the View menu, click Stage-Damage Function Plot, the Stage-
Damage Plot dialog box will open (Figure 12.4).

+&i stage-Damage Plot =101 x|

File Help

Bear Creek - Plan Formulation
Stage-D'amage Plot for SFEAPT YR2003
[Mormal]

Plan Name: wWithout

Analysiz Year: 2009

Stream Mame: 5 Fork Bear
Damage Reach Mame: SF-8
Damage Category Mame: APT

2000

7000 /

a
500 ?/
Z so00 2.

= /g/
=
5 4000
g
£ 3000
&
2000 =

0 '_/'
462 463 464 465 466 467 468 463 470 471 472 473 474 470 476 477 475 479 480 481
Stage [ft.]
|—*— Median Damage —=— 425D —+— +15D + 15D —#— 25D

Figure 12.4 Stage-Damage Plot Dialog Box

5. When you are finished reviewing the plot, on the File menu, click
Close, the Stage-Damage Plot dialog box will close.

12.6 Stage-Damage Function Report
To view a stage-damage function in a report:
1.  From the FDA main window (see Chapter 2, Section 2.1, Figure

2.1, page 2-2), on the Economics menu, click Enter/Edit/View
Reach Stage-Damage Function with Uncertainty.
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2. The Stage-Damage Function at Index Location with Uncertainty
dialog box will open (see Figure 12.1, page 12-1).

3. Select the appropriate plan, analysis year, damage category, stream,
and damage reach (see Figure 12.2, page 12-4); this will give you
the stage-damage function you wish to view in tabular form.

4. On the View menu, click Stage-Damage Function Report, the
Stage-Damage Function Report dialog box will open (Figure

12.5).
=10l x|
Fil= Help
Bear Creek - Plan Formulation
Stage-Damage Report for SFE APT YR2009
[Mormal)
Plan Marme: “ithout
Analysie Year 2009
Stream Mame: S Fork Bear
Damage Reach Mame: SF-8
Damage Categomy Mame: APT
Error Limit Curves Al
Stage Damage Darnage [$1.000's]
[f.) [$1.000] 25D | 15D [ +150 | +2 5D
462.00 0.000 0.000 0.000 0.000 0.000
4E3.00 0.000 0.000 0.000 0.000 0.000
464.00 0.000 0.000 0.000 0.000 0.000
4E5.00 0.000 0.000 0.000 0.000 0.000
4EE.00 1.52 018 0.85 214 2.86
467.00 7.38 452 5.95 8.1 10.24
4E8.00 18.70 10.90 1330 1810 20.50
463.00 28.65 21.53 25.09 321 3577
470.00 E1.72 43.28 55.50 B7.94 7418
471.00 133.51 170,13 184.85 21417 228.83
47200 52319 464.45 49383 55255 581.93
47300 977.40 035.64 931.53 102327 1063.16
474.00 1861.77 1418.57 149018 163336 1704.97
475.00 2351.25 2183.07 228218 248032 2549.43
476.00 322239 2953.07 3090.75 3354.03 348571
477.00 4043.61 3717.55 3880.61 4206.61 43B9.67
475.00 4846.45 4460.83 4653.68 5033.22 523207
474.00 SER0.61 521367 543718 5884.04 E107.55
430,00 6472.58 5360.93 6216.83 672833 6354.18
481.00 730612 B730.34 01828 7h93.96 7881.90
. of

Figure 12.5 Stage-Damage Function Report Dialog Box

5. To print this report, on the File menu, click Print.
6. When you are finished reviewing the report, on the File menu, click
Close, the Stage-Damage Function Report dialog box will close.

12.7 Assigning an Existing Stage-Damage Function to a
Different Plan, Analysis Year, Damage Category,
Stream, Damage Reach Combination

You can assign a stage-damage function to another plan; analysis year,
damage category, stream, and damage reach combination. There are two
ways to accomplish this assignment. The first way is to assign a stage-
damage function individually:
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From the FDA main window (see Chapter 2, Section 2.1, Figure
2.1, page 2-2), on the Economics menu, click Enter/Edit/View
Reach Stage-Damage Function with Uncertainty.

The Stage-Damage Function at Index Location with Uncertainty
dialog box will open (see Figure 12.1, page 12-1).

Select a plan, analysis year, damage category, stream, and damage
reach (see Figure 12.2, page 12-4) that does not have an assigned
stage-damage function.

Either click Use an Existing Function (see Figure 12.1, page 12-1),
or from the File menu, click Use an Existing Function, either way,
the Copy Aggregate Stage-Damage Function dialog box will
open (Figurel2.6).

X
I ame | Dezcription ;l
SFaAPT YR2009 Stage-D amaqe for damage reach SF-8, damage category APT, w2009,
SFEAPT YR2030 Stage-Damaqge for damage reach SF-8, damage category APT, w2030,
Kl | _>I_I
ar. I Catcel |

Figure 12.6 Copy Aggregate Stage-Damage Function Dialog Box

Based on the stream, damage reach, and damage category selected,
FDA uses an automated filtering system that will only provide a list
of stage-damage functions that are available for the selected stream,
damage reach, and damage category. From the table select the
stage-damage function that you want to assign to the selected plan,
analysis year, damage category, stream, and damage reach. Click
OK, the Copy Aggregate Stage-Damage Function dialog box will
close.

From the Stage-Damage Function at Index Location with
Uncertainty dialog box (see Figure 12.1, page 12-1) click Save,
this will save the assignment of the stage-damage function to the
selected plan, analysis year, damage category, stream, and damage
reach.

You do not need to change the name of the stage-damage function
unless you make some other kind of change that is specifically for
that plan, analysis year, damage category, stream, and damage
reach.

The other way is to assign a stage-damage function to multiple plans and
analysis years:

l.

From the FDA main window (see Chapter 2, Section 2.1, Figure
2.1, page 2-2), on the Economics menu, click Enter/Edit/View
Reach Stage-Damage Function with Uncertainty.

The Stage-Damage Function at Index Location with Uncertainty
dialog box will open (see Figure 12.1, page 12-1).
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3.

On the Edit menu, click Global Assignment Copy, the Global
Assignment Copy dialog box will open (Figure 12.7).

.&i Bear Creek - Plan Formulation - Global (=] ]

Copy Stage-D'amage Assignments

Fram: Ta:
Plan: dithout j Plam: Plan 2 j
Analysis vear: I2D|JE| j Aalyzis Year: |2D'39 j

S| Fork Bea

[
Copy I Cloge | Help |

Figure 12.7 Global Assignment Copy Dialog Box

The From box is where you select the plan and analysis year that
includes the stage-damage function you want to assign. The To box
is the plan and analysis year that you are going to assign the stage-
damage function to. In the example ( Figure 12.7), the stage-
damage function for the Without plan and 2009 analysis year, will
be assigned to Plan 2 and both analysis years (2009 and 2030).
There is also an All options which allows you to make assignments
to all plans and all analysis years.

Once you have made your selections click Copy, a warning
message will appear asking you if this is really what you want to
do, click Yes, the warning message closes. Click Close, the Global
Assignment Copy dialog box will close (Figure 12.7). The
assignments are automatically saved.

To verify that the stage-damage function assignments have been
made, you need to review the Stage-Damage Function
Assignments report (see Section 12.8).

12.8 List of Stage-Damage Function Assignments

To check to see if your assignments have been done and are correct, you
need to review the assignment report:

1.

e

From the FDA main window (see Chapter 2, Section 2.1, Figure
2.1, page 2-2), on the Economics menu, click Enter/Edit/View
Reach Stage-Damage Function with Uncertainty.

The Stage-Damage Function at Index Location with Uncertainty
dialog box will open (see Figure 12.1, page 12-1).

On the View menu, click Stage-Damage Function Assignments
the Stage-Damage Function Assignments dialog box will open
(see Figure 12.8. page 12-10).

To print this report, on the File menu, click Print.

When you are finished reviewing the report, on the File menu, click
Close, the Stage-Damage Function Assignments dialog box will
close (see Figure 12.8, page 12-10).
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ﬁ; Stage-Damage Function Assignments alglﬂ
File “iew Help
Bear Creek - Plan Formulation
Stage-Damage Function Assignments
Flan Stream Damage Reach | Damage Categary Stage-Damage Stage-Damage ;I
Name “rear Mame Name Name Mame Description
‘withaut 2003 S Fork Bear SF8 RES SF8RES YR2009 Stage-Damage for damage reach SF-8, damage category RES, w2003,
APT SF8APT YR2009 Stage-Damage for damage reach SF-8, damage category APT, pr20049.
COMM SF8 COMM YR2009  Stage-Damage for damage reach SF-8, damage category COMM, w2009
FUB SFa PUEB YR2009 Stage-Damage for damage reach SF-8, damage category PUB, w2003,
AUTO SFBAUTOYR2009  Stage-Damaage for damage reach 5F-8, damage category AUTO, w2003
S Fork Bear SF9 RES SFIRES YR2009 Stage-Diamage for damage reach SF-3, damage categorp RES, pr2009.
APT SFIAPT YR2009 Stage-Damage for damage reach SF-3, damage category APT, w2009,
COMM SF-3COMM YR2003  Stage-Damage for damage reach 5F-9, damage category COMM, pr2009
PUBE SF-9PUEYR2009  Stage-Diamage for damage reach 5F-9, damage category PLB, w2009,
AUTO SFAAUTOYR2009  Stage-Damage for damage reach SF-9, damage category AUTO, w2003
2030 S Fork Bear SF8 RES SFBRES YR2030 Stage-Damage for damage reach SF-B, damage category RES, 2030
APT SF8APT YR2030 Stage-Diamage for damage reach SF-8, damage categorp APT, pr2030.
COMM SF8 COMM YR2030  Stage-Lramage for damage reach 5F-8, damage category COMB, pr2030
PUB SF8 PUB YR2030 Stage-Damage for damage reach SF-B, damage category PUB, w2030
AUTO SFBAUTOYR2030  Stage-Diamage for damage reach 5F-8, damage category AUTO, w2030
S Fork Bear  5F3 RES SFIRES YR2030

- & stage-damage function has not been assigned for this plan/pear/stream/reach/category combination.
- The stage-damage function iz not corect. See Help far more information on what could be wiang
+ - Something has changed and computations need to be redone.

Stage-Dlamage for damage reach SF-3, damage category RES, w2030 _ILI
¥

Figure 12.8 Stage-Damage Function Assignments Dialog Box

12.9 Rename a Stage-Damage Function

If you want to rename a stage-damage function:

1. From the FDA main window (see Chapter 2, Section 2.1, Figure
2.1, page 2-2), on the Economics menu, click Enter/Edit/View
Reach Stage-Damage Function with Uncertainty.

2. The Stage-Damage Function at Index Location with Uncertainty
dialog box will open (see Figure 12.1, page 12-1).

3. For each plan, analysis year, damage category, stream, and damage
reach combination; a stage-damage function will be assigned.
Therefore, you need to select the appropriate plan from the Plan
list, the appropriate analysis year from the Analysis Year list, the
appropriate damage category from the Damage Category list, the
appropriate stream from the Stream list, and the appropriate
damage reach from the Damage Reach list (see Figure 12.2, page

12-4).

4. Inthe Function box (see Figure 12.1, page 12-1) enter a new name
for the selected stage-damage function. HEC recommends the
name be descriptive of the damage reach, damage category, and
analysis year.

5. Click Save, since FDA creates a new stage-damage function for
each plan, analysis year, damage category, stream, and damage
reach combination, then the stage-damage function is renamed. If
you rename a stage-damage function that is assigned to more than
one plan, analysis year, stream, damage reach, and damage
category, then a warning message will appear (see Figure 12. 9,
page 12-11) asking you if you want this name change to affect only
the selected assignment, change the name for all assignments, or

cancel.
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12.10

Appendix F
provides an
explanation of the
calculation
procedure used to
compute stage-
damage functions
(for further
details see EM
1110-2-1619).

% FDA

FLr

Thig function is used for more than one

Planear#Stream/Reach/Cateqony. Do you wizh to

change the Function for all uses, ar only for thiz Plan, Year,

Stream, Reach, Categomm?
Al zes

Thiz Uze Only Cancel

Figure 12.9 Renaming an Assigned Stage-Damage Function
Warning Message

Compute Stage-Damage Functions

For FDA to compute stage-damage functions the program requires the
following information and the uncertainty about that information: depth-
percent damage functions, first floor elevations, and structure and content
values. In addition, a complete set of water surface profiles (eight
profiles) must be available (see Chapter 4, Section 4.2, page 4-4).
Additionally, it is a good idea to have discharge exceedance probability
functions and stage- discharge functions for the stage-damage function
computations (see Appendix F for details).

From the Compute Reach Stage-Damage Function with Uncertainty
dialog box (Figure 12.10), you specify the plan and analysis year to
compute the stage-damage function with uncertainty at the damage reach
index location stations by study damage categories. In Figure 12.10,
stage-damage functions are being computed for selected plans and
analysis years. To compute stage-damage functions:

s
o

i Bear Creek - Plan Formulation - Compute Reach Stage-Damage Function with Unc o ] 54

File Edit “iew Option: Help

Usze SID
Feaches

Usze SID
Fief Flood

Flan Diate of d
Description Execution
i Fri Oct 21, 2005 11:36:18 &M Pacific Da

Flan Analysiz
Execute| MName ‘rear

& Wwithout 2009
ithout
Plan1
Plan 1
Plan 2 2009
Flnz —Lam 1y T

« Plan3 2003

Compute
“with Risk.

2003

<

Compute |

Figure 12.10 Compute Reach Stage-Damage Function with Uncertainty
Dialog Box

1. From the FDA main window (see Chapter 2, Section 2.1, Figure
2.1, page 2-2), on the Economics menu, click Compute Reach
Stage-Damage Function with Uncertainty.

2. The Compute Reach Stage-Damage Function with Uncertainty
dialog box will open (Figure 12.10).
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10.

Select the plan and analysis years for which you wish to compute
stage-damage functions. From the Edit menu, click Select All if
you wish to compute all plans and analysis years. By using the
CTRL and SHIFT keys in combination with your mouse click, you
can select which ever plan and analysis year you want.

From the table you can specify whether to perform the analysis with
or without risk, or use previous applied HEC-SID analyses by
clicking on the cell under the appropriate column of the table.

Click Compute, the Aggregate Stage-Damage Computation
Status dialog box will open (Figure 12.11).

Calculating Plan: ‘wWithout - Y'ear: 2009

Structure 1 of 205, 0.5% Complete.

Structure 10 of 205, 4.9% Complete.  Estimated time remaining 00k 00 00s,
Structure 205 of 205, 100.0% Complete.  Estimated time remaining 00k 00m 00s.
Calculations complete. Store Results in D ataB aze.

Dwration of Calculations: 0 hours O minutes 3 zeconds.

Calculation Successful

]

Cloze |

Figure 12.11 Aggregate Stage-Damage Computation Status Dialog Box

Fv' Calculation I 1of1

The Aggregate Stage-Damage Computation Status dialog box
will provide information on the compute process. All streams,
damage reaches, and damage category functions are computed for
the specified plan and analysis year during a single program
execution. The results will overwrite previous results including any
manually entered stage-damage functions.

Click Close, the Aggregate Stage-Damage Computation Status
dialog box will close (Figure 12.11), and you will be returned to the
Compute Reach Stage-Damage Function with Uncertainty
dialog box.

A check mark will be placed in the Execute column of the table and
a date of execution will appear in the Date of Execution column of
the table.

On the File menu, click Close, the Compute Reach Stage-Damage
Function with Uncertainty dialog box will close (see Figure
12.10, page 12-11).

Stage-damage functions that are created by FDA are given a default
name that is automatically generated, AQgDamg######. An
example is AggDamg001215, also there is no default description.
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12.11 Stage-Damage Compute Options

From the Compute Read Stage-Damage Function with Uncertainty
dialog box (see Figure 12.10, page 12-11), there are several options you
can set for the compute. There are two types of compute options:

(1) Options that can vary by plan and analysis year, and
(2) Options that apply globally to all plans and analysis years.

You must exercise caution when changing options between stage-damage
computations. FDA will not mark results as invalid when compute
options are changed. Some of the options control calculations (e.g., the
number of simulations, the use of risk analysis, etc.), and some control the
output (e.g., detailed stage-damage and Monte-Carlo simulation output by
structure, etc.). If a compute option is changed, there is no effect on the
results but if stage-damage is calculated, the expected annual damage
results are marked as invalid.

12.11.1 Compute Options by Plan and Analysis Year

The options that vary by plan and analysis year are set in the Compute
Read Stage-Damage Function with Uncertainty dialog box (see Figure
12.10, page 12-11). The options that may be set are:

e Compute With Risk column (see Figure 12.10, page 12-11). If
selected, FDA will use all uncertainties in values (structure, content,
other), first floor stage, and depth-damage functions to compute
stage-damage. If not selected, the stage-damage is computed
without using any of the uncertainties. Computing without
uncertainties reduces computational time and is useful when first
analyzing the data.

e Use SID Reaches column (see Figure 12.10, page 12-11). If
selected, FDA will use the SID reach name to determine the
damage reach to which the current structure’s stage-damage
function is aggregated. If not selected, FDA computes the damage
reach based upon the structure’s stream name, station, and bank and
the damage reach definitions. As mentioned earlier, if insufficient
data is available to determine the damage reach from the selected
option, FDA tries to determine the damage reach from the
alternative option.

e Use SID Reference Flood column. If selected, FDA uses the SID
reference flood water surface profile to aggregate individual
structure stage-damage functions to the index location. If not
selected, FDA uses the eight water surface profiles to aggregate
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individual structure stage-damage to the index location. As
mentioned earlier, if insufficient data is available to aggregate
stage-damage using the selected option, FDA tries to aggregate
using the alternative option.

12.11.2 Global Compute Options

To set the compute options that are global for all plans and analysis years:

1. From the FDA main window (see Chapter 2, Section 2.1, Figure
2.1, page 2-2), on the Economics menu, click Compute Reach
Stage-Damage Function with Uncertainty.

2. The Compute Reach Stage-Damage Function with Uncertainty
dialog box will open (see Figure 12.10, page 12-11).

3. On the Options menu, click Compute Options, the Global
Options for Stage-Damage Computation dialog box will open
(Figure 12.12).

x|
100 Mo. of Monte-Carlo Simulations [v it Structural Cetails
|2':I Fln Mumber of [ntervals | efinid e
[~ Append Std Dev Trace
|3':I I ax Mumber of Intervals
[ Append Struchural Details
I1 Trace Level
— Impart Field Separatorz]
¥ Tab [ Semicolon [~ Comma [~ Space

[~ Other Character: |

0k l Cancel | Help |

Figure 12.12 Global Options for Stage-Damage Computation
Dialog Box

4. From the Global Options for Stage-Damage Computation dialog
box you can set the following compute and output options for the
stage-damage calculation:

e No. of Monte-Carlo Simulations. You can set the number of
Monte-Carlo Simulations at each stage ordinate in the stage
damage function; default value is 100.

e Min Number of Intervals. With this option you can set the
range in the number of ordinates in the stage aggregated
damage function. The program will determine the actual
number by determining a stage increment between ordinates
that is one of the numbers 1, 2, or 5 times some power of ten.
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For example, it may pick an increment of 1, 2, 5, 10, or 20
feet between ordinates, but not 3, 4, 6, 8, 11, etc. feet. The
range of stages is computed from the discharge-exceedance
probability and rating curves. If they are not entered, the
stages are computed from the water surface profiles. If none
of that information is available, FDA cannot determine the
stages and cannot compute stage-aggregated damage. The
maximum number of stage ordinates is sixty. The default
value is 20.

Max. Number of Intervals. With this option you can set the
range in the number of ordinates in the stage aggregated
damage function. The program will determine the actual
number by determining a stage increment between ordinates
that is one of the numbers 1, 2, or 5 times some power of ten.
For example, it may pick an increment of 1, 2, 5, 10, or 20
feet between ordinates, but not 3, 4, 6, 8, 11, etc. feet. The
range of stages is computed from the discharge-exceedance
probability and rating curves. If they are not entered, the
stages are computed from the water surface profiles. If none
of that information is available, FDA cannot determine the
stages and cannot compute stage-aggregated damage. The
maximum number of stage ordinates is sixty. The default
value is 30.

Trace Level. This option controls the amount of output
written to the files FDA_SDmg.out, FDA_SdErrors.out, and
FDA_SDev.out when stage aggregated damage is computed.
Default value is 1.

Output written to the file FDA_SDmg.out includes
information about the date and time of the compute, study
name, description, the subdirectory in which the data is stored
and the plan and analysis year that was computed. It also
details the calculation of the range and increment of stages for
the stage aggregated damage matrix for each damage reach.
Additional detailed information about each structure is written
if the trace level is high enough. All output is cumulative with
the trace level; if it is written at TraceLevel = 1, then it is
written at TraceLevel = 5.

Output written to the file FDA_SdErrors.out includes errors in
processing structure information (e.g. it cannot determine the
damage reach; there is no structure occupancy type, etc.).

Output written to FDA_SDev.out is related strictly to the
Monte Carlo simulation. Trace Level must be greater than
forty-nine (49) to write any information to this file.
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You have the option of appending results to several of the
files. If you do not append results, the file is initialized before
each plan/analysis year calculation. For example, if you don’t
append results to the file and you compute stage-damage for
the plan/analysis year combinations of Without plan and
analysis year 2009 and Without plan and analysis year2030,
the file will contain results only for the Without plan and
analysis year2030. The plan/analysis year of Without plan and
analysis year 2009 is overwritten.

The following describes the level of output as a function of
the trace level:

Trace Level Description

0 No output is written to the files
Fda_SDmg.out, Fda_SDev.out, and
Fda_SdErrors.out. Data is written to the
file Fda_StrucDetail.out if you select that
option.

>0 Header information is written to each file
except the Fda_SDev.out file. The header
information includes the date/time of
calculation, study name, description, the
subdirectory in which the data is stored and
the plan/year of calculations. The file
Fda_SDmg.out contains stage-aggregated
damage functions with uncertainty for
structure, contents, other, and total for all
streams and reaches for the selected
plan/year. The file Fda_SdErrors.out
contains a summary line of structure errors.

>4 Basic structure information including
structure name, address, etc. is written to
the file Fda_SDmg.out. Those structures
that have errors are written to the file
Fda_SdErrors.out. Each row contains data
about one structure and indicates the source
of the problem.

>9 Tabulation of stage-aggregated damage for
each structure is written to the file
Fda_SDmg.out. It includes structure,
content, other, and total. Detailed data
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validation for all structures is written to
FDA_SdErrors.out, one structure per row.

>49 Header information and a detailed table of
Monte-Carlo simulation results for each
structure are written to the file
FDA_SDev.out.

>99 Internal debug information that is not
related to the computations is written to the
files Fda_SDmg.out and Fda_SDev.out.

Write Structural Details. This option controls the output of
detailed structure information. If not selected, FDA will not
write detailed information for each structure to the file
FDA_StrucDetail.out. If selected (default),FDA writes
detailed structure information to file FDA_StrucDetail.out.
One row is written for each structure in tab delimited text
format. It includes all structure attributes entered by you as
well as stage, depth, damage at each of the computed water
surface profile stages.

Append Trace. If not selected (default), FDA will overwrite
any existing output written to the files FDA_SDmg.out and
FDA_SdErrors.out. If selected, output will be appended to
existing information.

Append Std Dev Trace. Ifnot selected (default), FDA will
overwrite any existing output written to the file
FDA_SDev.out. If selected, output will be appended to
existing information.

Append Structural Details. If not selected (default), FDA
will overwrite any existing output written to the file
FDA_StrucDetail.out. If checked, output will be appended to
the existing information.

Import Field Separator(s). This option defines characters
which are used to parse fields in delimited text files which are
imported into FDA. The TAB character is the preferred
(default) option and must be used for importing ASCII tab-
delimited text files such as structure inventory files created.

12.12 Data Entry Variables for Stage-Damage Functions

Plan Name: Select a previously defined plan name.
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Stream Name: Select a previously defined stream name.
Analysis Year: Select a previously defined analysis year.
Damage Reach: Select a previously defined damage reach.
Damage Category: Select a previously defined damage category.

Stage-Damage Function Name: Required name for the defined stage-
damage function, which is used for reports and plots. This name
associates a stage-damage function with a plan, stream, year, damage
reach, and damage category. We recommend the name be descriptive of
the location (damage reach), type of damage property (damage category),
and analysis year. For example, the name "DR1 APT 2009" conveys the
stage-damage function is for damage reach DR1, damage category
Apartment, and analysis year 2009. The maximum length for a given
stage-damage function name is sixteen (16) characters.

Computed stage-damage functions are automatically assigned a unique
name such as "AggDamg001215", which can be changed (see Section
12.9, page 12-10).

Stage-Damage Function Description: Optional description of the
defined stage-damage function. The maximum length is sixty-four (64)
characters. Automatically computed stage-damage functions do not have
a description, but a description can be added.

Stage-Damage Uncertainty: You may select only the normal
distribution to define the uncertainty for the stage-damage relationship. If
there is no uncertainty, enter zeros (not blanks) for all standard deviations
of error.

12.13 References

EM 1110-2-1619
Engineering and Design: Risk-based Analysis for Flood Damage
Reduction Studies
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CHAPTER 13

Evaluation

Evaluation is
where you may
review the study
status, perform
two types of
analyses, and
view results. The
two analysis
options are
computation of
expected annual
damage (which
includes project
performance, and
computation of
equivalent annual
damage.

Evaluation is where you may review the study status, perform two types
of analyses, and view results. The two analysis options are: 1)
computation of expected annual damage and project performance
(Evaluation of Plans by Analysis Year), and 2) computation of equivalent
annual damage over the specified analysis period (project life) for the
plan.

In general, data developed and displayed under HydEng and Economics
represent the best estimates of the median values of the exceedance
probability, stage, and damage functions for without- and with-project
conditions. Uncertainty parameters of the functions are also developed for
study conditions. The analyses performed and results displayed use the
median valued functions and associated uncertainties as input to produce
expected values as output. The computational procedure used is Monte
Carlo. Appendix H describes the computation procedures in detail.

Contents

e Study Status Report

e Evaluation of Plans by Analysis Years (calculation of expected
annual damage and project performance)

e Equivalent Annual Damage Analysis

13.1 Study Status Report

The Study Status Report dialog box (see Figure 13.1, page 13-2)
displays the completeness of the study data by plans and analysis years.
The report keys off the assignment tables for each of the individual
functions.

To review that status of the study data:
1. From the HEC-FDA main window (see Chapter 2, Section 2.1,

Figure 2.1, page 2-2), on the Evaluation menu, click Study Status
Report.
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Figure 13.1 Study Status Report Dialog Box

The Study Status Report dialog box will open (Figure 13.1).

The table on the Study Status Report dialog box is organized by
plan and analysis year. Each defined analysis year has a separate
column — Base Year, Most Likely Future Year. If the data set is
complete, in the cell will be the string PS$, which is stating that the
data set is complete. The characters in the string have the following
meaning:

P in the first character of the string, a P indicates that the
exceedance probability functions for all streams and damage
reaches for the selected plan and analysis year are complete

S in the second character of the string, an S indicates that the
stage-discharge functions for all streams and damage
reaches for the selected plan and analysis year are complete

$ in the third character of the string, a $ indicates that the
stage-damage functions for all streams, damage categories,
and damage reaches for the selected plan and analysis year
are complete

If an asterisk (*) appears in the sting, this is an indication that
something is wrong with the data set for that plan and analysis year.
Depending on the location of the asterisk in the string, you will
need to return to the appropriate function (exceedance probability,
stage-discharge, stage-damage) and review the data for that plan
and analysis year.

Once you have reviewed the plan and analysis years, on the File
menu, click Close, the Study Status Report dialog box will close.
It is recommended that you review the Study Status Report dialog
box (Figure 13.1) before attempting to compute the plan and
analysis year damage and performance results.
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13.2 Evaluation of Plans by Analysis Year

Computation of
expected annual
damage (EAD),
which also
includes project
performance.

The computation of expected annual damage (EAD) is the first step in the
overall computation process in FDA. FDA combines the exceedance
probability functions, stage-discharge functions, and structure inventory
data to compute EAD. See Appendix H for further details on the FDA
computation procedures.

Plan and damage reach project performance analyses are based on target
standards defined for without-project conditions for the study. There are
three different cases for determining the target:

1. For reaches without levees, the target is based on an estimate of the
stage at which significant damage begins for the without condition,

2. For reaches with a levee that have no geotechnical failure, the
target is the top of levee stage, and

3. For reaches with a levee that have geotechnical failure, the target is
based on both the annual exceedance probability and the
probability of failure.

For reaches without levees, the standards used by the FDA program are
based on the residual damage associated with a specific exceedance
probability event. Performance targets are essentially the zero damage
stage but normally consider minor damage to the infrastructure as
acceptable and significant damage to structures as not acceptable.
Consistent criteria for comparing the impacts of different measures and
plans are also a goal. Experience at HEC has shown that a 5 percent
residual damage associated with the .01 exceedance probability event is
normally a good target stage and was adopted as the FDA default. You
may enter other values if they are deemed better for your study conditions.
The same values must be used for all calculations.

Computing expected annual damage:

1. From the FDA main window (see Chapter 2, Section 2.1, Figure
2.1, page 2-2), on the Evaluation menu, click Evaluation of Plans
by Analysis Year.

2. The Evaluation of Plans by Analysis Year dialog box will open
(see Figure 13.2, page 13-4).

3. The table displays the plans and analysis years that are available for
computation. To select all plans and analysis years for
computation, on the File menu, click Select All. You can use the
CTRL key to individually select plans and analysis years for
computation. The without project plan must have been successfully
computed before any other plans can be computed.

4. For the without plan, base year; performance target criteria is used
to compute the plan's annual exceedance probability, long-term risk,
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Annual
Exceedance
Probability (AEP)
is the probability
that flooding will
occur in any given
year considering
the full range of
possible annual
floods.
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Compute |
Figure 13.2 Evaluation of Plans by Analysis Year Dialog Box

and conditional non-exceedance probability. The performance
target is a stage that is defined by entering values in the Event
Exceedance Probability and the Percent Residual boxes (Figure
13.2). The target stage is the stage at which a percentage of a
specified event's damages occur. For example, in Figure 13.2, the
target criteria can be the stage that results in damage equal to 5%
(default value) of the damage attributed to the 0.01 (default value)
Annual Exceedance Probability (AEP) stage.

If you want to compute without using uncertainty, from the table in
the Compute With Risk Column (Figure 13.2), click the cell of
the plan and analysis year that you do not want uncertainty
computed. The check mark will clear, and the computation for that
plan and analysis will not include uncertainty. The computation
without uncertainty is performed in the same way as conventional
studies prior to risk analysis being required. The computed
probability function is internally replaced by the expected
probability function and then used along with the stage-discharge
and damage-stage functions without uncertainty to compute
expected annual damage.

Once you have selected the plans and analysis years you want to
computer click Compute. The EAD Computation Status dialog
box will open (Figure 13.3). This dialog box will provide you with
information about /8 Bear Creek - Plan Formulation - EAD Computation Stak x|
the COl’IlputC Caloulating Plan: Without - 'ear: 2009 :l

prOCGSS. Beqin computing expected damage for plan without, pear 2003, stream 5 Fork Bear. reach S5F-8 J

Murmber of Simulations = 5000

\M Murnber of Simulations = 10000
hen the Murnber of Simulations = 15000
Compute 1S Begin computing expected damage for plan\Without, year 2009, stream S Fork Bear, reach SF-9

complete, click
Close, the EAD
Computation
Status dialog box
will close (Figure
13.3) and return
you to the

Mumber of Simulations = 5000
Calculation Successful

Calculating Plan: Without - Year: 2030

Begin computing expected damage for plan\Without, year 2030, stream S Fork Bear, reach SF-8

Humber of Simulations = 5000 LI
P Calculation I 4of 4
PSR Percent Complete o0 Claze |

Figure 13.3 EAD Computation Status Dialog Box
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Evaluation of Plans by Analysis Year dialog box (see Figure 13.2,
page 13-4). A check mark will appear in the Execute column of the
table, along with a date stamp of the compute in the Date of
Execution column of the table.

8.  On the File menu, click Close, the Evaluation of Plans by
Analysis Year dialog box will close (see Figure 13.2, page 13-4).

9. If anything in the data set for a plan and analysis year has changed,
when you open the Evaluation of Plans by Analysis Year dialog
box (see Figure 13.2, page 13-4), the check mark will no longer
appear in the Execute column for that plan and analysis year, which
means you need to re-compute.

13.3 Equivalent Annual Damage Analysis

The next step in the compute process is the computation of equivalent
annual damage. The expected annual damage computation for the base
and most likely future conditions analysis years of a plan must be
successfully computed before you can compute equivalent annual damage
analysis.

The flood damages associated with a plan are calculated in average annual
equivalent terms (see ER 1105-2-100). The procedures discount the
expected annual damage stream to the beginning of the period of analysis
or the base year. Future year damage values are linearly interpreted
between the base and most likely future year conditions and assumed
constant from the most likely future year to the end of the analysis period.
The analysis period (project life) is the period of time over which the plan
has significant beneficial or adverse effects. It is normally 50 years and is
not to exceed 100 years.

Computing equivalent annual damage:

1. From the FDA main window (see Chapter 2, Section 2.1, Figure
2.1, page 2-2), on the Evaluation menu, click Equivalent Annual
Damage Analysis.

2. The Equivalent Annual Damage Analysis dialog box will open
(see Figure 13.4, page 13-6).

3. Inthe Analysis Period box, you must enter the analysis period in
years, default is 50 years.

4. In the Discount Rate box (see Figure 13.4, page 13-6), you must
enter the discount rate in percent, default is 7.625 percent.

5. The table displays the plans and analysis years that are available for
computation. To select all plans and analysis years for
computation, on the File menu, click Select All. You can use the
CTRL key to individually select plans and analysis years for
computation.
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Figure 13.4 Equivalent Annual Damage Analysis Dialog Box

Once you have selected the plans and analysis years you want to
computer click Compute. When the compute is complete, a check
mark will appear in the Execute column of the table, along with a
date stamp of the compute in the Date of Execution column of the
table.

On the File menu, click Close, the Equivalent Annual Damage
Analysis dialog box will close (Figure 13.4).

If the expected annual damage computation has be re-computed for
a plan, when you open the Equivalent Annual Damage Analysis
dialog box (Figure 13.4), the check mark will no longer appear in
the Execute column for that plan, which means you need to re-
compute.

13.4 References

ER 1105-2-100
Guidance for Conducting Civil Works Planning Studies
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Damage by Analysis Year Reports

The Damage by
Analysis Year
reports display
the results of the
computation of
expected annual
damage (EAD).

These reports display the results of the evaluation of plans by analysis
years analyses (see Chapter 13, Section 13.2, page 13-3), and are
consistent with requirements of Corps planning regulations for
formulation and evaluation of flood damage reduction plans. These
reports are grouped into three areas - general information, damage reach
summaries, and expected annual damage.

To access the damage by analysis year reports:

1. From the HEC-FDA main window (see Chapter 2, Section 2.1,
Figure 2.1, page 2-2), on the Evaluation menu, point to Results,
click Damage by /& Bear Creek - Plan Formulation - Damage by Analysis _Iolx|
Analysis Years.

File Help

— General Infarmation Reports

Damage Reach Summaries ———————————————————
i+ Data Management Summany i Exceedance Probability - Discharge Function
: e Damage by

. = Monte Carlo Analysis Summary i~ Exceedance Probability - Stage Function

An a.l ys I s Year " Waring Message Log " Exceedance Probability - Damage Function
- - i Exceedance Probability - Mean Damage Reduced

dialog box will

- — Expected Annual Damage
Open (Flgu re 14. 1) . Summary Type Summany | farmation

- - " By Damage Categaries &+ Flans
3. From th IS d Ialog " Damage Reduced Distibution " Demage Reaches
H {~ By Plan & &nalysis Years

bOX, you WI I I i Analpsiz Years
access the four

different groups Of — Report Infomation
an ame: Iiv nalysfs vear liv
reports that make o ol s I

up the results from sneamName:l—j Damage Reach Wame: l—j
the evaluation of R

plans by analysis
years analyses.

Figure 14.1 Damage by Analysis Year Dialog Box

14.1 General Information Reports

The General Information Reports  — General Infarmation Reparts
(Figure 14.2) provide information on
what plans and analysis years were
computed for the evaluation of plans (" Monte Carla Analysiz Summary
by analysis years, the Monte Carlo ™ “Warning Message Log
computation by plan, analysis year,
stream, and damage reach, and
Warning information for each Figure 14.2 General Information
computation. Reports Box

{~ Data Management Summary
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14.1.1 Data Management Summary

General
information
reports provide
information on
what plans and
analysis years
were computed,
Monte Carlo
computation, and
warning
information.

This report provides a summary of the plans and analysis years that were
selected for evaluation of plans by analysis years computation.

To view the Data Management Summary report:

1.

From the Damage by Analysis Years dialog box (see Figure 14.1,
page 14-1), from the General Information Reports box (see
Figure 14.2, page 14-1), click Data Management Summary.
Click Display Report, the Data Management Summary report
(Figure 14.3) will open.

-lcix
File  Help
Eear Creek - Flan Formulation
D ata Management Summary
Monetary Units: $1,000's
Plan s Analysis Diate of . -
Name Plan Description | et Execution Uncertainty }—I
‘without ‘Without project condition 2009 Fri Feb 2, 2007 £:55:03 AM Pacific Stand v
“without “without project condition 2030 Fri Feb 2, 2007 £:55:12 &b Pacific Stand s
Plan 1 Detention + Channel mp. 2003 FriFeb 2, 2007 6:55:22 AM Pacific Stand <
Flan1 Detention + Charnnel lmp. 2030 FriFeh 2, 2007 £:55 34 AM Pacific Stand s
Plan 2 Floodwall Only 2009 ‘wieddan 31, 2007 11:30:16 AM Pacific Sta v
Plan 2 Floodwall Only 2030 ‘whedJan 31, 2007 11:31:11 AM Pacific Sta s
Plan 3 Detention, Channel Imp., and Flaodwall 2009 wiedJan 31, 2007 11:32:47 AM Pacific Sta v
Plan 3 Detention, Channel Imp., and Floodwall 2030 ‘whedJan 31, 2007 11:34:27 AM Pacific Sta s
< > I_I
***** - Computations have not been completed
+ - Something has changed and computations need to be redone.

Figure 14.3 Data Management Summary

The report displays information about the evaluation of plans by
analysis years computation. This reporting is done by plan and
analysis year. You can verify that a particular plan and analysis
year did get computed, and whether or not uncertainty was also
computed.

A sting of asterisks (*****) displayed in the Date of Execution
column, indicates that the computations for a plan and analysis year
have not been completed. A plus-sign (+) indicates that something
has changed in the data set for that particular plan and analysis year
and the computation needs to be redone.

To print the report, on the File menu, click Print, the Print dialog
box will open (see Figure 14.4, page 14-3). Be sure the appropriate
printer has been selected, and click OK. The Print dialog box will
close and the report will print.

On the File menu, click Close, the Data Management Summary
report will close (Figure 14.3) and you will return to the Damage
by Analysis Year dialog box (see Figure 14.1, page 14-1).
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Figure 14.4 Print Dialog Box

14.1.2 Monte Carlo Analysis Summary

This report and plot displays the number of Monte Carlo iterations
performed for a specific plan, analysis year, stream, and damage reach.

To view the Monte Carlo Analysis Summary report and plot:

1.

From the Damage by Analysis Years dialog box (see Figure 14.1,
page 14-1), from the General Information Reports box (see
Figure 14.2, page 14-1), click Monte Carlo Analysis Summary.
The Report Information box (Figure 14.5) on the Damage by
Analysis Year dialog box (see Figure 14.1, page 14-1) becomes
active.

Fiepart Information
Flan Mame: IWiH"DUl j Analyziz vear |2IJDS j
Stream MName: IS Fark Bear j D amage Reach Mame: ISF'8 j

i:igure 14.5 Report Information Box

The Monte Carlo Analysis Summary reports are viewed by plan,
stream, analysis year, and damage reach. Therefore, you need to
select the appropriate plan from the Plan Name list, the appropriate
analysis year from the Analysis Year list, the appropriate stream
from the Stream Name list, and the appropriate damage reach from
the Damage Reach Name list, in the Report Information box
(Figure 14.5).

Click Display Report, the Monte Carlo Analysis Summary with
Uncertainty report will open (see Figure 14.6, page 14-4).

This report displays the number of Monte Carlo iterations
performed for a specific plan, analysis year, stream, and damage
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f:\-: Damage by Analysis Year - |EI|5|
File  Help

Bear Creek - Plan Formulation

tonte Carlo Analyziz Summary

with Uncertainty

Plan Mame: Wwithout
Analysiz Year: 2008
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Figure 14.6 Monte Carlo Analysis Summary with Uncertainty - Report

reach. The table shows the variation in the expected annual damage
(Grand Mean) and the Grand Mean Standard Error throughout the
progression of the iterations performed. The computations are
terminated when the grand mean is within an allowable tolerance.
The procedures are described in Appendix F.

A sting of asterisks (*****) indicates that the computations for a
plan and analysis year have not been completed. A plus-sign (+)
indicates that something has changed in the data set for that
particular plan and analysis year and the computation needs to be
redone.

To plot the results of the Monte Carlo computation, on the File
menu, click Plot, the Monte Carlo Analysis Summary with
Uncertainty for Damage Reach plot will open (see Figure 14.7,
page 14-5). After reviewing the plot, on the File menu, click Close
the Monte Carlo Analysis Summary with Uncertainty for
Damage Reach plot will close and return you to the Monte Carlo
Analysis Summary with Uncertainty report (Figure 14.6).

To print the report, on the File menu, click Print, the Print dialog
box will open (see Figure 14.4, page 14-3). Be sure the appropriate
printer has been selected, and click OK. The Print dialog box will
close and the report will print.

On the File menu, click Close, the Monte Carlo Analysis
Summary report will close (Figure 14.6) and you will return to the
Damage by Analysis Year dialog box (see Figure 14.1, page 14-1).
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_{ol x|
File Help
Bear Creek - Plan Formulation
Monte Carlo Analyzis Summary with Uncertainty
for Damage Reach SF-8
Flan Marme:  Wwithout, ‘Without project condition
Analysiz Year. 2009
Stream Mame: 5 Fork Bear
1.70
1.60 \
5
i
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% x
o
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Figure 14.7 Monte Carlo Analysis Summary with Uncertainty -
Plot

14.1.3 Warning Message Log

The Warning Message Log should be reviewed after each run. Itis a text
file and may be edited, i.e. previous run information deleted as desired.
Messages are always appended to this file so it can get very large.

To view the Warning Message Log:

1. From the Damage by Analysis Years dialog box (see Figure 14.1,
page 14-1), from the General Information Reports box (see
Figure 14.2, page 14-1), click Warning Message Log. Click
Display Report, the Warning Message Log (Figure 14.8) will
open.

[ Fila_Worrsegag.out - Wordead =100 =]
Ohe Cdt Vew [set Fomat (e

Dizlel sl 4l Llval- |2

Fri Feb 2, 2007 6:54:55 AN Pacific Scandard Time =

Beg e plan Without, yeac 2009, stream 3 Fork Bear,  ceach SP-8

9610.000000 te  25743.570000
476. 760000 to 476. 761000

equEBEY CuEve

£o largesc

£830.000000 to  15631.510000

404.190000 to 404.191000
=

or stage
imit frequency cucve

atage 4762230 -
J o
For M, press 1 LU

Figure 14.8 Warning Message Log
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2. The Warning Message Log (see Figure 14.8, page 14-5) is a text
file that should be reviewed after each program computation. It
provides information such as the rating function was extended,
damage not zero at the minimum, etc. for each run. From this
information you might need to modify the input data used in the
analysis. Warning messages are always appended to this file and it
may get very large. When viewed, FDA opens WordPad so that
you can edit and print the file. If it is not opened by the FDA, you
can edit the file with any editor or delete the file. The file is named
"Fda_WarningMsg.out" and is located in the same subdirectory as
all of the database files for a study.

14.2 Damage Reach Summaries

The Damage Reach Summaries (Figure 14.9) consist of four different
types of probability function reports: discharge-probability, stage-

Damage reach

summaries probabilﬁty, damage- — Damage Reach Summaries
provide _ probability, and s Exceedance Probability - Dizcharge Funchion
information about damage reduced- {~ Exceedance Probability - Stage Function

the probability probability. These
functions. These || fnctions are "average"
functions are

curves that are

"average" curves . -
and should not be calculated from those Figure 14.9 Damage Reach Summaries Box

™ Exceedance Probability - [ amage Funchion

" Exceedance Probability - Mean Damage Beduced

used for generated during the
analytical Monte Carlo simulations, and cannot be used for analytical purposes such
PUTPOSES. as to compute expected annual damage. The Damage Reach Summaries

are therefore not active when you are not computing uncertainty during
the computation of EAD (see Section 13.2, pages 13-3 thru 13-5).

14.2.1 Exceedance Probability — Discharge Function

To view the Exceedance Probability-Discharge Function report and
plot:

1. From the Damage by Analysis Years dialog box (see Figure 14.1,
page 14-1), from the Damage Reach Summaries box (Figure
14.9); click Exceedance Probability — Discharge Function.

2. The Report Information box (see Figure 14.5, page 14-3) on the
Damage by Analysis Year dialog box (see Figure 14.1, page 14-1)
becomes active.

3. The Damage Reach Summaries reports are viewed by plan,
stream, analysis year, and damage reach. Therefore, you need to
select the appropriate plan from the Plan Name list, the appropriate
analysis year from the Analysis Year list, the appropriate stream
from the Stream Name list, and the appropriate damage reach from
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the Damage Reach Name list, in the Report Information box (see
Figure 14.5, page 14-3).

4. Click Display Report, the Exceedance Probability — Discharge
Function for Damage Reach report will open (Figure 14.10).

'ﬁ: Damage by Analysis Year - |I:I|£|

File  Help

Bear Creek - Plan Formulation
Exceedance Probablility - Discharge Function
far Damage Reach SF-8

Plan Mame:  'Without, “/fithout project condition
Analyziz Year: 2009
Stream Mame: S Fork Bear

Erceedance Dizcharge =
Probablility [ft.]
0.9330 300
0.9300 943
0.9500 1105
0.9000 1184
0.8000 1283
0.7000 1361
0.6000 1437 e
0.5000 1627
0.4750 1655
0.4500 1686
0.4250 1621
0.4000 1660
0.3750 1702
0.3500 1749
0.3250 1739
0.3000 1853
0.2750 1912
0.2500 15978
0.2250 2056
0.2000 2157 -
0 Ne

= Computations have not been completed
+ - Something haz changed and computations need to be redone

Figure 14.10 Exceedance Probability - Discharge Function Report

5. This report displays the average exceedance probability-discharge
function generated by the Monte Carlo simulation for the selected
damage reach. The analytical procedures used to develop the
function are described in Appendix G.

6. A sting of asterisks (*****) indicates that the computations for a
plan and analysis year have not been completed. A plus-sign (+)
indicates that something has changed in the data set for that
particular plan and analysis year and the computation needs to be
redone.
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7. To plot the average exceedance probability discharge function, on
the File menu, click Plot, the Exceedance Probability — Mean
Discharge Function for Damage Reach plot will open (Figure
14.11). After reviewing the plot, on the File menu, click Close the
Exceedance Probability — Mean Discharge Function for Damage

/% Damage by Analysis Year _(olx|

File Help

Bear Creek - Plan Fomulation
Excesdance Probablility - Mean Discharge Function
for Dlamage Feach SF-8

Plan Mame:  without, “Without project condition
Analpsiz vear, 2009
Stream Mame: S Fork Bear

100000

10000 ks
et

M

P i
1000 by

Meat Discharge [cfz)

100
9333 539 93 .80 50 A0 . 001 .00m

Euceedance Prabahbiliby

Figure 14.11 Exceedance Probability — Mean Discharge Function - Plot

Reach plot will close and return you to the Exceedance
Probability Discharge Function for Damage Reach report (see
Figure 14.10, page 14-7).

8. To print the report, on the File menu, click Print, the Print dialog
box will open (see Figure 14.4, page 14-3). Be sure the appropriate
printer has been selected, and click OK. The Print dialog box will
close and the report will print.

9. On the File menu, click Close, the Exceedance Probability -
Discharge Function for Damage Reach report will close (see
Figure 14.10, page 14-7) and you will return to the Damage by
Analysis Year dialog box (see Figure 14.1, page 14-1).

14.2.2 Exceedance Probability — Stage Function
To view the Exceedance Probability-Stage Function report and plot:
1. From the Damage by Analysis Years dialog box (see Figure 14.1,

page 14-1), from the Damage Reach Summaries box (see Figure
14.9, page 14-6); click Exceedance Probability — Stage Function.
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The Report Information box (see Figure 14.5, page 14-3) on the
Damage by Analysis Year dialog box (see Figure 14.1, page 14-1)
becomes active.

The Damage Reach Summaries reports are viewed by plan,
stream, analysis year, and damage reach. Therefore, you need to
select the appropriate plan from the Plan Name list, the appropriate
analysis year from the Analysis Year list, the appropriate stream
from the Stream Name list, and the appropriate damage reach from
the Damage Reach Name list, in the Report Information box (see
Figure 14.5, page 14-3).

Click Display Report, the Exceedance Probability — Stage
Function for Damage Reach report will open (Figure 14.12).

:-:\-:: Damage by Analysis Year =100 %]

File  Help

Bear Creek - Plan Formulation
Exceedance Probability - Stage Function
for Dlamage Reach SF-8

Plan Mame:  Without, Without project condition
Analyziz v'ear 2003

Stream Mame: 5 Fork Bear

Exceedance Stage -]
Frobability [ft]
0.5330 464.25
0.5300 464.55
0.5500 465,63
0.5000 466,13
0.8000 4BE.87
0.7000 467.42
0.5000 467.94 o
0.5000 462,40
0.4750 468,50
0.4500 4E8.60
0.4250 468,71
0.4000 468,82
0.3750 468,94
0.3500 469.05
0.3250 463.20
0.3000 469,35
0.2750 469,51
0.2500 483.70
0.2250 4639.591
0.2000 47015 -
K ;I_I

= Computations have not been completed
+ - Something has changed and computations need to be redone

Figure 14.12 Exceedance Probability - Stage Function Report

This report displays the average exceedance probability-stage
function generated by the Monte Carlo simulation for the selected
damage reach. The analytical procedures used to develop the
function are described in Appendix G.
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6. A sting of asterisks (*****) indicates that the computations for a
plan and analysis year have not been completed. A plus-sign (+)
indicates that something has changed in the data set for that
particular plan and analysis year and the computation needs to be
redone.

7. To plot the average exceedance probability stage function, on the
File menu, click Plot, the Exceedance Probability — Mean Stage
Function for Damage Reach plot will open (Figure 14.13). After
reviewing the plot, on the File menu, click Close the Exceedance

1ol x|
File  Help
Bear Creek - Plan Formulation
Exceedance Probability - Mean Stage Function
for Damage Reach SF-2
Plan Mame:  ‘Without, Without project condition
Analyziz Year: 2009
Stream Mame: 5 Fork Bear
478
476 ;"‘r‘
_ 474 ‘,,r“‘é!f
& 472
el
Loz}
5 470
L'
= ,u-""}l
458 =
4EE /
464
9933 999 .99 .90 50 0 .0 .001 0001
Exceedance Probability

Figure 14.13 Exceedance Probability — Mean Stage Function - Plot

Probability — Mean Stage Function for Damage Reach plot will
close and return you to the Exceedance Probability Stage
Function for Damage Reach report (see Figure 14.12, page 4-9).

8. To print the report, on the File menu, click Print, the Print dialog
box will open (see Figure 14.4, page 14-3). Be sure the appropriate
printer has been selected, and click OK. The Print dialog box will
close and the report will print.

9. Onthe File menu, click Close, the Exceedance Probability - Stage
Function for Damage Reach report will close (see Figure 14.12,
page 14-9) and you will return to the Damage by Analysis Year
dialog box (see Figure 14.1, page 14-1).

14.2.3 Exceedance Probability — Damage Function

To view the Exceedance Probability-Damage Function report and plot:

1. From the Damage by Analysis Years dialog box (see Figure 14.1,
page 14-1), from the Damage Reach Summaries box (see Figure
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14.9, page 14-6); click Exceedance Probability — Damage
Function.

The Report Information box (see Figure 14.5, page 14-3) on the
Damage by Analysis Year dialog box (see Figure 14.1, page 14-1)
becomes active.

The Damage Reach Summaries reports are viewed by plan,
stream, analysis year, and damage reach. Therefore, you need to
select the appropriate plan from the Plan Name list, the appropriate
analysis year from the Analysis Year list, the appropriate stream
from the Stream Name list, and the appropriate damage reach from
the Damage Reach Name list, in the Report Information box (see
Figure 14.5, page 14-3).

Click Display Report, the Exceedance Probability — Damage
Functions for Damage Reach report will open (Figure 14.14).

=10l x|
Fil=  Help
Bear Creek - Plan Formulation
Exceedance Probabliity - Damage Functions
for Damage Reach SF-8
[Dramage in $1.000'z)
Flan Mame:  Without, Without project condition
Analyziz vear: 2009
Streamn Mame: S Fork Bear
Exceedance Damage by Damage Categones Tatal ;l
Prahahility sPT | auto | coMW | PuB | RES | Damage
0.9300 0oz oz 0m 0.00 000 0.05
09500 041 03z n1a 0.00 0oz 0a5
09000 123 04a7 029 0.00 0.05 254
08000 325 256 076 0.00 01z (=)
0.7000 549 432 1.28 0.00 020 11.30
06000 a.04 £.34 1.88 0.00 030 16,56 —
0.5000 11.12 876 259 0.00 o4 22.89
0.4750 11.93 9.40 278 0.00 0.44 2455
0.4500 1275 10.05 298 0.00 047 26.25
0.4250 1362 10,73 118 0.00 s 28.04
0.4000 14.58 11.49 340 0.00 054 0.0z
0.3750 1573 12.39 1E7 0.00 0es 32,38
0.3500 17.25 13.69 403 0.00 064 35.51
0.3250 19,42 15.30 453 0.00 vz 39,98
0.3000 2228 17.55 B.20 0.00 nas 45,86
02750 2556 2013 595 0.00 0495 A2 B0
02500 29 44 2319 B&7 0.00 1.09 B0.EO
02250 3545 2792 827 0.00 132 7296
02000 5006 39.44 1168 0.00 1.86 1E|3.EEIL|
4] 3
””””” - Computations have niot been completed
+ - Something haz changed and computations need to be redone

Figure 14.14 Exceedance Probability - Damage Functions Report

This report displays the average exceedance probability-damage
function generated by the Monte Carlo simulation for the selected
damage reach. The analytical procedures used to develop the
function are described in Appendix G.
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6. A sting of asterisks (*****) indicates that the computations for a
plan and analysis year have not been completed. A plus-sign (+)
indicates that something has changed in the data set for that
particular plan and analysis year and the computation needs to be
redone.

7. To plot the average exceedance probability damage functions, on
the File menu, click Plot, the Exceedance Probability — Mean
Damage Function for Damage Reach plot will open (Figure
14.15). After reviewing the plot, on the File menu, click Close the
Exceedance Probability - Mean Damage Function for Damage

= [l

File Help

Bear Creek - Plan Formulation
Exceedance Probability - Mean Damage Function
for Damage Reach SF-8

Flan Mame:  “without, “Without project condition
Analysiz Year. 2009
Stream Mame: 5 Fork Bear

30000
20000 /
10000 2

0 SR S — coul
9993 999 .99 A0 50 0 .m 001 .00

Mean Damage ($1.000'z)

Figure 14.15 Exceedance Probability — Mean Damage Function - Plot

Reach plot will close and return you to the Exceedance
Probability Damage Functions for Damage Reach report (see
Figure 14.14, page 14-11).

8. To print the report, on the File menu, click Print, the Print dialog
box will open (see Figure 14.4, page 14-3). Be sure the appropriate
printer has been selected, and click OK. The Print dialog box will
close and the report will print.

9. On the File menu, click Close, the Exceedance Probability
Damage Functions for Damage Reach report will close (see
Figure 14.14, page 14-11) and you will return to the Damage by
Analysis Year dialog box (see Figure 14.1, page 14-1).

14.2.4 Exceedance Probability — Mean Damage Reduced

To view the Exceedance Probability-Mean Damage Reduced report and
plot:
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From the Damage by Analysis Years dialog box (see Figure 14.1,
page 14-1), from the Damage Reach Summaries box (see Figure
14.9, page 14-6); click Exceedance Probability — Mean Damage
Reduced.

The Report Information box (see Figure 14.5, page 14-3) on the
Damage by Analysis Year dialog box (see Figure 14.1, page 14-1)
becomes active.

The Damage Reach Summaries reports are viewed by plan,
stream, analysis year, and damage reach. Therefore, you need to
select the appropriate plan from the Plan Name list, the appropriate
analysis year from the Analysis Year list, the appropriate stream
from the Stream Name list, and the appropriate damage reach from
the Damage Reach Name list, in the Report Information box (see
Figure 14.5, page 14-3).

Click Display Report, the Exceedance Probability — Mean
Damage Reduced for Damage Reach report will open (Figure
14.16).

: ~loj x|
This report Fils Help
dlsplays the Bear Creek - Plan Formulation
ave rage Exceedance Probability - Mean Damage Reduced
exceedance for Damage Reach SF-8
[Mean Damage in $1.000%]

prObabl I Ity'mean [EAD not calculated from the dizplayed damage frequency curves.
damage reduced The curves are approrimate and negative differences may result].
Values for the Flan Mame:  "Without, "ithout project condition

X Analpsis vear: 2003
WIthOUt-and Stream Mame: 5 Fork Bear

with-project

.- Total Mean Damage Mean -
conditions and Erceedance Wit with D r
the associated Prabakbility Prlut:iec:?tt F'ro:fact H:;:f:d

10,9390 0.00 0.00 0oo

mean damage 0.9900 0.05 0.05 0.00

reduced 0.9500 0.85 0.85 ana

0.9000 254 254 0on

generated by the 0.8000 E.69 E.E9 0oo
Monte Carlo 0.7000 11.20 11.30 0.00 —

simulation for 0.6000 16.56 1656 ana

0.5000 2289 2289 ana

the selected 0.4750 2455 2455 0.oo

damage reach. 0.4500 2525 2625 0.00

. 0.4250 28.04 28,04 0oo

The analytical 0.4000 0oz an oz ana

procedures used 03750 3238 3238 0.00

to develop the 0.3500 35 51 3551 0on

. 0.3250 39.99 39.99 0oo
function are 0.3000 4566 4586 0.00
described in 0.2750 52,50 5260 0.00

. 0.2500 B0.60 6160 ana
App_endlx F. 0.2250 72.96 7296 0oo
A sting of 0.2000 103.05 103.05 000~
asterisks (*****) |4l -
indicatec that the = - Computations h b Ieted
|ndlcateS that the + - Soonr;ELt‘h?n:;ESas i;z:;ed Z?EI E:ET’lESt:tions need to be redone
goprra[;]u;?]téons or Figure 14.16 Exceedance Probability - Mean Damage

: Reduced Report
analysis year
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have not been completed. A plus-sign (+) indicates that something
has changed in the data set for that particular plan and analysis year
and the computation needs to be redone.

7. To plot the average exceedance probability mean damage reduced
function, on the File menu, click Plot, the Exceedance Probability
— Mean Damage Reduced for Damage Reach plot will open
(Figure 14.17). After reviewing the plot, on the File menu, click
Close the Exceedance Probability — Mean Damage Reduced for

Av:-; Damage by Analysis Year - |EI|5|

File  Help

Bear Creek - Plan Farmulation
Exceedance Probability - Mean Damage Reduced
for Dlamage Reach SF-8

Plan Mame:  Without, “Without project condition
Analysiz Year: 2009
Streamn Mame: S Fork Bear

30000
20000 /
10000

I} 5 L . i tisisiiisisinisiol
9933 939 .83 .80 .50 0 .01 001 000
Exceedatice Probability

Total Mean Damage

|—0— Wwithout Project ===+ === with Project Mean Damage Heducedl

Figure 14.17 Exceedance Probability — Mean Damage Reduced - Plot

Damage Reach plot will close and return you to the Exceedance
Probability Mean Damage Reduced for Damage Reach report
(see Figure 14.16, page 14-13).

8. To print the report, on the File menu, click Print, the Print dialog
box will open (see Figure 14.4, page 14-3). Be sure the appropriate
printer has been selected, and click OK. The Print dialog box will
close and the report will print.

9. On the File menu, click Close, the Exceedance Probability Mean
Damage Reduced for Damage Reach report will close (see Figure
14.16, page 14-13) and you will return to the Damage by Analysis
Year dialog box (see Figure 14.1, page 14-1).

14.3 Expected Annual Damage

The Expected Annual Damage reports (see Figure 14.18, page 14-15)
consist of four primary reports on expected annual damage: 1) by damage
categories, 2) damage reduced and distributed, 3) by plans and analysis
years, and 4) by analysis years.
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The expected
annual damage
reports provide
information on
the calculated
expected annual
damage.

— Expected Annual Damage

Summary Type Summary [nformation
{+ By Damage Categornies + Planz
{~ Damage Reduced Distribution {~ Damage Reaches

{~ By Plan & &nalysis Years
 Analysis Years

Figure 14.18 Expected Annual Damage Box

14.3.1 By Damage Categories - Plans

To view the By Damage Categories - Plans report:

1.

From the Damage by Analysis Years dialog box (see Figure 14.1,
page 14-1), from the Expected Annual Damage box (Figure
14.18); click By Damage Categories in the Summary Type
section. This report can be displayed either by plans for a selected
analysis year or by damage reaches for a selected plan. To display
this report by plans, click Plans in the Summary Information
section (Figure 14.18).

The Report Information box (see Figure 14.5, page 14-3) on the
Damage by Analysis Year dialog box (see Figure 14.1, page 14-1)
becomes active.

The By Damage Categories - Plans report is viewed by analysis
year, therefore, you need to select the appropriate analysis year
from the Analysis Year list, in the Report Information box (see
Figure 14.5, page 14-3).

Click Display Report, the Expected Annual Damage by Damage
Categories and Plans report will open (Figure 14.19).

/& pamage by Analysis Year =101 x|
File Help

Damage: Damage Damage Categories il
Stream Reach Reach
gz e i &PT | aUTD | comM [ PUB | RES
Name Description Name Description Total
S Fork Bear | South Fork Bear Creck. SF8 BASHFORD MANOR LN TOBARDSTOWN RD SM. 304996 15211 11983 3543 000 G585 31309
SF3 BARDSTOWN RD TO DOWNING WY SM. 3.9510.363 42784 1188 7995 013 633 58320
Total for stream: § Fork Bear 57395 13170 11545 013 6404 83629

; o

- Computations have not been completed.
+ - Something has changed and computations need ta be redone.

Figure 14.19 Expected Annual Damage by Damage Categories and Plans
Report

This report displays the total damage by plans for a selected
analysis year.

A sting of asterisks (*****) indicates that the computations for a
plan and analysis year have not been completed. A plus-sign (+)
indicates that something has changed in the data set for that
particular plan and analysis year and the computation needs to be
redone.
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7. To print the report, on the File menu, click Print, the Print dialog
box will open (see Figure 14.4, page 14-3). Be sure the appropriate
printer has been selected, and click OK. The Print dialog box will
close and the report will print.

8. On the File menu, click Close, the Expected Annual Damage by
Damage Categories and Plans report will close (see Figure 14.19,
page 14-15) and you will return to the Damage by Analysis Year
dialog box (see Figure 14.1, page 14-1).

14.3.2 By Damage Categories — Damage Reaches
To view the By Damage Categories — Damage Reaches report:

1. From the Damage by Analysis Years dialog box (see Figure 14.1,
page 14-1), from the Expected Annual Damage box (see Figure
14.18, page 14-15); click By Damage Categories in the Summary
Type section. This report can be displayed either by plans for a
selected analysis year or by damage reaches for a selected plan. To
display this report by damage reaches, click Damage Reaches in
the Summary Information section (see Figure 14.18, page 14-15).

2. The Report Information box (see Figure 14.5, page 14-3) on the
Damage by Analysis Year dialog box (see Figure 14.1, page 14-1)
becomes active.

3. The By Damage Categories — Damage Reaches report is viewed
by plan and analysis year. Therefore, you need to select the
appropriate plan from the Plan Name list, and the appropriate
analysis year from the Analysis Year list, in the Report
Information box (see Figure 14.5, page 14-3).

4. Click Display Report, the Expected Annual Damage by Damage
Categories and Damage Reaches report will open (Figure 14.20).

=] ]
File  Help
Bear Creek - Plan Formulation
Expected Annual Damage by Damage Categonies and Flans
far Analyzis Year 2009
[Dramage in $1.000')
Flan | [ amage Categories | Tatal ;I
Name Plan Description [ 2T [ AUT0 [ cowMM [ PUB [ RES | Damage
Without  without project condition 579.95 131.70 115.45 013 £49.04 896.29
Plarn 1 Detention + Channel Imp. 4674 21.29 39.81 0.05 53.81 536.69
Plan 2 Floodwall Qrly 44830 161.95 32875 0.43 91.48 1020.95
Plan 3 Detention, Channel Imp.. and Floodwall 95.32 2375 90.96 010 2327 233.40
< Ll_l

- Computations have not been completed
+ - Something has changed and computations need to be redone

Figure 14.20 Expected Annual Damage by Damage Categories and
Damage Reaches Report

5. This report displays the total damage by damage reaches for a
selected plan and analysis year.
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A sting of asterisks (*****) indicates that the computations for a
plan and analysis year have not been completed. A plus-sign (+)
indicates that something has changed in the data set for that
particular plan and analysis year and the computation needs to be
redone.

To print the report, on the File menu, click Print, the Print dialog
box will open (see Figure 14.4, page 14-3). Be sure the appropriate
printer has been selected, and click OK. The Print dialog box will
close and the report will print.

On the File menu, click Close, the Expected Annual Damage by
Damage Categories and Damage Reaches report will close (see
Figure 14.20, page 14-17) and you will return to the Damage by
Analysis Year dialog box (see Figure 14.1, page 14-1).

14.3.3 Damage Reduced Distribution - Plans

To view the Damage Reduced Distribution - Plans report:

1.

From the Damage by Analysis Years dialog box (see Figure 14.1,
page 14-1), from the Expected Annual Damage box (see Figure
14.18, page 14-14); click Damage Reduced Distribution in the
Summary Type section. This report can be displayed either by
plans for a selected analysis year or by damage reaches for a
selected plan. To display this report by plans, click Plans in the
Summary Information section (see Figure 14.18, page 14-15).
The Report Information box (see Figure 14.5, page 14-3) on the
Damage by Analysis Year dialog box (see Figure 14.1, page 14-1)
becomes active.

The Damage Reduced Distribution - Plans report is viewed by
analysis year, therefore, you need to select the appropriate analysis
year from the Analysis Year list, in the Report Information box
(see Figure 14.5, page 14-3).

Click Display Report, the Expected Annual Damage Reduced
and Distributed by All Plans report will open (see Figure 14.21,
page 14-18).

This report displays the expected annual damage for the without-
and with-project conditions for all plans for a selected analysis year.
It also displays the distribution of expected annual damage reduced
by plan in terms of the probability that the damage reduced exceeds
a value for the probabilities of .75, .50, and .25. For example (see
Figure 14.21, page 14-18), there is a .75 probability that the damage
reduced for Plan 1 exceeds 230.51, a .50 probability that it exceeds
322.27 and a .25 probability it exceeds 448.40.

A sting of asterisks (*****) indicates that the computations for a
plan and analysis year have not been completed. A plus-sign (+)
indicates that something has changed in the data set for that
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=0l

File Help

Biear Creek - Plan Formulation
Expected Annual Damage Reduced and Distributed
by All Plans for Analysis Year 2009
[Damage in $1,000%]

Probahility D amage Reduced ;I

Expected Annual Damage Exceeds Indicated Values
Total Tatal
Flan Flan withaut itk D amage | |
Mame Description Project Project Reduced 75 .50 .25

“Wwithaut  Without project condition 896.29 896.29 0.00 0.00 0.00 0.00
Plan 1 Detertion + Channel Imp. 836.29 536.69 359,60 23051 32227 448.40
Plan 2 Floodwall Only 836.29 1020.95 12467 39.45 -103.30 -263.20
Plan 3 Detention, Channel Imp.. and Floodwall 836.23 233,40 E62 83 542.00 B27.20 750.80

o o

- Computations have not been completed
+ - Something has changed and computations need to be redone

Figure 14.21 Expected Annual Damage Reduced and Distributed by All
Plans Report

particular plan and analysis year and the computation needs to be
redone.

To print the report, on the File menu, click Print, the Print dialog
box will open (see Figure 14.4, page 14-3). Be sure the appropriate
printer has been selected, and click OK. The Print dialog box will
close and the report will print.

On the File menu, click Close, the Expected Annual Damage
reduced and Distributed by All Plans report will close (Figure
14.21) and you will return to the Damage by Analysis Year dialog
box (see Figure 14.1, page 14-1).

14.3.4 Damage Reduced Distribution — Damage Reaches

To view the Damage Reduced Distribution — Damage Reaches report:

1.

From the Damage by Analysis Years dialog box (see Figure 14.1,
page 14-1), from the Expected Annual Damage box (see Figure
14.18, page 14-15); click Damage Reduced Distribution in the
Summary Type section. This report can be displayed either by
plans for a selected analysis year or by damage reaches for a
selected plan. To display this report by damage reaches, click
Damage Reaches in the Summary Information section (see
Figure 14.18, page 14-15).

The Report Information box (see Figure 14.5, page 14-3) on the
Damage by Analysis Year dialog box (see Figure 14.1, page 14-1)
becomes active.

The Damage Reduced Distribution — Damage Reaches report is
viewed by plan and analysis year. Therefore, you need to select the
appropriate plan from the Plan Name list, and the appropriate
analysis year from the Analysis Year list, in the Report
Information box (see Figure 14.5, page 14-3).
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4.

Click Display Report, the Expected Annual Damage Reduced
and Distributed for the Plan report will open (Figure 14.22).

45 Damage by Analysis Year =0l
Fie Help

Bear Creek - Plan Formulation

) Probabilty Damage Reduced | ~ |
aaaaaa Exceeds Incicaled Values

amage
each

2

B
Stieam Stisam o | o | Roicss
Hame Desoiiption ame Desoription Project | Reduced 75 50 *
S Fork Boar  South Fork Beat Creck 578 BASHFOFD MANOR LN 10 BARDSTOWN RD 5M. 505,58 31308 a0 WED2 16843 220 532ES
B BARDSTOWN RD TO DOWNING W SM, 39610353 58320 48362 9353 5202 407 11587
Total for stream: S Fork Bear 89529 536 69 FAED 20051 IRVJ 44840

ol

=

*= . Computations have not ben completed
+  -Something has changed and computations heed to be redone:

Figure 14.22 Expected Annual Damage Reduced and Distributed for the
Plan Report

This report displays the expected annual damage for the without-
and with-project conditions by damage reach for the selected plan
and analysis year. It also displays the distribution of expected
annual damage reduced by damage reach in terms of the probability
that the damage reduced exceeds a value for the probabilities of .75,
.50, and .25. For example (Figure 14.22), there is a .75 probability
that the damage reduced for Plan 1 exceeds 230.51, a .50
probability that it exceeds 322.27 and a .25 probability it exceeds
448.40.

A sting of asterisks (*****) indicates that the computations for a
plan and analysis year have not been completed. A plus-sign (+)
indicates that something has changed in the data set for that
particular plan and analysis year and the computation needs to be
redone.

To print the report, on the File menu, click Print, the Print dialog
box will open (see Figure 14.4, page 14-3). Be sure the appropriate
printer has been selected, and click OK. The Print dialog box will
close and the report will print.

On the File menu, click Close, the Expected Annual Damage
Reduced and Distributed by All Plans report will close (Figure
14.22) and you will return to the Damage by Analysis Year dialog
box (see Figure 14.1, page 14-1).

14.3.5 By Plan & Analysis Years

To view the By Plan and Analysis Years report:

1.

From the Damage by Analysis Years dialog box (see Figure 14.1,
page 14-1); from the Expected Annual Damage box (see Figure
14.18, page 14-15); click By Plan & Analysis Years in the
Summary Type section.

Click Display Report, the Expected Annual Damage Plans and
Analysis Years report will open (see Figure 14.23, page 14-20).
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.E; Damage by Analysis Year -0 x|

Fil=  Help

Bear Creek - Plan Formulation
E xpected Annual D amage by Plans and Analyziz Years
[ Damage in $1.000' |

Base Mozt ;I

Flat Year Lik el Future

Mame Plan Dezcription 2009 2030
Wwithout “Without project condition 89629 1094.69
Flar 1 Detention + Channel Imp. R36.69 591.36
Plan 2 Floodwall Oriy 102095 1521.62
Flan 3 Detention, Channel Imp.. and Floodwall 23340 333.00
< _’I_I

xxxxx

- Computations have not been completed
+ - Something has changed and computations need to be redone

Figure 14.23 Expected Annual Damage by Plans and Analysis Years
Report

This report displays the expected annual damage values for the base
year and most likely future year by plan.

A sting of asterisks (*****) indicates that the computations for a
plan and analysis year have not been completed. A plus-sign (+)
indicates that something has changed in the data set for that
particular plan and analysis year and the computation needs to be
redone.

To print the report, on the File menu, click Print, the Print dialog
box will open (see Figure 14.4, page 14-3). Be sure the appropriate
printer has been selected, and click OK. The Print dialog box will
close and the report will print.

On the File menu, click Close, the Expected Annual Damage
reduced and Distributed by All Plans report will close (Figure
14.23) and you will return to the Damage by Analysis Year dialog
box (see Figure 14.1, page 14-1).

14.3.6 Analysis Years

To view the Analysis Years report:

1.

From the Damage by Analysis Years dialog box (see Figure 14.1,
page 14-1), from the Expected Annual Damage box (see Figure
14.18, page 14-15); click Analysis Years in the Summary Type
section.

The Report Information box (see Figure 14.5, page 14-3) on the
Damage by Analysis Year dialog box (see Figure 14.1, page 14-1)
becomes active.
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The Analysis Years report is viewed by plan, therefore, you need to
select the appropriate plan from the Plan Name list, in the Report
Information box (see Figure 14.5, page 14-3).

Click Display Report, the Expected Annual Damage by Analysis
Years for Plan report will open (Figure 14.24).

il
File Help
Bear Creek - Plan Formulation
Expected Annual Damage by Analysiz Years for Plan 1 (Detention + Channel Imp.] Plan
[Damage in $1.000's)
Base Most ﬂ
Stream Damage Reach Year Likely Future:
Nare Streamn Description Mame Damage Reach Description 2003 2030
5 Fork Bear South Fork Bear Creek SF-8 BASHFORD MANOR LN TO BARDSTOWN RD SM. 5.0-9.96 47.07 6375
SF-9 BARDSTOWH RD TO DOWNING WY SM. 9.96-10.363 489,62 528.21
Total for sheam: 5 Fork Bear 536.69 591.96
&
14 »
“““““ - Computations have not been completed
+ - Something has changed and computations need to be redone

Figure 14.24 Expected Annual Damage by Analysis Years for Plan
Report

This report summarizes expected annual damage by damage reach
for the base and most likely future years for a selected plan. It also
calculates a subtotal of damage for each stream.

A sting of asterisks (*****) indicates that the computations for a
plan and analysis year have not been completed. A plus-sign (+)
indicates that something has changed in the data set for that
particular plan and analysis year and the computation needs to be
redone.

To print the report, on the File menu, click Print, the Print dialog
box will open (see Figure 14.4, page 14-3). Be sure the appropriate
printer has been selected, and click OK. The Print dialog box will
close and the report will print.

On the File menu, click Close, the Expected Annual Damage by
Analysis Years for Plan report will close (Figure 14.24) and you
will return to the Damage by Analysis Year dialog box (see Figure
14.1, page 14-1).
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CHAPTER 15

Other HEC-FDA Results

Once computations are finished, HEC-FDA provides three major groups
of reports; in Chapter 14 the Damage by Analysis Years reports have
already been discussed. The other two groups of reports are the
Equivalent Annual Damage Analysis and the Project Performance
reports. These reports are consistent with requirements of Corps planning
regulations for formulation and evaluation of flood damage reduction
plans. There are also additional FDA reports that are not available directly
from the FDA interface. See Section 15.3 (page 15-12) for further details.

15.1 Equivalent Annual Damage Analysis Reports

The Equivalent
Annual Damage
Analysis reports
display the results
of the
computation of
equivalent annual
damage.

There are three types of reports: 1) data management summary, 2)
equivalent annual damage reduced and distributed, and 3) equivalent
annual damage by damage category.

To access the equivalent annual damage analysis reports:

1.  From the FDA main window (see Chapter 2, Section 2.1, Figure
2.1, page 2-2), on the Evaluation menu, point to Results, click
Equivalent Annual Damage Analysis.

2. The Equivalent Annual Damage Analysis dialog box will open
(Figure 15.1).

=] .

Fil=  Help

— General Information Report

{+ [Dlata Management Summary

— Summary Reportg ————————— Surmrmany [akormation —
" Reduced and Distribution {* Flans
i~ By Damage Categories {~ Damage Feaches

— Report Information
Flati MHanme: I j
Display Beport... |

Figure 15.1 Equivalent Annual Damage Analysis Dialog Box
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3. From this dialog box, you will access the three different types of
reports that make up the results from the equivalent annual damage
analysis computation.

15.1.1 Data Management Summary

This report provides a summary of the plans that were selected for the
equivalent annual damage analysis computation.

To view the Data Management Summary report:

1. From the Equivalent Annual Damage Analysis dialog box (see
Figure 15.1, page 15-1), from the General Information Report
box, click Data Management Summary. Click Display Report,
the Data Management Summary report (Figure 15.2) will open.

=1k
Fil=  Help
Bear Creek - Plan Formulation
[rata kanagement Summary
Monetary Units: $1.000'
Discount Rate: 7.625
Analyzis Period: 50 Years
Flan L D ate of . ;I
Name Flan Description Execution | Uncertainty |
without “wihithout project condition Fri Feb 2. 2007 7:07:31 AM Pacific Stand s
Flan 1 Detention + Channel lmp. Fri Feb 2. 2007 7:07:33 AM Pacific Stand v
Plan 2 Floodwall Only Fri Feb 2. 2007 7:07:35 AM Pacific Stand v
Plan 3 Detention. Channel Imp., and Floodwall — Fri Feb 2, 2007 7:07:37 &M Pacific Stand v

" o

- Computations have not been completed.
+ - Something has changed and computations need to be redone.

Figurel5.2 Data Management Summary Report

2. The report displays information about the equivalent annual damage
analysis computation. This reporting is done by plan and you can
verify that a particular plan did get computed, and whether or not
uncertainty was also computed.

3. Assting of asterisks (*****)indicates that the computations for a
plan have not been completed. A plus-sign (+) indicates that
something has changed in the data set for that particular plan and
the computation needs to be redone.

4. To print the report, on the File menu, click Print, the Print dialog
box will open (see Figure 15.3, page 15-3). Be sure the appropriate
printer has been selected, and click OK. The Print dialog box will
close and the report will print.
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5. On the File menu, click Close, the Data Management Summary

et 21|

— Frinter

Mame:  [\WR-SMIHEC hec. ds.usace. amy.miw v | Propetties... |

Status: Fieady
Type: HF Laserlet 2200 Senes PCL B
Where:  [WHR-HELC ‘W ater Resources

Comment: ™ Print to file
— Print range Copies
= Al Mumber of copies: m
" Pages _frnm:lﬂ_ _to:lﬂ—
" Selection @ ok
ITI Cancel I

Figure 15.3 Print Dialog Box

report will close (see Figure 15.2, page 15-2) and you will return to
the Damage by Analysis Year dialog box (see Figure 15.1, page
15-1).

15.1.2 Summary Reports

The two available summary reports can either be displayed by plan or by
damage reach. These two report display the equivalent annual damage
reduced and distributed, and the equivalent annual damage by damage
category.

Reduced and Distribution - Plans
To view the Reduced and Distribution - Plans report:

1. From the Equivalent Annual Damage Analysis dialog box (see
Figure 15.1, page 15-1), from the Summary Reports box, click
Reduced and Distribution. This report can be displayed either by
all plans or by damage reaches for a selected plan. To display this
report by all plans, click Plans in the Summary Information box.

2. Click Display Report, the Equivalent Annual Damage Reduced
and Distributed by Plans report will open (see Figure 15.4, page
15-4).

3. This report displays equivalent annual damage for the without- and
with-project conditions and the associated damage reduced for all
plans. The report also displays the distribution of equivalent annual
damage reduced by a plan in terms of the probability that the
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£
o

“ Equivalent Annual Damage Analysis - ol =l

File  Help

Bear Creek - Plan Fomulation
E quivalent &nnual ['amage Feduced and Distibuted by Plans
[Damage in $1.000')

Discount Rate: 7.625
Analyzis Period: 50 Years

Frobability D amage Feduced ;I

Equivalent Arnual D amage Exceeds Indicated Values
Tatal Tatal
Plan Flan withot “iith Damage | |
Name Description Praject Project Reduced 75 .50 25

Without  Without project condition 9591.08 991.08 0.00 0.00 0.00 0.00
Plan 1 Detention + Charnel Imp. 991.08 563.10 427.99 272 38510 53492
Plan 2 Floodwal Only 991.08 126017 -269.09 -458.31 -281.34 -§2.05
Flan 3 Detention, Channel Imp., and Floodwall 991.08 28385 FO7.23 7569 E72 68 a00.m

o o

- Computations have not been completed.
+ - Something has changed and computations need to be redane.

Figure 15.4 Equivalent Annual Damage Reduced and Distributed by
Plans Report

damage reduced exceeds a value for the probabilities of .75, .50,
and .25. For example (Figure 15.4), for Plan 1, there isa .75
probability that the equivalent annual damage reduced is greater
than 272.31, a .50 probability it is greater than 385.10, and a .25
probability it is greater than 534.92.

A sting of asterisks (*****) indicates that the computations for a
plan have not been completed. A plus-sign (+) indicates that
something has changed in the data set for that particular plan and
the computation needs to be redone.

To print the report, on the File menu, click Print, the Print dialog
box will open (see Figure 15.3, page 15-3). Be sure the appropriate
printer has been selected, and click OK. The Print dialog box will
close and the report will print.

On the File menu, click Close, the Equivalent Annual Damage
Reduced and Distributed by Plans report will close (Figure 15.4)
and you will return to the Damage by Analysis Year dialog box
(see Figure 15.1, page 15-1).

Reduced and Distribution — Damage Reaches

To view the Reduced and Distribution — Damage Reaches report:

1.

From the Equivalent Annual Damage Analysis dialog box (see
Figure 15.1, page 15-1), from the Summary Reports box, click
Reduced and Distribution. This report can be displayed either by
all plans or by damage reaches for a selected plan. To display this
report by damage reaches, click Damage Reaches in the Summary
Information box.
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The Report Information box on the Equivalent Annual Damage
Analysis dialog box (see Figure 15.1, page 15-1) becomes active.
The Reduced and Distribution — Damage Reaches report is
viewed by plan; therefore, you need to select the appropriate plan
from the Plan Name list in the Report Information box.

Click Display Report, the Equivalent Annual Damage Reduced
and Distributed for the Plan report will open (Figure 15.5).

& Equivalent Annual Damage Analysis =10l x|
Eile Help

Bear Creek - Plan Fomulation
Equivalent &nrual Damage Reduced and Distributed for the
Plan 1 Deh + Charnel lmp. Plan

in $1,000%)

Probabilty Damage Reduced [ = |
Equivalent Anvusl Damage Enceeds Indicated Values

mage

Shieam Stream ach E Wit i
Hame Description: ame Description Proiecl | Praject s s0 | 25

GFarkBear SouhFokBearCresk  SF9 BASHFORD MANDR LM T0 BARDSTOWN RD SM. 9.09.95 18 5504 3015 19713 21720 3490

SR BARDSTOWN RD TO DOWNING WY SM. 9.9610.363 6550 50806 11784 7518 10790 150.02

Totalfor stisam: 5 Fork Bear 0B 56310 42789 27231 38510 5382

s
Damage:
Reduce

o
o
=Dz

o o

- Computations hawe not been completed
Something has changed and computations need ta be redone.

Figure 15.5 Equivalent Annual Damage Reduced and Distributed by
Damage Reaches Report

This report displays equivalent annual damage for the without- and
with-project conditions and the associated damage reduced for the
selected plan by damage reach. The report also displays the
distribution of equivalent annual damage reduced by damage reach
in terms of the probability that the damage reduced exceeds a value
for the probabilities of .75, .50, and .25. For example (Figure 15.5),
for Plan 1, there is a .75 probability that the equivalent annual
damage reduced is greater than 272.31, a .50 probability it is greater
than 385.10, and a .25 probability it is greater than 534.92.

A sting of asterisks (*****) indicates that the computations for a
plan have not been completed. A plus-sign (+) indicates that
something has changed in the data set for that particular plan and
the computation needs to be redone.

To print the report, on the File menu, click Print, the Print dialog
box will open (see Figure 15.3, page 15-3). Be sure the appropriate
printer has been selected, and click OK. The Print dialog box will
close and the report will print.

On the File menu, click Close, the Equivalent Annual Damage
Reduced and Distributed for the Plan report will close (Figure
15.45) and you will return to the Damage by Analysis Year dialog
box (see Figure 15.1, page 15-1).

By Damage Categories - Plans

To view the By Damage Categories - Plans report:
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1. From the Equivalent annual Damage analysis dialog box (see
Figure 15.1, page 15-1), from the Summary Reports box, click By
Damage Categories. This report can be displayed either by all
plans or by damage reaches for a selected plan. To display this
report by all plans, click Plans in the Summary Information box.

2. Click Display Report, the Equivalent Annual by Damage
Categories and Plans report will open (Figure 15.6).

=0l x|
File Help
Eear Creek - Plan Formulation
Equivalent Annual Damage by Damage Categaries and Plans
[Damage in $1.000')
Discount Rate: 7625
Analyzis Period: 50%ears
Equivalent Annual Damage ;I
for Damage Categaries Tatal
Plan Name Plan Description APT [ 4ut0 | CoMd [ PUB [ RES Damage
wfithout “without project condition 613.93 161.48 141.07 014 441 991.08
Flan 1 Detention + Charnel Imp. 430,77 24.38 45.29 0.05 B2E2 563.10
Plan 2 Floodwall Only 545.06 188,38 412.00 050 11422 126017
Flan 3 Detention, Channel Imp., and Floodwall 118.70 2761 108.29 011 2914 28385

" o

- Computations have not been completed
+ - Something has changed and computations need to be redone.

Figure 15.6 Equivalent Annual Damage by Damage Categories and
Plans Reports

3. This report displays equivalent annual damage for all damage
categories by plan.

4. A sting of asterisks (*****) indicates that the computations for a
plan have not been completed. A plus-sign (+) indicates that
something has changed in the data set for that particular plan and
the computation needs to be redone.

5. To print the report, on the File menu, click Print, the Print dialog
box will open (see Figure 15.3, page 15-3). Be sure the appropriate
printer has been selected, and click OK. The Print dialog box will
close and the report will print.

6. On the File menu, click Close, the Equivalent Annual Damage by
Damage Categories and Plans report will close (Figure 15.6) and
you will return to the Damage by Analysis Year dialog box (see
Figure 15.1, page 15-1).

By Damage Categories — Damage Reaches

To view the By Damage Categories — Damage Reaches report:

1. From the Equivalent Annual Damage Analysis dialog box (see
Figure 15.1, page 15-1), from the Summary Reports box, click By
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Damage Categories. This report can be displayed either by all
plans or by damage reaches for a selected plan. To display this
report by damage reaches, click Damage Reaches in the Summary
Information box.

The Report Information box on the Equivalent Annual Damage
Analysis dialog box (see Figure 15.1, page 15-1) becomes active.
The By Damage Categories — Damage Reaches report is viewed
by plan; therefore, you need to select the appropriate plan from the
Plan Name list in the Report Information box.

Click Display Report, the Equivalent Annual Damage by
Damage Categories and Damage Reaches for the Plan report
will open (Figure 15.7).

Bear Creck - Flan Formnulation
Equivalent &nnusl Damage by Damage Categories and Damags Fieaches
ha

for the Plan 1 (Detention + Channel Imp.) plan
{Damage in $1,000's)

Discount Rate: 7.625
Analysis Period: 50 ears
Plan was calculated with Uncertainty

Damage Equivalent Annual D amage =]
Reach or Damage Categaries Total
Name. Description Description | _&pT [ AuTO COMM PUE_ | RES | Damage
5 Fork Bear  South Fork Bear Creek 5F-8 BASHFORD MANOR LN TO BARDSTOWN RD 5M.30495 3303 13.37 125 00 1.8 55.04
3 BARDSTOWN RD TO DOWMING W 5. 9.56-10.363 39773 6. 4404 0.05 B1.23 HOB.OE
Total for sheam: S Fark Bear 43077 2438 45.29 005 6262 563.10

Stream Stream

Damaa
Reach
Name

o o

- Computations have not been completed.
+ - Something has changed and computations need 10 be redone.

Figure 15.7 Equivalent Annual Damage by Damage Categories and
Damage Reaches Report

This report displays equivalent annual damage for all damage
categories by damage reach for the selected plan.

A sting of asterisks (*****) indicates that the computations for a
plan have not been completed. A plus-sign (+) indicates that
something has changed in the data set for that particular plan and
the computation needs to be redone.

To print the report, on the File menu, click Print, the Print dialog
box will open (see Figure 15.3, page 15-3). Be sure the appropriate
printer has been selected, and click OK. The Print dialog box will
close and the report will print.

On the File menu, click Close, the Equivalent Annual Damage by
Damage Categories and Damage Reaches for the Plan report
will close (Figure 15.7) and you will return to the Damage by
Analysis Year dialog box (see Figure 15.1, page 15-1).

15.2 Project Performance Reports

The project performance reports display information about the
hydrologic/hydraulic performance of a plan. There are three types of
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reports: 1) a list of target stages by damage reach and analysis year for a
selected plan, 2) project performance by damage reach for a selected plan
and year, and, 3) project performance by plan and damage reach for a
selected analysis year.

To access the project performance reports:

1.

From the FDA main window (see Chapter 2, Section 2.1, Figure
2.1, page 2-2), on the Evaluation menu, point to Results, click
Project Performance.

The Project Performance dialog box will open (Figure 15.8).

=101 =]

File Help

— Reports:
{+ Target Stages by D'amage Reach

— Perfamance By:
= Damage Reach
" Plan + Damage Feach

— Repart Informatian

Plan M ame: I j

BSnalysiz Yearn I j

[izplay Beport... |

Figure 15.8 Project Performance Dialog Box

From this dialog box, you will access the three different types of
reports that make up the results for project performance. All three
reports contain some of the same information, below are definitions
of some the items being reported:

Target Stage — For reaches without levees, it is the stage

typically associated with the start of significant damage for
the without-project conditions. In FDA, the criterion for
calculating the stage is specified under from the Evaluation
of Plans by Analysis Year dialog box (see Chapter 13,
Section 13.2, pages 13-3 thru 13-5). To ensure consistency
with various damage reaches, the stage is determined as the
stage associated with the percent of residual damage of a
specific exceedance probability event. By default, the
criterion is set to 5% of the total damage for the 1% event.
For levees or floodwalls without geotechnical failure, the top
of the project (levee) is the target stage. For levees with
geotechnical failure, there is no single value for the target
stage and project performance is computed based on the joint
probability of annual exceedance and probability of
geotechnical failure.
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Target Stage Annual Exceedance Probability - The median
and expected annual exceedance probabilities associated with
the target stage. The median value is computed from your
input functions. It uses either 1) the discharge-probability and
stage-discharge functions, or 2) the stage-probability
function. The expected value is computed from the results of
the Monte Carlo simulation.

Long-Term Risk - The probability of the target stage being
exceeded in a 10-, 30-, and 50- year period.

Conditional Non-Exceedance Probability by Events - The
chance of containing the specific .10, .04, .02, .01, .004, and
.002 exceedance probability event within the target stage,
should that event occur.

15.2.1 Target Stages by Damage Reach
To view the Target Stages by Damage Reach report:

1. From the Project Performance dialog box (see Figure 15.8, page
15-8), click Target Stages by Damage Reach.

2. The Report Information box on the Project Performance dialog
box (see Figure 15.8, page 15-8) becomes active. The Target
Stages by Damage Reach report is viewed by plan; therefore, you
need to select the appropriate plan from the Plan Name list in the
Report Information box.

3. Click Display Report, the Project Performance Target Stages by
Damage Reaches for the Plan report will open (Figure 15.9).

M=

File  Help

Bear Creek - Plan Formulation Praject Performance:
Taiget Stages by ['amage Reaches
for the Plan 1 [Detention + Channel mp. ] Plan
[Stages in ft.]
Flan was calculated with Uncertainty
Without Project Base Year Performance Target Criteria:
Event Exceedance Probablility = 0.01
Residual Damage = 5.00 %
Target Stages for ;I
Specified Analysis 'Years
Base Most Likely
Stream Stream Damage Feach - Vear Fubure Year
Mame Drescription Marne Damage Rieach Description 2009 2030
S Fork Bear South Fork Bear Creek. SF-8 EASHFORD MAMOR LN TO BARDSTOWM RD SM. 3.09.98 470.78 47078
SF-3 BARDSTOWN RD TO DOWHNING WY SM. 9.96-10.363 475.44 475.44

Kl :IJ

L Computations have not been completed.

+ - Something has changed and computations need to be redone

Figure 15.9 Project Performance Target Stages by Damage Reaches
Report
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A sting of asterisks (*****) indicates that the computations for a
plan have not been completed. A plus-sign (+) indicates that
something has changed in the data set for that particular plan and
the computation needs to be redone.

To print the report, on the File menu, click Print, the Print dialog
box will open (see Figure 15.3, page 15-3). Be sure the appropriate
printer has been selected, and click OK. The Print dialog box will
close and the report will print.

On the File menu, click Close, the Project Performance Target
Stages by Damage Reaches for the Plan report will close (see
Figure 15.9, page 15-19) and you will return to the Project
Performance dialog box (see Figure 15.8, page 15-8).

15.2.2 Damage Reach

To view the Damage Reach report:

1.

2.

From the Project Performance dialog box (see Figure 15.8, page
15-8), click Damage Reach.

The Report Information box on the Project Performance dialog
box (see Figure 15.8, page 15-8) becomes active. The Damage
Reach report is viewed by plan and analysis year. Therefore, you
need to select the appropriate plan from the Plan Name list, and
you need to select the appropriate analysis year from the Analysis
Year list in the Report Information box.

Click Display Report, the Project Performance by Damage
Reaches for the Plan report will open (Figure 15.10).

(=]

Wilhou! Fropct Bave Ve Perlumence [ agst Cibena
Evert Exceedance Probabllity = 001
Fesxdud Damage =200 %

Long Tesm Condiicnal Hon £ sonedarce:
Paohabilty Risk fynaus) Probahiily by Events

Tauget
- P Shage Mndan | E 10 30 Sl 10
a Sudh Forh e ek, SFE BPSHFUAD MANDE  A7078 00231 | 00278 020 008 | 07998 09970 UBAN  U4918 U030 00043 G000

P9 DANDSTOWNADT 47544 06060 06190 00999 10000 10000 00000 00000 Q0000 | 00000  0.0000  0.0000

=== Compurations have not been Completed.
+ - 5 d 1edone.

Figure 15.10 Project Performance by Damage Reaches Report

A sting of asterisks (*****) indicates that the computations for a
plan have not been completed. A plus-sign (+) indicates that
something has changed in the data set for that particular plan and
the computation needs to be redone.
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To print the report, on the File menu, click Print, the Print dialog
box will open (see Figure 15.3, page 15-3). Be sure the appropriate
printer has been selected, and click OK. The Print dialog box will
close and the report will print.

On the File menu, click Close, the Project Performance by
Damage Reaches for the Plan report will close (see Figure 15.10,
page 15-10) and you will return to the Project Performance dialog
box (see Figure 15.8, page 15-8).

15.2.3 Plan & Damage Reach

To view the Plan and Damage Reach report:

1.

2.

From the Project Performance dialog box (see Figure 15.8, page
15-8), click Plan + Damage Reach.

The Report Information box on the Project Performance dialog
box (see Figure 15.8, page 15-8) becomes active. The Damage
Reach report is viewed by analysis year; therefore, you need to
select the appropriate analysis year from the Analysis Year list in
the Report Information box.

Click Display Report, the Project Performance by Plans and
Damage Reaches by Analysis Year report will open (Figure
15.11).

=1olx|

File Help

Bear Creek - Plan Foimulation Project Performance
by Plans and Damage Rieaches by Analysis Year 2009
(Stages in ft]

Without Project Base Year Perfommance Target Citeria
Ev abliity = 0.01

Target Stage =|
nnual E xoeedance Long Tem Condiional Mon Exceedance
Probability Risk [pears] Probabiliy by Events
Damage Damage
Plan Stream FReach FReach Target
Mame Name Mame Description Stage Median | Expected 10 30 50 2%
Without 5 Fork Bear | SF-8 BASHFORD MANDR LN TD B, 470.78 01504 01522 0B0EZ 09329 08397 00378 00006 00000 00000 00000 0.0000
SFa BARDSTOWN RD TODOWNI  475.44 09312 0903 1.0000 10000 1.0000 00000 00000 00000 0.0000 0.0000 0.0000
Plan 1 S Fork Bear  SF-8 EASHFORD MANOR LN TO B, 47078 0.0231 00278 02457 05708 07559 09970 08205 04318 0.0305 00043 0.0001
SFa BARDSTOWN RD TODOWNI  475.44 0E0E8 06190 09983 10000 1.0000 00000 00000 00000 0.0000 0.0000 0.0000
Planz & FarkBear SFG BASHFORD MANOR LN T, 470.78 01504 01522 06062 09923 09997 00378 00006 00000 D.0000 0.0000 0.0000
SF-9 EARDSTOWN RD TO DOWNI 48000 L 0.0600 00530 04199 08048 09343 05319 02197 01042 00150 00026 0.0002
Plan? S ForkBear SF8 BASHFORD MANOR LN TOE,  470.78 00231 00278 02457 05708 07558 09970 08205 04318 00305 00043 0.0001
SF-9 EARDSTOWN RD TO DOWNI 48000 L 00137 00143 01337 03632 05286 09399 09863 07423 03072 01273 0.0M68
K| LIJ

- Computations have not been completed.
+ - Something has changed and computations need to be redone.

Figure 15.11 Project Performance by Plans and Damage Reaches Report

A sting of asterisks (*****) indicates that the computations for a
plan have not been completed. A plus-sign (+) indicates that
something has changed in the data set for that particular plan and
the computation needs to be redone.

To print the report, on the File menu, click Print, the Print dialog
box will open (see Figure 15.3, page 15-3). Be sure the appropriate
printer has been selected, and click OK. The Print dialog box will
close and the report will print.
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6. On the File menu, click Close, the Project Performance by Plans
and Damage Reaches by Analysis Year report will close (see
Figure 15.11, page 15-11) and you will return to the Project
Performance dialog box (see Figure 15.8, page 15-8).

Additional Reports not Available from HEC-FDA

When you evaluate plans by analysis years or view evaluation results,
FDA writes output to several files which are accessed from outside of
FDA. The warning message file Fda_WarningMsg.out is accessed from
the FDA and is described in Chapter 14 (Section 14.1.3, page 14-5).
Other files are accessed outside of FDA and include a trace file
(Fda_EadTrace.out) which is described in Chapter 16 (Section 16.2.2,
page 16-5), an input and output HEC-DSS (Hydrologic Engineering
Center Data Storage System) file (Fda_EadSimResults.dss, which is not
available in Version 1.2.4), and an output report file (Fda_Results.txt).

15.3.1 Reports Written to a ASCII Tab Delimited File

When you display reports from FDA, not only does FDA display the
reports, but FDA also writes the report to a text file - FdaResults.txt, in
ASCII tab delimited format. This enables you to edit the file from another
software program for formatting and inclusion in reports. For example,
Figure 15.12 displays an example of the FdaResults.txt file for the report
Expected Annual Damage by Plans and Damage Categories.

B3 Microsoft Excel - Fda_Results. txt
(] File Edit Wiew Insert Format Tools Dsta  indow Help  Adobe POF Type a guestion for help = o @ X
PN E RO AV E % B S8 R - liE =
} S snaglt |2 | window - H
sl
Al - &
AiBIC\DIEIFIGIHIIJ\KIT
1
| 2 |Results text file opened in Study
| 3 |File: Fda_Results.txt opened on WWed Feb 21 11:03:21 2007
4 (CADocurments and Settings\gqOhecprb\My Documents\hectdalwersion_T.4%estdata\BearCreek\Fda_Results.txt)
5
| 6 |Report Expected Annual Damage by Plans and Categories.
| 7| Study: Bear Creek - Plan Formulation
| B |Year 2009
| 9 [Monetary L§1,000
| 10 [Plan Plan Desc APT AUTO comm  |PUB RES Total
| 11 | +Without Wyithout pr 679.95 1317 11545 0.13 69.04  8596.29
| 12| Plan 1 Detention - 416.74 21.29 39.81 0.05 58.81 536.69
| 13| Plan2  Floodwall ¢ 44833 15195 32875 0.49 9146 102095
| 14 |Plan3  Detention, 95.32 2375 90.96 0.1 2327 233.4
v

W 4 ¢ W Fda_Results / |« »
Ready MM

Figure 15.12 FdaResults.txt File

All FDA output reports are written to this file except for the general
information reports. If the file exists when a study is opened, the file will
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be deleted and a new file created. FDA will then append each report to
this file until the study is closed. If you want to save the reports that were
written to this file, you need to rename or copy the file before re-opening
the study.

15.3.2 Input and Output Functions Written to an HEC-DSS
File (not available in Version 1.2.4)

When you evaluate plans by analysis years (compute expected annual
damage), FDA writes several types of data to a HEC-DSS data file. The
data written include user input functions such as a graphical probability
function as well as output such as the relative frequency of expected
annual damage.

HEC-DSS is a database system designed to efficiently store and retrieve
scientific data that is typically sequential. Such data types include, but are
not limited to, time series data, curve data, spatial-oriented gridded data,
textual data, and others. The system was designed to make it easy for
users and application programs to retrieve and store data. To view the
data written by FDA in tabular and graphical format, you can use the HEC
Data Storage System Visual Utility Engine (HEC-DSSVue) which is
available from HEC’s website.

For FDA, the HEC-DSS file contains records which contain a function
with one or more curves. The record of data is accessed by selecting a
pathname that uniquely defines the record. The pathname contains six
pathname parts each separated by a slash. T he six pathname parts are
labeled as parts A through F. For the purposes of FDA, the following
table (Table 15.1) describes the conventions used:

Table 15.1
HEC-FDA DSS Record Pathname Parts

t Description
Stream name (e.g. S FORK BEAR)
Damage reach name (e.g. SF-8)
Function parameters (e.g. FLOW-ELEV, PROB-ELEV)
Function parameter qualifiers (e.g. INPUT)
Analysis year (e.g. 2009)
Plan name (e.g. PLAN 1)

Mmoo w> e

The following example pathname references a stage-aggregated damage
function for apartments in reach SF-8 for Plan 1:

/S FORK BEAR/SF-8/ELEVATION-DAMAGE/ INPUT (APT)/2009/PLAN 1/
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By HEC-DSS convention, functions such as a graphical discharge-
probability curve are stored using the paired data convention consisting of
x and y coordinates that define a curve. For plotting purposes, the two
parameters in pathname Part C (if recognized as one of the standard
parameters) are used to label the axes. Otherwise, the parameter units are
used as a label. The following table describes the data that FDA stores in

the HEC-DSS data file.

Table 15.2

HEC-FDA Data Stored in an HEC-DSS File

Part C Part D
AEP-PROB_EXCEED

AEP-RELATIVE_FREQ

BLANK-EAD BY CATEGORY

EAD-PROB_EXCEED

EAD-RELATIVE_FREQ

ELEVATION-DAMAGE INPUT (category)
FLOW-ELEV INPUT
PROB-DAMAGE INPUT_EADOLD
PROB-ELEV INPUT_EADOLD
PROB-FLOW INPUT_EADOLD
PROB-FLOW INPUT_GRAPHICAL
PROB-LOG FLOW INPUT_EADOLD
PROB-LOG FLOW INPUT_GRAPHICAL

PROB-STAGE_EVENT_DIST

Description
The probability that a given expected annual
exceedance probability is exceeded. The
expected annual exceedance is on the X axis
and the probability of exceedance is on the Y
axis.
The relative probability of annual exceedance
probability. The annual exceedance is on the
X axis and the relative probability is on the Y
axis.
Expected annual damage by damage
category. (“BLANK?” is a place holder since
this is not true paired data).
The probability that a given expected annual
damage (EAD) is exceeded. The EAD is on
the X axis and the probability of exceedance
is on the Y axis.
The relative probability of EAD. The EAD is
on the X axis and the relative probability is
on the Y axis.
Stage-Aggregated damage for a given
damage category as computed by the stage-
damage calculations or entered by the user.
The stage-discharge rating curve entered by
the user.
The probability-total damage derived from
the input probability, rating, and stage-
damage functions. This contains additional
coordinates for computational purposes.
The probability-stage curve derived either
from the input discharge-probability and
stage-discharge or the input stage-probability
curves. This contains additional coordinates
for computational purposes.
The probability-discharge curve derived from
the input probability-discharge curve (either
graphical or Log Pearson Type IIl). For the
graphical curve, this contains additional
coordinates for computational purposes.
The user input graphical discharge-
probability function. Flow is in CFS.
The probability-log discharge curve derived
from the input probability-discharge curve
(either graphical or Log Pearson Type IlI).
This contains additional coordinates for
computational purposes. Flow is in logarithm
base 10.
The user input graphical probability-log
discharge function. Flow is in logarithm base
10.
The computed probability of exceeding a
target stage for the six events (10%, 4%, 2%,
1%, .4%, and .2%).
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Figure 5.13 provides an example of graphically displaying FDA results
written to an HEC-DSS file through HEC-DSSVue. Figure 5.13 displays
the probability of exceeding a given expected annual damage for the
without condition plus three plans for reach SF-9 and year 2009. Since

1.0

naq i\

0.8

=
B
1

=
m
I

=

.
1

-

=

w
1

-

Frobahility Value of EAD is Exceeded
o
o

=
(8]
I
-
-

o
e
[~
't
4

0o

T T 5 * T
0 500 1000 1500 2000 2500 3000

Expected Annual Damage §1,000

— & — $F-9 WITHOUT 2009 0 ——— 5F-9 PLAN 12009 0 —=— SF-9 PLANZ 2009 0
SF-0 PLAM 22000 0

Figure 15.13 Example Probability of Exceeding a Given EAD

DSSVUE does not recognize the parameters "EAD" and
"PROB_EXCEED" in Part C of the pathname, it labels the axes with the
units "$1,000" and "PROB". You can change the labels to those shown by
editing the plot properties or applying a template.

Figure 15.14 (page 15-16) provides another example of graphically
display FDA results from an HEC-DSS file. Figure 5.14 (page 15-16)
displays derived input probability-stage curves for the without condition
and Plan 1. They were derived from the input discharge-probability and
stage-discharge functions.

Figure 15.15 (page 15-16) displays derived input probability-damage
curves for the without condition and Plan 1. They were derived from the
input discharge-probability, stage-discharge, and stage-damage functions.
They represent total damage from all damage categories. As was done for
Figure 15.13, you will have to change the default axis labels by editing the
plot properties or applying a template.
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CHAPTER 16

Troubleshooting

16.1

You may encounter errors when entering data or doing calculations. In
HEC-FDA, there are two major calculations, stage-aggregated damage,
and expected annual damage (EAD). Both utilize Monte Carlo simulation
to compute mean values. This chapter describes error messages and
recommends ways to diagnose problems when entering data in FDA, or
calculating expected annual damage and equivalent annual damage.
Appendix E recommends ways to diagnose problems in the stage-
aggregated damage calculations and in importing data. Warning and error
messages can be generated by the GUI, the FDA database code, the
Codebase database library, and the calculation software. The messages
may be displayed in a GUI dialog or they may be written to an output text
file.

Contents

e Error Messages
e Diagnosing Problems

Error Messages

FDA displays many of the warning and error messages to your screen in
an error dialog box. Other messages are written to text files including the
following files that are stored in the study directory:

Fda_WarningMsg.out and Fda_EadTrace.out. You can display the file
Fda_WarningMsg.out from FDA, see Chapter 14, Section 14.1.3 (page
14-5) for further details. To view the file Fda_EadTrace.out, you must do
so outside of FDA using WordPad or a similar program. This file contains
trace output in addition to any warning or error messages.

16.1.1 General Error Messages

When the program cannot complete a specific task, an error message will
typically be displayed in a message window. An example is specification
of a stage-discharge or stage-damage function where the stage, discharge,
and/or damage values are not monotonically increasing, FDA will display
Error 59. A list of error messages corresponding to error message are
listed in Table 16.1.
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Table 16.1
HEC-FDA Error Messages

Number Error Message
1 In searching a file, the program attempted to move to a nonexistent record.

An index value is bad. - SD code,

The base module cannot be changed or deleted.

The base plan cannot be changed or deleted.

W | W N

The last module assignment for a given plan and year cannot be deleted.

The FORTRAN calculation routines have detected an error. There are several sources of
information that more clearly explain the problem including: 1) an information dialog box
6 displayed from the GUI, 2) an error message written to the warning message log (file
Fda_WarningMsg.out in the study subdirectory), or 3) an error message in the EAD trace
output file (file Fda_EadTrace.out).

7 All damage functions used in a given calculation must have the same type.

8 A duplicate object name has been encountered.

9 An enumeration is out of range. - SD code,

10 While creating or opening a file, a field could not be mapped.

11 File locked.

12 A file could not be created.

13 File error.

14 Database integrity error - an object was referenced which does not exist.

15 A file could not be opened.

16 Filter violation. A file is positioned on a record which should be filtered out.

17 A frquency function was found which is not valid. Must be analytical or graphical,
stage/discharge or stage/frequency.

18 Global error is being set for a stage/discharge function which uses coordinate errors.

19 Coordinate errors are being set for a stage/discharge function which uses global errors.

20 A file index is being set to a value which is not valid for the file type.

21 Unless this is a very long term study, there is a bad value in the year list.

22 The studies cannot be merged. The configuration files are not compatible.

23 The calculation cannot be performed. One of the input functions is incomplete or invalid.

24 This ca!culation cannot be performed. The input function set is not complete or a function
is invalid.

25 A data record is not complete.

26 A code function has been called with an invalid argument.

27 Invalid probability distribution or distribution type,

8 WSP data must include the two-year, ten-year, and hundred-year values (.5, .1, and .01
exceedances).

29 A character string is too long for the field length.

30 Cannot get the record. File is empty or positioned after end of file.

31 Filter value does not exist (e.g. looking for reaches on a nonexistent stream).

32 A function was called for a data object for which it is not appropriate.

33 A reach index station was found which is not in the reach.

34 Invalid directory or pathname.

35 A file contains an invalid record.

36 Frequency function transform flow data is invalid.

37 An invalid water surface profile has been found.

38 Calcplations have been marked invalid due to more recent data entry. Recalculation is
required.

39 Not enough memory.

40 A calculation record is missing. Run the calculations again.

41 Cannot create analytical frequency function. There is no discharge data in the water surface

profile.
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Table 16.1 (continued)
HEC-FDA Error Messages

Number Error Message

42 Search failed. An object which is being searched for does not exist.

43 There is no study file open.

44 A damage category is being referenced which is not in the category list.

45 A damage function is being referenced which is not in the depth/damage function list.

46 A necessary file does not exist.

47 The function which is being assigned does not exist.

48 A structure inventory module is being referenced which is not in the module list.

49 A plan is being referenced which is not in the plan list.

50 A damage reach is being referenced which is not in the reach list.

51 A stream is being referenced which is not in the stream list.

52 There is no uncertainty specified for this function, so there are no error limit curves.

53 An object has not been initialized. - SD code,

54 The record is assigned to another plan/year/stream/etc. Use global replace, or change the
name.

55 The record cannot be deleted - it is referenced from another file.

56 The index stack has become unbalanced. Please notify HEC.

57 A stage/frequency function must be graphical.

58 Reference has been made to a structure error distribution which does not exist.

59 Invalid function. Values not monotonically increasing or decreasing.

60 There is an existing record. Call replace.

61 ngage reduged reports require that the without condition be defined. Run calculations for
without condition.

62 This version of the program does not recognize the database version named in the .sty file.

16.1.2 Codebase Error Messages

When running the program, if you encounter an error message titled
"CODEBASE ERROR", you should immediately close the study. This
indicates that there is a major problem with the database. For some
Codebase errors, the program will display a dialog indicating that the
program will stop. For other Codebase errors, the program will continue
as if nothing was wrong but it will no longer properly access the database
files and you must close the study. The primary sources of Codebase
errors are missing database files or corrupt files.

If a file is missing, the error message will display the name of the missing
file (there could also be additional files missing). First, verify that you are
opening the correct study file (file extension .sty) and that it is located in
the parent subdirectory of your FDA database. Next, check the
subdirectory containing the study database files and verify that all the files
are there. The easiest way to do this is to create a new study and compare
the filenames in the new study with those in your current study.

Typically, this problem occurs when you copy the study database files
from one subdirectory to another and don’t select all of the files or you
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16.2

inadvertently delete one or more files. If a file is missing, you will need to
copy it from its original location or restore the file from backup.

If a file is corrupt, you will have to restore a valid copy of the file by
restoring the study from a backup. If, for some reason, you do not have a
valid copy of the file, you can replace some files with a copy of the file
that has no data in it. This works well if the corrupt file contains
calculation results such as stage-aggregated damage or expected annual
damage. You will lose your previously calculated results, but you can
recalculate them and continue using your current study. It will not work if
the corrupt file contains your input data such as plans, years, discharge-
probability functions, etc. To replace the file using a copy that has no data
in it, open a new study and do not enter any data except the study name
and price index year. Exit the program and then copy the appropriate files
from this new study into your current study that has the corrupt file(s).
The following files contain results and can be replaced with a copy that
has no data. You must copy the entire group of files (e.g. all the files for
stage-aggregated damage results must be copied, not just one of the files).

e Stage-aggregated damage files: AGDFDATA.DBF,
AGDFDATA.DBT, AGDFDATA.MDX, AGDFLOOK.DBF,
AGDFLOOK.MDX

e Expected and equivalent annual damage and project performance
files: EADDATA.DBF, EADDATA.DBT, EADDATA.MDX,
EADLOOK.DBF, EADLOOK.MDX, EQUIV.DBF, EQUIV.DBT,
EQUIV.MDX, EQUIVCAT.DBF, EQUIVCAT.MDX,
EQUIVCLC.DBF, EQUIVCLC.DBT, EQUIVCLC.MDX

Diagnosing Problems

There are three basic methods of diagnosing problems. The following are
sources of information for determining problems:

e Missing or Out-of-date Computation Results
e Trace Output

16.2.1 Missing or Out-of-Date Computation Results

It is always important to check the Study Status Report (see Chapter 13,
Section 13.1, page 13-1); the report indicates whether the functions
required for the computation of expected annual damage are complete for
all reaches in each plan. As indicated in the legend, a single asterisk (*)
means that the specific function or functions are missing or incomplete for
one or more reaches.
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The function assignment reports (see Chapter 12, Section 12.8) should be
checked to see which reach has a missing or incomplete function and the
problem corrected. Five asterisks (*****) appearing in the function name
and description columns in the function assignment reports indicate that
the function is missing or incomplete for that reach.

When data has changed since the last time computations were made the
results of that computation become out-of-date. You can check for this
condition by checking the Data Management Summary reports for the
individual analyses (see Chapter 14, Section 14.1.1, page 14-2; and
Chapter 15, Section 15.1.1, page 15-2). The FDA program allows you to
view previous results that are out-of-date but marks the results
accordingly. Out-of-date results are indicated by a + in front of the reach,
plan, or function name and may appear in the function assignment report
or in any of the result reports.

16.2.2 Trace Output

A trace text file (Fda_EadTrace.out) is created whenever a study is
opened. If the file already exists, it is deleted and new file created. FDA
will then append trace information to this file until the study is closed.
You cannot view this file from FDA but you can view it from outside the
FDA program. For the most part, it contains trace information that is
useful only to program support people. Occasionally, it will contain an
error message that cannot be displayed in other places. Figure 16.1
display an example of the trace output file.

Open Trace file: D:\WpDoc\NexGen FDA\Documentation\UsersManual\Manual
2005\Data\Data 2005\Distrib Prev\Test Study\Fda_EadTrace.out
Date: 08SEPO5 10:22:58
————— DSS---ZOPEN: Existing File Opened, File: D:\WpDoc\NexGen
FDA\Documentation\UsersManual\Manual 2005\Data\Data 2005\Distrib Prev\Test
Study\Fda_EadSimResults.dss
Unit: 71; DSS Versions - Software: 6-MY, File: 6-MY

Compute EAD on 08SEPO5 14:08:58 for:

Plan Plan 1

Year 2009

Stream S Fork Bear

Reach SF-8
————— DSS---ZWRITE Unit 71; Vers. 2: /S FORK BEAR/SF-8/PROB-
FLOW/ INPUT_GRAPHICAL/2009/PLAN 1/
————— DSS---ZWRITE Unit 71; Vers. 2: /S FORK BEAR/SF-8/PROB-LOG

FLOW/ INPUT GRAPHICAL/2009/PLAN 1/
Figure 16.1 Trace Output File
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Appendix A

References

A.1  Required Publications

These documents define policy and basic methods directly related to
hydrologic engineering for flood-damage reduction planning by the Corps
of Engineers. They are cited in the text and in this list by number only.
All are promulgated by the Headquarters, U.S. Army Corps of Engineers
(HQUSACE), Washington, DC.

EM 1110 2 1415
Engineering and Design: Hydrologic Frequency Analysis

EM 11102 1416
Engineering and Design: River Hydraulics

EM 1110 2 1417
Engineering and Design: Flood-runoff Analysis

EM 11102 1419
Hydrologic Engineering Requirements for Flood Damage Reduction
Studies

EM 1110-2-1619
Engineering and Design: Risk-based Analysis for Flood Damage
Reduction Studies

EM 1110 2 9039
Engineering and Design: Hydrologic Engineering Requirements for
Flood-damage Reduction Studies

ER 1105-2-100
Guidance for Conducting Civil Works Planning Studies

ER 1105-2-101
Risk-based Analysis for Evaluation of Hydrology/Hydraulics and
Economics in Flood Damage Reduction Studies
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A.2

ER 1110-2-1450
Hydrologic Frequency Estimates
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Appendix B

Glossary

Aggregated Stage-Damage Function with Uncertainty: A composite
median stage-damage function for a damage reach. The function is
developed by damage categories at the damage reach index location. The
stage-damage functions of individual structures are aggregated using a
series of water surface profiles to account for the slope in the profiles
throughout the reach. Uncertainty, the errors in the damage estimates,
may also be computed.

Analysis Years: Analysis years are for determining damage and project
performance information for specific time periods, such as the base year or
most likely future year. The analysis years results for a plan are also used
to perform equivalent annual damage computations. The same analysis
years are used for all study evaluations. An analysis year represents a
static time period or year that the HydEng and Economic analysis data
represent. Base year is the first year of the plan operation. The “Most
Likely Future” condition is a development projection for a specific future
year, say twenty years out from the base year. It usually is based on the
projections of local future development plans.

Analytical Discharge-Probability Function: A discharge-probability
function that is fit with an analytical (statistical) distribution. The
distribution is defined by statistics which are the mean, standard deviation,
and skew for the Log Pearson Type 111 distribution. The function is
developed by site specific, hydrologic engineering analysis procedures. A
"synthetic" approach defined by discharges associated with the .50, .10,
and .01 probability events yields Log Pearson Type Il1 distribution
statistics and frequency function that fit the 3 points specified.

Annual Exceedance Probability (AEP): The probability that flooding
will occur in any given year considering the full range of possible annual
floods.

Bank: Stream bank (looking downstream) where the damage reach or
structure is located. The delineation of the bank should consider potential
local protection flood damage reduction measures and jurisdictional
boundaries. Some measures are typically implemented on only one bank,
which include levees and walls, and various nonstructural actions.
Channels and upstream storage projects reduce flooding for both banks.
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There are three hardwired choices (Left, Right, Both), with Both being the
default.

Base Year: First year the plan is implemented and operational.

Beginning Damage Depth: Optional depth in feet (meters) where
damage begins. Normally used in analysis of structures with basements
where flood waters enter above basement floor. Truncates damage
function at below specified depth (stage).

Beginning Station: Beginning station number for downstream end of
damage reach. The range of allowable values is from 0.00 to 999,999.99.
Value must be less than the Ending Station.

Both Banks: Indicator that the damage reach is delineated spatially over
both banks of the stream. The stream cuts through the damage reach.
Normally used for ponding or storage area reaches.

Bulletin 17B: A U. S. Geological Survey publication entitled,
“Guidelines for Determining Flood Flow Frequency,” by the Hydrology
Subcommittee, Interagency Advisory Committee on Water Data, revised
September 1981. The publication describes procedures for developing
discharge-frequency functions using stream flow records. These
procedures are recommended for all Federal agencies applications.

Compute Synthetic Statistics: The Log Pearson Type Il statistics are
computed based on the discharges associated with the .50, .10, and .01
probabilities of an adopted probability function. The synthetic statistics
are based on equations given in Guidelines for Determining Flood Flow
Frequency, Bulletin 17B, USGS, September 1981.

Confidence Limit Curves: Error limit curves about a Log Pearson Type
111 discharge-probability function developed using the non-central t
distribution. Confidence limit curves are used to define the discharge-
exceedance probability function's uncertainty.

Content/Structure Value Ratio Survey Error: The standard deviation
as a percent associated with the uncertainty in estimating the content to
structure value ratio. For example, for a content to structure value ratio of
fifty percent, an entered standard deviation of ten (10) percent would mean
that the +1 standard deviation range is 45 to 55 percent.

Content to Structure Value Ratio: The numeric value in percent that
represents the maximum content value divided by the maximum structure
value for a particular structure occupancy type. Used to proportion the
contents depth-percent damage function from the structure function.
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Content Value: The value of the contents associated with the structure.
Does not include the structure (building) value. Numeric value ranging
from 0 to 999,999,999.

Damage: Economic loss associated with specific flood events. Value
may be at a structure, damage reach, or entire study area.

Damage Category: Used to consolidate large number of structures into
specific groups of similar characteristics for analysis and reporting
purposes. Damage categories are defined for the study.

Damage Reaches: Damage reaches are spatial floodplain areas. You use
damage reaches to define consistent data for plan evaluations and to
aggregate structure and other potential inundation damage information by
stage of flooding. You define a damage reach by the beginning and
ending stations (river mile, kilometer, etc.) along the stream and extend it
in the floodplain to include the largest flood deemed possible. Damage
reaches are unique to a stream for the entire study. They are integral to
both the hydrology and economic analyses. You may specify a damage
reach for the right or left bank (as looking downstream) or both. You
must delineate the damage reach consistent with flood damage reduction
measures, i.e., a channel may be analyzed with a damage reach covering
both banks, but a levee only one.

Depth: Distance of the water surface straight down to the point of
interest. Normally, refers to a value associated with corresponding
damage from the depth of water.

Depth-Damage Functions: Relationship of depth of water to damage at a
structure. Damage is normally as a percent of the structure or content
value. The functions are generic for similar structures and are not tied to
the structure location.

Depth-Direct Dollar Content Damage: Relationship of depth and direct
(actual) content dollar damage values at the structure location.

Depth-Direct Dollar Structure Damage: Relationship of depth and
direct (actual) structure dollar damage values at the structure location.

Depth-Percent Damage: Defines the percent of the maximum structure
damage for a range of flood stages at a structure. The percent-damage is
multiplied by the structure value to get a unique depth-damage function at
the structure.

Discharge: The volume of water passing a specific point for a given time
interval. For example, 2,000 cubic feet per second or 1,000 cubic meters
per second.
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Discharge-Exceedance Probability: The relationship of peak discharge
to the probability of that discharge being exceeded in any given year.

Economic Analysis: The flood damage computational part of a study
involving specification of damage categories depth-damage functions,
structure inventory, development of aggregated stage-damage-uncertainty
functions and analysis of expected and equivalent annual damage.

Effective Wave Height: The vertical distance between the crest of a
wave and the preceding wave trough.

Ending Station: Ending station number for upstream end of damage
reach. The range of allowable values is from 0.00 to 999,999.99. Value
must be greater than the Beginning Station.

English Units: Data entry and output reports are English Units and not Sl
Units. Indicator is for labeling purposes only. No conversions are
performed in this program version.

Equivalent Annual Damage: The damage value associated with the
without-or-with project condition over the analysis period (project life)
considering changes in hydrology, hydraulics, and flood damage
conditions over the life. Expected annual damage is computed for each
analysis year and discounted to present worth which is then annualized to
obtain the equivalent annual damage value. Rather than compute the
expected annual damage for each year, it is computed for the base year
and most likely future years and interpolated for subsequent years. The
expected annual damage for years beyond the most likely future
conditions year is assumed equal to that year.

Equivalent Record Length: Number of years of a systematic record of
recorded peak discharges at a stream gage. For probability functions
derived at ungaged locations using model or other data, the equivalent
record length is estimated based on the overall “worth” or “quality” of the
frequency function expressed as the number of years-of-record. This
parameter is important in risk-based analysis because it relates directly to
the uncertainty of the probability function.

Error Distribution: A statistical relationship of possible outcomes that
defines the dispersion or variation of errors about the median or "best
estimate™ of values along a function. Error or uncertainty distributions are
used to quantify errors probabilistically when using risk-based analysis.
The magnitude and range of the distribution can be defined using error
limit or confidence limit curves above and below the median curve.

Error Distribution Parameters: Statistics or other values that define
error probability or uncertainty distributions about stage-discharge or other
functions. The parameters are dependent on the type of distribution. The
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magnitude and range of the distribution can be defined using error limit or
confidence limit curves above and below the median curve.

Error Limit Curves: Curves above and below the median or "best
estimate™ curve that define the distribution of errors about the best
estimate values. Error limit curves define the uncertainty of functions and
are developed by fitting a statistical distribution to known data or the
results of model sensitivity analyses.

Exceedance Probability Event: The probability that a specific event will
occur in any given year. For example, the .01 exceedance probability
event has one chance in a hundred or a one percent chance of occurring in
any given year.

Expected Annual Damage: The integral of the damage-probability
function. In risk-based analysis it is equal to the average or mean of all
possible values of damage determined by exhaustive Monte Carlo
sampling of discharge-exceedance probability, stage-discharge, and stage-
damage relationships and their associated uncertainties.

Expected Value: The mean or average value. For normal probability
density functions the expected, median, and mode are the same.

Exterior: The "exterior" side of the levee or flood wall is the river side
where the stage-discharge function applies.

First Floor: The normal entry floor of a building.

First Floor Stage: The stage or elevation of the first floor of the
structure. Numeric value ranging from -300 to 30,000.

First Floor Stage Uncertainty: The error of uncertainty in the first floor
stage estimate of a particular structure occupancy type. Based on the
procedures/type of surveys used to estimate the first floor stage. A
normal, triangular, or log normal error distribution may be used.

Flood Damage Reduction: Measures and actions taken to reduce flood
damage. These may include implementation of reservoirs, detention
storage, channel, diversions, levees and floodwalls, interior systems, flood
proofing, raising, relocation, and flood warning-preparedness actions.

Flood Inundation Damage: The damage that results to structures,
contents, automobiles, traffic, infrastructure, etc. when flood waters covers
or inundates them.

Flood Risk: The risk associated with being flooded. Risk performance
indicators used in the analysis are 1) the expected annual stage exceedance
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probability; 2) long-term risk (a .26 probability of the .01 exceedance
probability event occurring over a thirty year period); and 3) conditional
probability of non-exceedance (the project has a .95 probability of
containing the .01 exceedance probability event should it occur).

Flow Transform Relationship: A relationship that defines the outflow at
a specific point on a stream or river based on the inflow at that point.
These functions are used to modify the discharge during at a specific step
in the risk-based analysis. An example would be a regulated versus
unregulated function for a reservoir that could be used instead of a
regulated discharge-probability function to represent the effect of a
reservoir.

Foundation Height: The vertical distance between the ground stage and
first floor stage at the structure.

Geotechnical Failure Analysis: Analysis of a non-standard levee that
has the potential to fail geo-technically before overtopping. Geotechnical
failure causes include seepage, piping, and stuffing. A single relationship
of exterior levee stage versus probability of geotechnical failure (all
combinations) are developed external to the program and entered for
analysis.

Graphical Discharge (or Stage) Probability Function: A graphical or
non-analytical discharge- or stage-probability function is one drawn
graphically by an eye-fit curve. The function is assumed not fitted by an
analytical distribution. For HEC-FDA, graphical functions should use
Wiebull's plotting positions (not median) since the normal distribution is
used to represent expected values in the order statistics approach to define
the error bands.

Ground Stage: The stage or elevation of the ground at the structure.
Numeric value ranging from -300 to 30,000.

HEC-2: The Hydrologic Engineering Center's Water Surface Profile
Computations computer program. The program output may be designed
to enable ready import of water surface profiles data sets into the HEC-
FDA program.

HEC-RAS: The Hydrologic Engineering Center’s River Analysis System
computer program for computing water surface profiles for a series of
flood events. The program output may be designed to enable ready import
of water surface profile data sets into the HEC-FDA program.

HEC-SID: The Hydrologic Engineering Center's Structure Inventory for
Damage computer program. The structure inventory and depth-percent
damage functions may be imported into the HEC-FDA program.

B-6



HEC-FDA User's Manual Appendix B - Glossary

Historic Events: Observed and sometimes recorded flood events such as
the 1973 Flood or 1993 Flood.

Hydrologic Engineering: Hydrology and hydraulic technical studies
necessary for performing flood damage reduction studies.

Hydrology & Hydraulics: Hydrology involves the estimation of the
amount and shape of the runoff response throughout the study area. It also
includes the frequency of the events. Hydraulics involves analysis of
stream water surface profiles, flood inundation boundaries, and other
technical studies of stream flow characteristics.

Hypothetical Probability Events: A series of hydrographs derived from
rainfall-runoff analysis using hypothetical frequency based rainfall
patterns. Rainfall values are normally derived from National Weather
Service Publications e.g., Technical Papers TP 40 and TP 49.

Image: Picture stored in digital format for display. Normally used for
important structures.

Index Location Station: A stream station location within a damage reach
used to specify discharge-probability, stage-discharge, and stage-damage
functions with uncertainty data for plan evaluations for that damage reach.
Also, the index location station (corresponding stream station) is used for
aggregation of stage-damage functions with uncertainty by damage
category under economic analysis. The index location station is defined
between the beginning and ending station values and normally where data
is deemed most reliable, such as a streamgage location. The range of
allowable values is from 0.00 to 999,999.99. Value must be greater than
the Beginning Station and less than or equal to the Ending Station.

Interior: The “interior” side of the levee or flood wall is the floodplain or
protected side where the stage-damage function applies.

Invert: Stage associated with zero discharge or bottom of channel. The
range of allowable values is from -300.00 to 30,000.00.

Left Bank: Indicates that the damage reach is only along the left bank of
the stream. The left bank is defined looking downstream or with the
current of the stream.

Levee Overtopping: Analysis of levee overtopping.

Log Normal Distribution: A two-parameter probability distribution
defined by the mean and standard deviation. A non-symmetrical
distribution applicable to many kinds of data sets where the majority
(more than half) of values are less than the mean but values greater than
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the mean can be extreme, such as with stream flow data. The distribution
is truncated at three standard deviations.

Log Pearson Type I11 Distribution: Analytical discharge-probability
functions can be defined (fit) with a statistical distribution such as Log
Pearson Type I1l. The distribution has statistical parameters that define
the moments of the data about the analytical curve. For a Log Pearson
Type Il distribution, these statistical parameters are mean (first moment),
standard deviation (second moment), and weighted skew (third moment).
Also, an there is an additional parameter, equivalent record length.

Mean: The average value of a set of numbers, such as the annual peak
discharges that have occurred over a period of time. The first moment
statistic of a Log Pearson Type Il analytical discharge-probability
function, representing the average of the logarithms of peak discharge
values.

Median: Value where there is a .5 probability that the actual value is less
than that value. The middle value of an ordered list.

Mode: The most frequently occurring value in a data set.

Monetary Units: Monetary units used for all study data and output
reports. There are three hardwired choices ($'s, $1,000's, and
$1,000,000's), with $1,000's being the default. Monetary units are used
only as labels.

Most Likely Future: The most likely future condition development
projection for a specific future year. Used in equivalent analysis of project
over it's life. Normally 25-30 years out from Base Year. Must be greater
than Base Year.

Nonstructural: Nonstructural measures include raising, relocating, flood
proofing, and regulatory and emergency actions associated with structures
and damageable property that modify the existing and/or future damage
susceptibility.

Normal Distribution: A two-parameter probability distribution defined
by the mean and standard deviation. A symmetrical “bell shaped” curve
applicable to many kinds of data sets where values are equally likely to be
greater than or less than the mean. Also called a Gaussian distribution.
The distribution is truncated at three standard deviations.

Ordered Events: Ranked events or plotting positions that define a
graphical discharge- or stage-probability function. Ordered events are
used to determine the uncertainty about the discharge- or stage-probability
function using order statistics. The Wiebull's plotting positions, which
represent expected values, should be used.
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Order Statistics: Statistical procedure for defining the sample errors of
events that define a graphical frequency function. Order statistics are used
to define the uncertainty (error limit curves) about a graphical frequency
function defined by Weibull plotting positions (ordered events) for a
specified equivalent record length. A normal distribution is used to define
the errors.

Plan Evaluation: The assessment of economic and plan performance to
determine the impact of one or more plans versus the without-project
condition. Results may be viewed by specific analysis years or as
equivalent annual values for the project life.

Plan Formulation: The development and evaluation of one or more
measures and actions into a plan designed to reduce flood damage for one
or more damage reaches.

Plan Performance: A measure of the hydrologic and/or economic
efficiency of a flood damage reduction plan. Performance is measured in
terms of risk of flooding in a year and over a specified number of years
and an expected annual flood damage. Risk-based analysis is used to
determine plan performance.

Plans: A set of one or more flood damage reduction measures or actions
designed to operate over a period of time (project life). The plan is
inclusive of the entire study area although it may have a flood damage
reduction measure for a single damage reach.

Ponding Area: Storage area usually a lake or pond normally requiring
stage-frequency functions instead of discharge-frequency functions for
analyses.

Price Index: The economic index value associated with the present value.
Used to globally update the economic (flood damage) values over the base
price index value. Numeric, up to 10 digit fixed point value. If blank, the
base price index is used and no adjustments are made to the economic
data.

Price Year: The price year associated with present updated economic
(flood damage) values over the base price index. Numeric four digit
value. If blank, the base price year is used. Global price indices may be
overwritten for specific damage categories on the Economics/Damage
Categories data entry screen.

Probability: The values ranging from zero to one of the number of
outcomes in an exhaustive set of equally likely outcomes that produce the
event divided by the total number of outcomes (Frequency divided by
100).
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Probability Function: A discharge- or stage-exceedance probability
relationship for a reach developed by traditional, site specific, hydrologic
engineering analysis procedures.

Probability Function Statistics: Reports the statistics entered or
computed for an exceedance probability function. For the Log Person
Type Il distribution, the statistical parameters are mean log (first
moment), standard deviation (second moment), skew (third moment), and
equivalent record length. For synthetic or parameter fitting (Compute
Synthetic Statistics), the computed statistical parameters are mean,
standard deviation, skew, and equivalent record length. Also, the mean
discharge is computed and is equal to the anti-log of the mean log. The
statistics reported for a non-analytical probability function is the
equivalent record length.

Probability Function Type: Probability function type is either graphical
(discharge- or stage-probability). An analytical discharge-exceedance
probability function is one that can be fit with an analytical (statistical)
distribution such as Log Person Type Ill. A graphical discharge- or stage-
exceedance probability function is one that is best fit by a graphical, eye-
fit curve.

Probability Ordinates: The discharge or stage values corresponding to
specific probabilities from a discharge- or stage-exceedance probability
function.

Project Life: The period of time the plan is assumed in place and
operational. Normally fifty years. The base year is the first year of the
plan being operational.

Residual Risk: Flood risk that remains if a proposed flood damage
reduction project is implemented. Includes the consequence of capacity
exceedance.

Right Bank: Indicator that a damage reach is only along the right bank of
the stream. The right bank is defined looking downstream or with the
current of the stream.

Risk: The probability that an area will be flooded resulting in undesirable
consequences.

Risk Analysis: Approach to evaluation and decision making that
explicitly, and to the extent practical, analytically, incorporates
consideration of risk and uncertainty.

SI Units: Metric units such as meters (stage, heights, etc.) and kilometers
(distances).
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Skew: A statistic used as a measure of the dispersion of the data about the
mean equal to the number of values times the sum of the cubes of the
deviations from the mean divided by the number of values minus one,
times the number of values times two, times the standard deviation cubed.
The third moment statistic of a Log Person Type 11 distribution,
calculated using the mean logarithm, the standard deviation of the logs,
and the logarithms or peak discharge values.

Stage: The vertical distance in feet (meters) above or below a local or
national datum (N.G.V.D. for elevations).

Stage Associated with the Median One-Percent Chance Flood
Discharge: The stage where the discharge, taken from the stage-
discharge curve, has a probability (percent chance occurrence), taken from
the discharge-probability curve, of one-percent.

Stage-Damage: The relationship of damage to a range of flood stages at a
structure or the aggregated values of the structure damage by damage
categories for a range of stages at the damage reach index location station.

Stage-Damage Functions with Uncertainty: Stage-damage functions
with uncertainty are computed at each structure and aggregated by damage
category to damage reach index locations. Stage is elevation or locally
referenced stage associated with the structure and index location. Damage
is the median estimate of structure, content, or other inundation reduction
damage associated with the stage of flood waters at the location.
Uncertainty in the stage-damage function is due to errors in estimating the
depth-damage function, first floor stage, structure value, and content to
structure value ratio.

Stage-Damage Uncertainty: Error (uncertainty) in estimating the stage-
damage values. The only error probability density function available is
normal.

Stage-Direct Dollar Content Damage: Relationship of depth and direct
(actual) content damage values at the structure location.

Stage-Direct Dollar Structure Damage: Relationship of depth and
direct (actual) structure dollar damage values at the structure location.

Stage-Discharge: The relationship of stage to a range of discharge values
at a specific location.

Stage-Discharge Function: A graphical relationship that yields the stage
for a given discharge at a specific location on a stream or river. Referred
to as a rating function or curve. These relationships are usually developed
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by computing water surface profiles for several discharges and plotting the
stages vs. discharge relationship at a specific stream location.

Stage-Discharge Functions with Uncertainty: Relationship of the water
surface stage and discharge. Uncertainty is the distribution of the errors of
stage estimates about a specific discharge. The error probability density
functions available are normal, log normal, and triangular.

Stage-Probability Water Surface Profiles: Water surface profiles are
stage based. The stage values are required for each station and water
surface profile analyzed.

Stage-Probability Functions with Uncertainty: Relationship of water
surface stage and exceedance probability of occurrence. Uncertainty is the
distribution of the errors of stage estimates about a specific ordinate. The
ordered statistics approach is used to define the errors of the graphical
relationship.

Standard Deviation: A statistic used as a measure of the variation in a
distribution, equal to the square root of the sum of the squares of the
deviations from the arithmetic mean divided by the number of values
minus one. The second moment statistic of a Log Pearson Type Il
analytical discharge-probability function calculated using the mean
logarithm and the logarithms of peak discharge values.

Steady Flow: State where depth in flow is open channel does not change
during the time interval under consideration, (Chow, Open Channel
Hydraulics, 1959).

Still Water Stage: Stage that the water surface assumes if all wave action
is absent.

Storage Area: Storage area is a water body such as a lake or pond that
normally requires a stage-frequency instead of discharge-frequency
function analysis.

Streams: Streams are defined for the study and are therefore common for
all plans and analyses. They include one or more damage reaches. They
are used to aggregate data entry and output report information by the
stream title. Streams are generalized to include rivers, creeks, bayous,
channels, ditches, canals and even ponding areas. One or more streams
may be specified as part of the study area. Several hydraulic routing
reaches along the stream are normally combined by stream name for
analysis and reporting purposes. Water surface profile data are entered by
streams.

Stream Station: Study adopted stations along the stream normally
denoted as miles (kilometers) above the mouth of the stream. Must be

B-12



HEC-FDA User's Manual Appendix B - Glossary

consistent between damage reach boundaries, damage reach index
location, water surface profiles, and structure location. The range of
allowable values is from 9,999,999.99 to 9,999,999.99.

Structure Coordinates: The X, y spatial coordinates of the location of
the structure.

Structure Occupancy Type: The name given to a similar set of
structures that is used to define the depth-percent damage function and
first floor, structure value, and content/structure value ratio uncertainty of
the type of structures. Each structure is assigned to a structure occupancy
type. Several structure occupancy types may be assigned to the specified
study damage category. For example: single-story no basement, single-
story with basement, duplexes, mobile homes are structure occupancy
types assigned to a residential damage category. An existing structure
occupancy type can be selected, updated, and deleted. The length is 16
characters.

Structure Value: The standard deviation in percent of structure value
associated with the uncertainty in the structure value estimate for a
particular structure occupancy type. A normal distribution is used.

Structure Year: The year the structure is built. Used for economic
evaluations. Important for analysis of base and future analysis years in
that only structures specified with those or previous years are included in
the analysis.

Study: The investigation of with- and without-project conditions
involving hydrology, hydraulics, economics, plan formulation and
evaluation. All the above information is stored under the study directory.

Study Configuration: The information that is multiple discipline used
throughout the study. Includes definition of streams, damage reaches,
plans and analysis years. These data are commonly used during H&H
(hydrology and hydraulics) and Economic analysis. Definition of the
study configuration should be a multi-disciplinary activity.

Surveyed Year: The year associated with the structure survey flood
damage values used in the structure inventory.

System of Units: Units of measure for study data and output reports.
There are two hardwired choices (SI (metric) and English), with English
being the default. The units are used only as labels.

Top of Levee Stage: The stage of the top of the levee, flood wall, or tidal
barrier that exists at the site or is being evaluated.
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Total Overtopping Height (HW): The difference between the levee or
flood wall stage and the sum of the still water stage and the wave runup.
Wave runup is assumed equal to wave height if the still water stage is
below the levee or flood wall and two-thirds wave height if the still water
elevation is above the levee or flood wall. These assumptions for wave
runup are appropriate for non-coastal applications where waves are
relatively small.

Triangular Distribution: A three-parameter bounded probability
distribution defined by the minimum, most likely (mode), and maximum.

Uncertainty: Measure of imprecision of knowledge of parameters and
functions used to describe hydraulic, hydrologic, geotechnical and
economic aspects of a project plan.

Uncertainty Distribution: A statistical relationship of possible outcomes
that defines the dispersion or variation of errors about the median or “best
estimate” of values along a function. Uncertainty distributions are used to
quantify errors probabilistically when using risk-based analysis. The
magnitude and range of the distribution can be defined using error limit or
confidence limit curves above and below the median curve.

Uniform Distribution: A two-parameter bounded probability distribution
defined by the minimum and maximum that is used for data that varies
uniformly between the minimum and maximum values.

Unsteady Flow: The flow condition where depth changes with time
(Chow, Open-channel Hydraulics, 1959).

Updated Price Index: A value used to update all economic (structure
damage) values to present (or other) values. The range of allowable
values is from 0.00 to 100.00. If left blank, the default will be 1.00 and no
adjustments are made to the economic data.

Updated Year: The price year associated with the updated price index.
Must be greater than or equal to the Surveyed Year. If left blank, the
default will be the Surveyed Year.

Water Surface Profiles: Water surface profiles are used to develop
without- and with-project condition stage-discharge (rating) functions at a
index location station within a damage reach. Also, water surface profiles
are used to aggregate stage-damage functions with uncertainty at a index
location station within a damage reach. If provided, the profiles are used
in the development of discharge- and stage-probability functions, if not,
the stage-discharge (rating) and discharge- or stage-probability functions
must be entered directly. Discharge values used in the water surface
profile analyses should be median values. A set of water surface profiles
is specified for each plan, analysis year, and stream to be analyzed.
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Wave Height: The vertical distance between the crest of a wave and the
preceding wave trough. Wave height is dependent on still water level.

Wave Overtopping: The effects of water overtopping a levee or flood
wall and the associated contribution to flood depth on the interior.

Weighted Skew: A statistic used as a measure of the dispersion of the
data about the mean equal to the number of values times the sum of the
cubes of the deviations from the mean divided by the number of values
minus one, times the number of values minus two, times the standard
deviation cubed. The third moment statistic of a Log Pearson Type IlI
analytical discharge-probability function calculated using the mean
logarithm, the standard deviation of the logs, and the logarithms of peak
discharge values.

With-Project Condition: The economic, performance, and other

conditions associated with implementing a flood damage reduction plan.
It is compared to the without-project condition. It includes the base-year
and static future analysis year periods to determine the equivalent values.

Without-Project Condition: The condition of the study area for the
project life analysis period that is anticipated to most likely occur if the
flood damage reduction measures and actions are not implemented. It
includes the base year and static future analysis year periods to determine
the equivalent values. It is the basis or baseline condition for evaluating
the benefits and performance of potential flood damage reduction plans.
Emphasis is initially placed on defining the without-project base-year
conditions.

Year in Service: Year that a particular structure was built or a future year
when the structure is assumed to be in place. Used to designate which
structures are to be used for the specified analysis years. Only structures
with year in service dates equal or less than the designated analysis years
are used.
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Appendix C

Creating Water Surface Profile Data

The HEC-FDA program can import water surface profile data (see
Chapter 4, Section 4.3, pages 4-5 thru 4-6) generated by the Water Surface
Profiles (HEC-2) program (USACE, 1991) or the River Analysis System
(HEC-RAS) program (USACE, 2002). This appendix provides
information on how to generate the data files you will need from HEC-2
or HEC-RAS for importing into FDA.

C.1 Creating Water Surface Profile Data from HEC-2

After the HEC-2 program has been used to compute multiple-profiles for
eight frequency-based flows, the Summary Printout (SUMPO) program is
used to create a text file of the water surface profile data for importing into
the FDA program. The SUMPO program is part of the HEC-2 package.

The SUMPO program is selected as the run command choice in theHEC-2
Package Menu. The following steps are taken to create a text file of the
WSP data to import:

e From the SUMPO dialog box, select Create summary tables from
the menu.

e The variables Section Number (SECNO), Total Discharge (Q),
Minimum Cross-Section Elevation (ELMIN), and Computed Water
Surface Elevation (CWSEL) are selected, in that order, for the
summary table.

e "O" is selected to write the summary table to a file.
e Sclect all or the appropriate cross-sections for the stream by
answering the question "Output all cross sections (y/n)?" with "y"

for yes.

e Sclect the profiles in the same manner by answering the question
"Output all profiles (y/n)?" with "y" for yes.

e Answer "No" to, "Include summary errors in output (y/n)?" and,
"Append output to output file (y/n)?"

e Press <Enter> to generate the report.
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C.2

The file name will be the same as your input data file with an extension of
.SMP unless it is changed by selecting "Define files & printer width" in
SUMPO. Once the table is generated, check the results to see if it
included the eight profiles and the stations for the stream of interest by
displaying the file to the console or viewing it with a text viewer or editor.
An example of a portion of a SUMPO text file is shown in Figure C.1.

SUMPO
Interactive Summary Printout
for MS DOS/PC DOS micro computers
Sept 1988 version (9/89 update)
*

NOTE Asterisk (*) at left of profile number
indicates message in summary of errors list

SOUTH FORK BEAR CREEK
Summary Printout
SECNO Q ELMIN CWSEL

.80 2790.00 416.50 424 .68
.80 4030.00 416.50 426.58
.80 5530.00 416.50 428.56
.80 7100.00 416.50 430.39
.80 8100.00 416.50 431.39
.80 9550.00 416.50 432.90
.80 10620.00 416.50 433.92
.80 12870.00 416.50 435.88

.82  2790.00 416.10 424 .81
.82  4030.00 416.10 426.70
.82 5530.00 416.10 428.67
.82  7100.00 416.10 430.48
-82  8100.00 416.10 431.47
.82  9550.00 416.10 432.95
-82 10620.00 416.10 433.95
.82 12870.00 416.10 435.85

Figure C.1 Partial Listing of SUMPO Water Surface Profile Data

Creating Water Surface Profile Data from HEC-RAS

After HEC-RAS has been executed, program options can be used to create
a text file of the water surface profile data for importing into the FDA
program. Separate data files are created for each plan and stream (reach).
Error messages will be displayed if more than one stream (reach) or plan
is included in the file you are attempting to import. If this happens, return
to the HEC-RAS program and re-generate the file with one stream (reach)
and/or plan, as needed. Note that river tributaries may be designated only
as separate hydraulic reaches in HEC-RAS. When importing this data into
FDA, tributaries are generally considered separate streams and water
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surface profile data should be imported separately for each stream. When
the HEC-RAS analysis has been completed, do the following:

e From the HEC-RAS main window, on the View menu click Profile
Summary Table, the HEC-RAS Profile Output Table -
Standard Table 1 dialog box will open.

e From the HEC-RAS Profile Output Table — Standard Table 1,
on the Std. Table menu, click HEC-FDA. Now the dialog box will
change to the HEC-RAS Profile Output Table - HEC-FDA
(Figure C.2)

i Profile Dutput Table - HEC-FDA =10] x|

File ©Options Skd, Tables User Tables Locations  Help
HEC-BAS Plan: 5C Flow Feload Data

Reach River Sta | Profile [ Total | Min ChEl| .5, Elew

[cfz] [ft] (]
Silver Lower| 33758, | 2w ~4000.00 20.60 30.65
Silver Lower| 33758, | Swr ~ 8500.00 20.60 34.46
Silver Lower| 33758, [ 10w 10500.00 20.60 35.85
Silver Lower| 33758, | 25 12000.00 20.60 36.74
Silver Lower| 33758, | 50pr ~32000.00 20.60 4413

Silver Lower| 33758, | 100w a0o0.00 20.60 50.3
Silver Lower| 33758, | 250w 000o0.00 20.60 53.75
Silver Lower| 39758, | 500y 54000.00 20.BD ok.38

Silver Lower| 33343.3% | 2w 4000.00 20.839 30.84
Silver Lower| 33343.3% | Swr ~ 8500.00 20.839 34.65
Silver Lower| 33343.3% [ 10wr 10500.00 20.839 36.03
Silver Lower| 39343.3% [ 25y 12000.00 20.839 36.93
Silver Lower| 33343.3% [ 50y 32000.00 20.839 44 42
Silver Lower| 33343.3% [ 100w #0000.00 20.839 50.50
Silver Lower| 33343.3% | 250w 00000.00 20.839 54.24
Silver Lower| 3334337 | 500w /54000.00 2083 5k.82

Figure C.2 HEC-RAS Profile Output Table for HEC-FDA

e From the Options menu:

» Click Plans, from the Plan Selection dialog box, select the
appropriate plan.

» Click Profiles, from the Select Profiles dialog box, select the
appropriate water surface profiles (FDA requires eight
profiles).

» Click Reaches, from the Select Rivers and Reaches dialog
box, select the appropriate reach.

» The cross section order needs to be downstream to upstream
(increasing by station), click Table Cross Section Order.
From the HEC-RAS dialog box, click Downstream to
Upstream Order (HEC2 Style).
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» If you want to save the table with the above options, click
Save Table. From the HEC-RAS dialog box enter a
filename.

e Once the table is generated (see Figure C.2, page C-3), check the
results to see if eight profiles and the stations for the stream of
interest are included.

e To save the profile summary table to a text file, on the File menu,
click Write to Text File, the Enter Filename browser will open.
Enter a name in the File name box, the extension of the file will be
*.ixt. When importing HEC-RAS results, FDA filters files to show
only those with the extension *.wsp. You will need to rename the
profile output table file to use the extension *.wsp before importing
it into FDA.

Figure C.3 contains an example partial listing of a saved profile summary
text file that was saved from HEC-RAS.

Profile Output Table - HEC-FDA Silver Creek

HEC-RAS Plan: SC Flow

# Rivers =1

i# Hydraulic Reaches = 2

# River Stations = 481

# Plans =1

i# Profiles =8

Reach River Sta Profile Q Total Min Ch EI' W.S. Elev
(cfs) (o) (o)

Silver Lower 39758. 2yr 4000.00 20.60 30.65

Silver Lower 39758. 5yr 8500.00 20.60 34.46

Silver Lower 39758. 10yr 10500.00 20.60 35.85

Silver Lower 39758. 25yr 12000.00 20.60 36.74

Silver Lower 39758. 50yr 32000.00 20.60 44_19

Silver Lower 39758. 100yr 70000.00 20.60 50.31

Silver Lower 39758. 250yr 100000.00 20.60 53.75

Silver Lower 39758. 500yr 154000.00 20.60 56.38

Silver Lower 39943.3* 2yr 4000.00 20.89 30.84

Silver Lower 39943 .3* 5yr 8500.00 20.89 34.65

Silver Lower 39943 .3* 10yr 10500.00 20.89 36.03

Silver Lower 39943 .3* 25yr 12000.00 20.89 36.93

Silver Lower 39943 .3* 50yr 32000.00 20.89 44 .42

Silver Lower 39943.3* 100yr 70000.00 20.89 50.50

Silver Lower 39943.3* 250yr 100000.00 20.89 54.24

Silver Lower 39943.3* 500yr 154000.00 20.89 56.82

Figure C.3 Partial Listing of File from HEC-RAS Profile Output Table
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Appendix D

Wave Overtopping Analysis

Wave overtopping analysis accounts for the effects of wave overtopping
when analyzing levees, floodwalls or tidal barriers. The purpose is to
account for damage in the floodplain due to waves spilling over the top of
new levees or floodwalls and to account for waves when considering
levees subject to failure.

D.1 New Levees and Floodwalls

New levees and floodwalls are generally, by design, not subject to failure
below their crest. These structures can be subjected to wave action from
large rivers, estuaries, or in coastal areas. If wave action is shown to cause
flood inundation damage, a wave overtopping analysis may be warranted.
The HEC-FDA program includes a simplified approach to evaluate
damage caused by wave overtopping.

The steps for creating a new levee are located in Chapter 7, Section 7.2
(page 7-1). To account for the effects of wave overtopping:

1. From the Levee Features dialog box (Figure D.1), click Wave
Overtopping.

_E: Bear Creek - Plan Formulation - Levee Features _ Inlﬁl
File Edit “iew Help

Flan; IF'Ian 2 j Shreant IS Fork Bear j
Analysis Year: |2DDS j Damage Reach: ISF'9 j

Leves Mame: ISFDS 5-Ftwsall Use An Existing Leveel Save |
Description: |5-Ft Flood ' all in Reach S5F-3 - Both Banks ol |

Top of Levee Stage: |430.UU

[T Esteriordlnberior Helationship...l M Wave D\rertopping...l

[T Geotechnical Failure Analpsis |

Interior [Floodplain]
Exterior [River]

Figure D.1 Levee Features Dialog Box
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The Wave Overtopping Analysis dialog box will open (Figure
D.2).
Q- Bear Creek - Plan Formulation - Wave Overtopping Analysis ;|g|1|
File Edit “iew Help
Marme SFO9 5-Ft wall
Descripton 2t Flood Wallin Reach SF-3 - Both Banks

Wwave Height Functions | Overtopping Parametersl

Distribution Type
* Mone ( Momal ¢ Trangular € Log Marmal

Siill \w#ater Wave
Lewvel [ft.] Height [ft.]

-] Plot |
J Tabulate |

P

=

ote: Overtopping applies only if geotechnical failure iz not an izzue az for new levees or flood
walls. Otherwize, wave overtopping is azsumed ta fall leves.

Save | Lancel |

Figure D.2 Wave Overtopping Analysis Dialog Box - Wave Height
Functions

The Wave Height Functions tab is selected by default, a still water
level versus wave height relationship needs to be entered in the
table. Still water stage corresponds to the exterior stage discharge
or stage frequency function specified for the damage reach. The
still water versus wave height relationship and uncertainty are
developed outside FDA from historical data and statistical analysis
or by some other method.

If there is uncertainty associated with the wave height, from the
Distribution Type box (Figure D.2) select the appropriate
uncertainty type. Then enter the parameters for the uncertainty for
each wave height.

To view the still water versus wave height relationship graphically,
click Plot or on the View menu, click Wave Overtopping Plot,
either way the Wave Height Plot dialog box will open. To view
the still water versus wave height relationship in a report, click
Tabulate or on the View menu click, Wave Overtopping Report,
either way the Wave Height Report dialog box will open.

When a levee or floodwall is subjected to wave action, a portion of
the wave may overtop depending on whether the wave strikes the
structure. The volume of water that spills over the levee or
floodwall is dependent on the effective overtopping height.

You now need to enter the parameters for the overtopping of the
levee. From the Wave Overtopping Analysis dialog box (Figure
D.2), click the Overtopping Parameters tab (see Figure D.3, page
D-3). Now the user can enter relationships for determining the
effective overtopping and resulting depth in the floodplain. The
Overtopping Parameters tab (see Figure D.3, page D-3) is only
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_{olx]
File Edit iew Help

Mame SFO9 5-Ft'w/all

Description 2Pt Flood wallin Reach SF-3 - Both Banks

Wave Shape Eff. Dvertopping ;I Eff. Ovetopping Irterior ﬂ
Factor [£] Factor [K] Height [hao] [ft.] Stage [S] [ft.]

L L

2| 2|

3| 5|

| 4|

5 5

5 5

[ 7|

5| 5|

N 5|

10 = 10 =

Plat Tabulate | Plat T abulate |
Mote: [tis assumed that wave can overtop but not fail levee. [Mew Levees/Floodwalls)

Save | LCancel |

Figure D.3 Wave Overtopping Analysis Dialog Box - Overtopping
Parameters

available if geotechnical failure relationships have not been defined
for the levee.

The relationships that define the overtopping parameters are
developed outside the FDA program from known wave
characteristics and hydraulic analyses. The data in the two tables
define separate relationships. The following describes how the
wave height and these data are used to determine the depth in the
floodplain due to wave overtopping.

e Wave height (R) is determined from the still water level (SE)
versus wave height and uncertainty relationships for each still
water level.

e I[f the still water level alone exceeds the top of levee (SD),
wave runup (RR) is equal to two-thirds of the wave height. If
still water level alone (SE) is below the top of levee, wave
runup is equal to the full wave height.

RR =2/3 R ( SE >SD)
RR =R ( SE < SD)

e The exterior stage with wave (Sg) is computed by adding
runup to still water level.

Sg=SE + RR

e The total height above the levee (HW) is determined by
subtracting the levee crest elevation (SD) from the exterior
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stage with wave (Sg). This height is set to zero if the exterior
stage with wave is equal to or below the top of levee.

HW=Sg-SD (SE>SD)
HW =0 (SE < SD)

The wave shape factor (Z) is equal to the ratio of the portion
of wave above the levee or floodwall to total wave height and
is determined by dividing the total height by the wave runup.

Z =HW/RR

K, is a factor for determining the portion of the total water
above the top of levee that is effective for overtopping and is
dependant on the wave shape factor, Z, as defined by the
entered relationship Z versus K (see Figure D.3, page D-3).

The total effective overtopping height (HO) above the top of
levee is equal to K times the total height (HW) above the top
of levee.

HO = K*HW

The depth of water in the floodplain, referred to as interior
stage (S)) is the stage on the landward side or interior of the
levee or floodwall and is dependant on HO as described by
the entered relationship HO versus S; (see Figure D.3, page
D-3).

It should be noted that the relationship HO versus S; should be
defined for the full range of overtopping heights and interior stages.
At some point, either by failure or sufficient overtopping, S; should
equal the levee elevation (SD) plus the quantity (HO minus 2/3 R).

S;=>SD + (HO - 2/3 R)

The exception would be if there was not sufficient volume available
to fill the interior area to the same elevation as the exterior still

water level.

To view the wave shape factor versus effective overtopping factor
relationship graphically, click Plot underneath that table, the Wave
Factor Plot dialog box will open. To view the wave shape factor
versus effective overtopping factor relationship in a report, click
Tabulate underneath that table, the Wave Factor Report dialog

box will open.

To view the effective overtopping height versus the interior stage

relationship graphically, click Plot underneath that table, the

Interior Stage Plot dialog box will open. To view the effective
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overtopping height versus the interior stage relationship in a report,
click Tabulate underneath that table, the Interior Stage Report
dialog box will open.

Once you are finished entering the wave overtopping relationships,
click Save, the Wave Overtopping Analysis dialog box will close
(see Figure D.3, page D-3). This saves the relationship for the
levee, but you must click Save from the Levee Features dialog box
(See Figure D.1, page D-1) to save the entire levee definition.

D.2 Levees Subject to Geotechnical Failure

For existing levees or other levees subject to geotechnical failure, a
relationship between water surface stage on the river or exterior side of the
levee versus the probability of failure can be defined as described in
Chapter 7, Section 7.2.2 (page 7-5). When this is the case, a still water
level versus wave height relationship may be defined to account for the
effect of waves contributing to levee failure. Since the levee has a
geotechnical failure relationship defined, overtopping parameters will not
be available.

When a still water level versus wave height relationship is provided, the
following two scenarios apply.

e Ifa given still water level fails the levee based on the geotechnical

failure relationship, wave height is ignored and the still water level
without wave is used to determine interior stage based on an
exterior versus interior relationship. If the later relationship is not
provided, the interior stage is assumed equal to the still water level.

If the still water level does not fail the levee based on the
geotechnical failure relationship, sampled wave height is added to
the still water level and compared to the top of levee stage. If still
water level plus wave height is equal to or exceeds the top of levee,
the levee is failed and the still water level without wave is used to
determine interior stage based on an exterior versus interior
relationship. If the later relationship is not provided, the interior
stage is assumed equal to the still water level.
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Appendix E

Importing HEC-FDA Study Data

E.1 HEC-FDA Study Data

HEC-FDA imports several primary data types from delimited files. By
default, FDA expects the fields to be separated by the tab character. These
data types are the primary reason for importing data but they may
reference other data types that are assumed to already exist. For example,
structure information is primary data, yet each structure references a
stream which is assumed to already be defined. However, as part of the
import process, FDA will add records (if they don’t exist) to the database
for some related data (such as streams) to facilitate successful transfer of
data. Sometimes, this has unintended effects if you have entered the
wrong name. FDA imports the following data:

e Plans (plan name). The plan names must be unique.
e Years (year). Enter a maximum of two years, each must be unique.
e Streams (stream name). The stream names must be unique.

e Damage reaches (reach name, stations, bank). The damage reach
names must be unique. The index station must be between the
beginning and ending stations inclusively. The damage reaches are
defined by stream, station (river mile), and stream bank (left, right,
or both). FDA assigns each structure to a damage reach using either
the structure's stream, station (river mile), and bank (left or right)

e Damage Categories (damage category name). The names must be
unique.

e Structure Occupancy Types (structure occupancy type name). The
names must be unique and be assigned to a damage category. Each
damage category may contain one or more structure occupancy
type. (Example: Damage Category SF Residential may have the
Structure Occupancy Types 1SNB, 1SWB, 2SNB, 2SWB, etc.).
Structure occupancy types contain the depth-damage functions and
each structure occupancy type represents a type of dwelling. For
example, separate structure occupancy types could represent the
following:
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m single family, no basement, wood frame construction;
m single family, with basement, masonry construction;
m public building, masonry construction, school; etc.

FDA will add structure occupancy types for each structure
occupancy type referenced by the imported structure if that
structure occupancy type does not exist. The structure occupancy
types that are added contain no depth-damage functions, etc. You
will have to edit the depth-damage functions or import them later.

e Structure modules (Structure module name).

e Structures (Structure name). Each structure must have a unique
name. At entry, a structure must be assigned a stream, damage
category, occupancy type, and structure module (base is default).
Other parameters may be entered later before the calculation of
stage-damage. Structure information includes such items as value
of structure, contents, and "other,” first floor elevation, and stream
station (river mile).

e Water surface profiles. Each water surface profile must have a
unique name. You may import either discharge or stage profiles.

E.2 Requirements for Importing from an ASCII Tab
Delimited File

FDA imports data from a text file which contains delimited fields. By
default, FDA expects the fields to be delimited by the tab character and the
following sections of this appendix assume that you used the tab character
as the separator. A different field separator can be specified, see Chapter
8, Section 8.3.2 (page 8-8).

The file contains a TAB between each field of data. The first line (row) of
the file is a header record which contains fieldnames for each field of data.
The fieldname in field one of the header record is a keyword (see Section
E.2.1) which identifies the data type. If the file contains data that FDA
cannot import (such as structure square footage), you would leave the
fieldname blank or enter a descriptor which is not a recognizable FDA
fieldname.

E.2.1 Types of Study Data and Associated Keywords

FDA can import several types of data: plans, years, streams, damage
reaches, damage categories, structure occupancy types, structure modules,
structure inventories, water surface profiles, exceedance probability
(frequency) functions, stage-discharge (rating) functions, and levee data.
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The header record (row one) for each data type must contain one of the
correct keywords (Table E.1) in field one. FDA uses the keyword to
determine the type of data that will be imported. Multiple types of data

Table E.1

HEC-FDA Keywords for Import File

Keyword Type of Data
Plan_Name Plans
Year Name Years
Strm_Nme Streams
Rch_Name Reaches
Cat_Name Damage Categories
Occ Name Occupancy Types
Mod_Name Structure Modules
Struc_Name Structure inventory
WSP_ Name Water Surface Profiles

WSP_Probability
WSP_Station

Freq Name Exceedance Probability Functions
Rate Name Stage-Discharge Functions
Levee Name Levee Data

may be entered in one file although it is usually best to enter different data
types in separate files. The header record for each new data type must
contain the keyword in field one and the fieldnames are included the
subsequent fields of the header record. For example, Figure E.1 displays a
section of an ASCII delimited file that has been setup for importing data
into FDA.

B FD_ImportFile.txt - Notepad =1
Fle Edi Format View Help
Plan_Mame Plan_Desc A
Without  Without project condition
Plan 1 Detention + Channel Irp.
Plan2  Floodwall Only
Plan3  Detention, Channel Imp., and Floodwall
Year_Mame
2009
2030
Strm_Nme Strm_Desc
S Fork Bear South Fork Bear Creek
Rch_Mame Rch_Desc Stream_MNme Beg_Sta End_Sta Bank Index_Sta SI0_Refid
SF-8 BASHFORD MANOR LM TO BEARDSTOWN RD Sk, 9.0-9.96 S Fork Bear 9.02 9.96 Eath 9.253 47509
SF9  BARDSTOWHN RD TO DOWHING WY SM. 896-10.363 S Fork Bear 9.98 10.363  Both 10124 48213
~
< >

Figure E.1 Example ASCII Tab Delimited File for Importing Data

E.2.2 Format of Data and Fieldnames

The header record which contains the keyword and fieldnames for an FDA
data type must precede any data associated with that data type. The
following rules apply to the keywords and data:

e Data for the keyword must be unique for each record (unique
category names, unique structure occupancy type names, unique
structure names, etc.).
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e The keyword and associated data must be entered. For example,
when importing damage categories, the keyword Cat_Name must
be entered in field one of the header record and a damage category
name must be entered in field one of the subsequent records that
define the data for each damage category. Other fields may be
omitted unless required by the FDA program. For example, each
structure must be assigned to a damage category so each structure
entry must include a damage category name.

e By default, fieldnames and data fields are separated by the TAB
delimiter, the user can specify other field separators (see Chapter 8,
Section 8.3.2, page 8-7). A typical way to create a file for
importing data into FDA is to enter the data in a spreadsheet
program such as Excel®. From the spreadsheet, first save the
spreadsheet and then save the current Excel® file as "Text (Tab-
delimited) (*.txt)". The FDA program assumes the extension ".txt"
for a file that is to be imported, although you can use any extension
you like.

e Other than the keyword (must be in field one of the header record),
other fields may be entered in any order and data not recognized by
FDA can be interspersed anywhere.

o The fieldnames are entered on the header record.

e All data may be in one file but it is advisable to keep the structures
separate from other types of data such as occupancy codes strictly
from a visual standpoint and to maintain integrity in the field
formatting and width.

e Numeric data cannot contain commas. For example, a structure
value of $12,300 must be entered as 12000 in the delimited text file
that is imported into FDA.

The following sections describe the required header record format for each
type of data. One way to easily get a "template" of the required format for
each data type is to enter one set of data (such as one damage category,
one stream, one damage reach, one structure, etc.) and then export the data
to a tab-delimited text file (see Chapter 8, Section 8.3.3, page 8-9).

E.2.3 Header Record and Fieldnames for Plans

The following fieldnames (identifiers) used to import plans:

Field Name Description

Plan Name Plan name (sixteen characters maximum);
required. Keyword; must be entered in the
first field.
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Plan_Desc Plan description (sixty-four characters
maximum); optional.

Figure E.2 provides an example of the entry of plans in an ASCII tab
delimited file that can be imported into FDA.

I FDA_ImportFile.txt - Notepad
File Edit Formak Miew Help

Plan_MName Flan_Desc
Without “Without project condition

Plan 1 Detentian + Channel Imp.
Plan 2  Floadwall Only
Plan3  Detention, Channel Imp., and Floodwall

£

Figure E.2 Header Record and Data Records for Importing Plans

E.2.4 Header Record and Fieldnames for Analysis Years

The following fieldnames (identifiers) used to import analysis years:

Field Name Description

Year Name Analysis year, (four characters maximum);
required. Keyword; must be entered in the
first field.

Figure E.3 provides an example of the entry of analysis years in an ASCII
tab delimited file that can be imported into FDA.

' FDA_ImportFile.txt - Notepad [Z||E|E|
File Edit Format Miew Help

Year_Mame ~
2002

20=0 =
£ >

Figure E.3 Header Record and Data Records for Importing
Analysis Years

E.2.5 Header Record and Fieldnames for Streams

The following fieldnames (identifiers) used to import streams:

Field Name Description

Strm Nme Stream name (sixteen characters maximum);
required. Keyword; must be entered in the
first field.
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Strm_Desc Stream description (sixty-four characters
maximum); optional.

Figure E.4 provides an example of the entry of streams in an ASCII tab
delimited file that can be imported into FDA.

B FDA_ImportFile.txt - Notepad
Eile Edit Faormat Yiew Help

=trm_Mme Strm_Desc ~
S Fork Bear South Fork Bear Creek 3
4 >

Figure E.4 Header Record and Data Records for Importing Streams

E.2.6 Header Record and Fieldnames for Damage Reaches

The following fieldnames (identifiers) used to import damage reach data:

Field Name Description

Rch Name Reach name (sixteen characters maximum);
required. Keyword; must be entered in the
first field.

Rch Desc Reach description (sixty-four characters

maximum); optional.

Stream Nme Stream name (sixteen characters maximum);
required. Should match a previously entered
stream.

Beg Sta Beginning stream station for this damage

reach. It must be less than or equal to the
ending stream station.

End Sta Ending stream station for this damage reach.
Must be greater than or equal to the beginning
stream station.

Bank Stream bank associated with this damage
reach. It may be L, Left, R, Right, B, or Both.

Index_Sta Index location stream station for this damage
reach. It must be between the beginning and
ending stream stations inclusively.
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SID Reffld SID reference flood elevation (optional). This
is needed only if you are using the SID
reference flood for aggregating damage to the
index location.

Figure E.5 provides an example of the entry of damage reaches in an
ASCII tab delimited file that can be imported into FDA.

B\ FD4_ImportFile.xt - Notepad
file Edit Format Yew Help

Reh_Name Reh_Desc Strearm_Nme Beg_Sta End_Sta Bank  Index_Sta SID_Refld A
5F8  BASHFORD MANOR LN TO BARDSTOWN RD SM. 90896 5 Fork Bear 902 9%  Both 8253 47509
3F8  BARDSTOWN RD TO DOWNING WY SM. 9.98-10.363 3 Fork Bear 89 10363 Both 10124 48213

{ >

Figure E.5 Header Record and Data Records for Importing Damage
Reaches

E.2.7 Header Record and Fieldnames for Damage

Categories
The following fieldnames (identifiers) used to import damage category
data:
Field Name Description
Cat_Name Damage category name (sixteen characters

maximum); required. Keyword; must be
entered in the first field.

Cat Description  Description of damage category (sixty-four
characters maximum); optional.

Cost_Factor Price index for damage category. Overrides
the global factor entered for the study. If left
blank, the price index for the damage category
is set to undefined and the damage category
will use the global price index.

Figure E.6 provides an example of the entry of damage categories in an
ASCII tab delimited file that can be imported into FDA.

I FD4_ImportFile. txt - Notepad EJ[E| E|

File Edit Format Wew Help

Cat_Mame Cat_Description  Cost_Factor ~
RES SINGLE FAMILY RESIDENTIAL 1

APT APARTMENTS 1

CoOmMM COMMERCIAL STRUCTURES & CONTENTS 1

PLIB PUBLIC STRUCTURES & CONTENTS 1

AUTD AUTO DAMAGE 1

< >
Figure E.6 Header Record and Data Records for Importing Damage
Categories

"
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E.2.8 Header Record and Fieldnames for Structure
Occupancy Types

The following fieldnames (identifiers) used to import structure occupancy

type data:

Field Name Description

Occ Name Structure occupancy type name (sixteen
characters maximum); required. Keyword:
must be entered in the first field of the header
record and must be entered for each data
record that has valid data for the structure
occupancy type.

Cat Name Damage category name (sixteen characters

maximum).

Occ_Description  Description of structure occupancy type
(sixty-four characters maximum); optional.

Parameter See Parameter Code section.
Start Data Code name indicating the first column of data

in depth-damage functions and structure
uncertainty parameters.

Figure E.7 provides an example of the entry of structure occupancy types
in an ASCII tab delimited file that can be imported into FDA.

Figure E.7 Header Record and Data Records for Importing Structure Occupancy
Types

Structure Occupancy Type Parameter Codes

Parameter codes identify the type of data entered in the current data
record. The data record may contain depth, damage, standard deviation in

E-8
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damage, or structure uncertainties (such as for first floor stage, structure
value, content value, or other value). All data pertinent to this parameter
code are entered in field to the right of the parameter code. Damage data
for depth-damage functions may be entered in percent (use the parameter
code) or in thousands of dollars (append the parameter code with a "$").
For example, damage for the depth-percent damage function for structure
damage uses the code S whereas if the damage is in thousands of dollars it
uses the code S$.

For a given structure occupancy type, all functions must be of the same
type (either percent damage or dollar damage) and not a combination of
the two. The parameter code for damage includes a letter indicating which
component of damage is entered (S for structure, C for content, O for
other). The parameter code for standard deviation of error (or
maximum/minimum for triangular distributions) includes the component
(S for structure, etc.) and the distribution (blank is none, N is normal, L is
log-normal, and T is triangular). The following lists the valid parameter
codes and associated descriptions:

Parameter
Code Description

STAGE Depth for depth damage function. May be entered
only once and then the same depths are used for all
trailing functions if all functions have the same
number of values. For direct dollar depth-damage
functions, this may be entered as elevation and the
structure first floor stage set to zero.

S Structure damage in percent for the structure depth-
damage function. Use S$ for dollar damage.

C Content damage in percent for the content depth-
damage function (e.g., inventory). Use C$ for
dollar damage.

O Other damage in percent for "other" depth-damage
function (e.g., equipment, outbuildings). Use O$

for dollar damage.

SN Standard error in structure damage, normal
distribution.

CN Standard error in content damage, normal
distribution.

ON Standard error in other damage, normal distribution.
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STU Standard error in structure damage above the curve,
triangular distribution.

STL Standard error in structure damage below the curve,
triangular distribution.

CTU Standard error in content damage above the curve,
triangular distribution.

CTL Standard error in content damage below the curve,
triangular distribution.

OTU Standard error in other damage above the curve,
triangular distribution.

OTL Standard error in other damage below the curve,
triangular distribution.

SL Standard error in structure damage, log-normal
distribution.

CL Standard error in content damage, log-normal
distribution.

OL Standard error in other damage, log-normal
distribution.

STRUCT Distributions and errors for the parameters
associated with structures (first floor, structure
value, content value, and other value). There are
four columns for each uncertainty parameter in the
preceding order. The columns contain the
following data:

(1) Distribution type (N is normal, LN is log-
normal, and T is triangular).

(2) Median value (left blank for first floor and
structure value). For contents and other, this
is the ratio of contents (or other) to structure
value in percent. For example, if the contents
value is 35% of the structure value, enter 35.

(3) Standard deviation of error for normal or log-
normal or the minimum value in the

triangular distribution.

(4) Maximum value in the triangular distribution.

E-10
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The four columns of uncertainty information for the
first floor stage are entered first followed by the
structure value, the contents value, and the other
value.

E.2.9 Header Record and Fieldnames for Structure
Modules

The following fieldnames (identifiers) used to import structure modules:

Field Name Description
Mod Name Structure module name (sixteen characters
maximum); required.

Mod Desc Structure module description (sixty-four
characters maximum); optional.

Figure E.8 (page E-12) provides an example of the entry of structure
modules in an ASCII tab delimited file that can be imported into FDA.

B FDA_ImportFile.txt - Notepad E@g|

File Edit Format Wiew Help

Mod_Marme Mod_Desc ~
Base Default module, normally for existing structures

Future A Adjusted for Regulation program wifo project

Future B Adjusted far regulatory program development wilevee

Future © Adjusted by regulatory program development wichannel

Future D Adjusted by regulatory program development w/channel & levee
b

< >

Figure E.8 Header Record and Data Records for Importing Structure
Modules

E.2.10 Header Record and Fieldnames for Structures

The following fieldnames (identifiers) used to import structure data:

Field Name Description

Struc_Name Structure name (sixteen characters maximum);
required. Keyword; must be entered in the
first field. If there are duplicate structure
names in the file, the study will contain only
the last structure with a duplicated name that
was imported. Similarly, if the structure name
matches that of a structure in the study
already, the structure data in the study will be
replaced by the imported structure.
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Cat Name

Stream Name

Occ_Name

Station

Bank

Year

Struc_Val

Cont Val

Other Val

IF Stage

Grnd_Stage

Found Ht

Damage category name (sixteen characters
maximum); required.

Stream name (sixteen characters maximum);
required.

Structure occupancy type name (sixteen
characters maximum); required.

Stream station (or river mile). It is required
for aggregating stage-damage functions using
the water surface profiles.

Bank location (left or right). If cell is left
blank, HEC-FDA assumes the left bank. Valid
entries are: "L", "Left", "R", or "Right".

Year in service (assumed 1900). It is used to
determine if the structure should be included
in the base year and/or most likely future year
structure inventory.

Structure value ($1,000).

Content value ($1,000). If left blank, the
content value is computed from the structure
value and the content-to-structure value ratio
contained in the occupancy type.

Other value ($1,000). If left blank, the other
value is computed from the structure value
and the other-to-structure value ratio
contained in the occupancy type.

First floor stage (elevation). You must use
either (1) the first floor stage, or (2) the
ground stage and the foundation height.

Stage (elevation) of the ground at the
structure. You must use either (1) the first
floor stage, or (2) the ground stage and the
foundation height.

Foundation height (distance from ground to
first floor). You must use either (1) the first
floor stage, or (2) the ground stage and the
foundation height.
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Begin Damg

Street
City
State
Zip
North
East
Zone

Num_ Struct

Notes
Mod Name
SID Rch

SID Reffld

Beginning damage depth. If left blank, it is
assumed to be undefined and it is not used,
and the beginning damage depth is determined
from the depth-damage functions. If entered,
it is relative to the first floor stage. For
example, if damage starts one foot below the
first floor stage, you would enter -1.

Street address of structure.

City.

State.

Zip code.

Northing coordinate at structure.

Easting coordinate at structure.

Zone for the above coordinates.

Number of identical structures this one entry
represents.

Miscellaneous notes.
Module name (assumed base).
The SID reach name (optional).

The SID reference flood elevation (optional).

Figure E.9 (page E-14)provides an example of the entry of structures in
an ASCII tab delimited file that can be imported into FDA.

E.2.11 Header Record for Water Surface Profiles

The format for importing water surface profiles is somewhat different than
the other types of data that can be imported using delimited text files.
Water surface profiles are assigned to a plan, analysis year, and stream
combination. . One set of water surface profiles may be used for more than
one plan and/or analysis year. The water surface profile data is entered
only once for a given plan, analysis year, and stream combination. Then,
the set of water surface profiles is assigned to other plan and analysis year
combinations that use the same set of water surface profiles on that
stream. To accommodate importing data that is assigned, there is more
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B FDA_ImportFile. et - Hotepad (=1
B ER Fgmat Yew Help

Struc_Mame Ca1_Name Stream_Name Cice_Warme Station  Bank Year Struc_val Com_Wal Other_Val 1F_Stage Gmd_S1age ]
299 COMM S Fork Baar 05_30C_ 9.8 Le& 1300 73700 26050 A7 OASHFORD MANOR MALL

402 APT S Fork Bear A-TSNB 975 Left 1900 2.5 120,75 4765 FOUNTAIN SQUARE map BH-28

400 APT S Fork Bear ATSNB 273 Le& 1900 274 a7 4766 FOUNTAIN SQUARE

a4 APT B Fork Bear ATSNE 8971 Lot 1800 Ha44 1722 ar FOUNTAIN SQUARE

405 APT S Fork Bear A-TENB 9E3 Led 1900 223 1615 47675 FOUNTAIN SQUARE

406 APT 8 Fork Boiar ATSNA 966 Led 1800 323 1A 15 47R A1 FOUNTAIN SQUARE

407 APT S Fork Bear A-TSHE 9B4 Le 1900 44 722 4755 FOUNTAIN SQUARE

400 APT S Fork Dear ATSNE 962 Le& 1900 2323 1615 47560 FOUNTAIN SQUARE OFFICE

am APT B Fork Boar ATSNE 95 Le® 19001 Hdh 1475 484 FOUNTAIN SQUARE

410 APT S Fork Baar ATSND 258 Lo 1200 223 11615 4765 FOUNTAIN SQUARE

an APT B Fork Boar ATSNE 9585 Left 1500 ara naz 45 FOUNTAIN SQUARE

412 APT S Fork Bear ATENB 95 Led 1900 405 12035 4TES FOUNTAIN SQUARE

413 APT S Fork Baar ATSND 9475  Led 1900 BEe 1770 474.5 FOUNTAIN SQUARE

414 APT S Fork Bear ATENB 945 Lek 1900 2.2 06 472 FOUNTAIN SQUARE

415 APT S Fork Daar ATSND 242 Led 1900 37 15108 47225 FOUNTAIN SQUARE

416 ART 3 Fork Bear ATSNE 938 Lo# 1900 4708 FL ¥ | 4725 FOUNT. BOUARE
a7 APT S Fork Bear ATSHE 938 Left 1200 2334 17 473 FOUMTAIN SQUARE
418 APT B Fork Bear ATSNE 933 Le® 1900 2405 120% 471 FOUNTAIN SQUARE
419 APT S Fork Bear ATSNE 932 Le#t 1900 2425 12135 47325 FOLMTAIN SQOUARE
420 APT S Tomk Daar ATSND 2.3 Lest 1900 X1 11055 473 FOUNTAIN SOUSRE
an APT B Fok Bear ATSHNE 93 L 1800 208 105 45 4725 FOUNT. SUUARE
a2 APT S ok Daar ATSNB 933 Le#t 1900 436 21 473 FOUNTAIN SOUARE
413 APT 8 Fork Bear ATSNE 935 Lof 1900 zan 1n0s 4725 FOUNTAIN SQUARE
424 APT S Fork Bear ATSHB 9385  Led 1900 2058 1029 472 FOLMTAIN SQUARE
425 APT S Fork Bear ATSNE 94 Le& 1200 21na 106 45 4715 FOUNTAIN SOUARE
426 APT S Fork Bear ATSHB 942 Le#t 100 2598 1249 4715 FOUMTAIN SQUARE
A4 APT S Fork Daar ATSHD 245 Ledt 1900 243 14215 473 FOUNTAIN SOUARE
4m APT 3 Fork Bear ATSNE 9475 Le# 1900 365 wim 4704 FOUNTAIN SQUARE
429 APT S Fork Baar ATEMB 9.505 Led 1900 2405 12035 47528 FOUNTAIN SQUARE w

Figure E.9 Header Record and Data Records for Importing Structures

than header records that contains fieldnames and each header record is
followed by data. For water surface profiles, there are three header
records:

1. The first header record contains the keyword and fieldnames for the
water surface profile name, the plan, the year, the stream, the type
of profile (flow, stage, or assigned), and the notes. After this header
record the data records for this particular data will follow.

2. The second header record contains the keyword and fieldnames for
the probabilities associated with each profile. After this header
record the data records for this particular data will follow.

3. The third header record contains the keyword and fieldnames for
the stream station, invert stage, and the profile data (flow and/or
stage). After this header record the data records for this particular
data will follow.

First Header Record and Fieldnames for Water
Surface Profiles

The following fieldnames are entered in the first header record for a set of
water surface profiles. This header record is followed by the data record
that corresponds to these fieldnames.

Field Name Description

WSP_Name Water surface profile name (sixteen characters
maximum); required. Keyword; must be a
entered in the first field.

Description Description of this set of water surface
profiles (sixty-four characters maximum);
optional.
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Plan

Year

Stream

Type

Notes

Plan name (sixteen characters maximum);

required. The plan name should match one
that is already stored in the database.

The year, either the base year or the most
likely future year (four characters); required.

The year should match one that is already

stored in the database.

Stream name (sixteen characters maximum);
required. The stream name should match one
that is already stored in the database.

The type of water surface profile (required).
The type of profile is one of three types:

(1) DISCHARGE FREQ for a set of
discharge profiles that contain both

Notes about this set of profiles (optional).

flow and stage profiles,

(2) STAGE FREQUENCY for a set of
stage profiles, and
(3) ASSIGN to indicate the set of profiles
with the specified name (WSP_Name)
are assigned to this plan/year/ stream.

Figure E.10 provides an example of the entry of a water surface profile set
in an ASCII tab delimited file that can be imported into FDA.

B FDA_ImportFile. txt - Notepad
Fle Edi Format Yiew Help
WSP_Name Description
SF Bear WO Base 5
WSP_Probability

06 02
WEP_Station Invert  Stage
0.8 465 42480 42650
082 4161 42481 4267
082 4161 42487 42678
086 416 42493 42686
082 4157 42535 4273%
098 4155 42586 42789
1 4154 42559 42744
101 4154 42589 42751
103 4155 42643 42665
113 47 42716 4294
119 77 4277 42988
121 418 42764 42985
122 418 4279 42992
124 4185 42828 430.32
147 419 43036 43235
15 419 43029 43212
151 419 43033 43207
152 4:0 43071 43285
156 4205 43056 43257
1.56 4205 43059 432861
187 420 43097 43323
157 419 43118 43345
188 419 43118 43348
168 421 43084 43319
15 4213 43073 43282
<

Without

0.1
Stage
42856
42867
42875
42892
42931
429.88
42917
42919
43093
4n.71
43213
43182
4321
43254
434 44
43398
43404
435.13
43469
43474
43565
43689
435.89
4356
435.04

Plan

0.04
Stage
43039
430.48
43058
43082
431.05
43164
43085
43057
43305
43386
43425
43391
43418
434564
436.37
43583
437
43727
43665
4367
437.92
43817
43817
437 .86
4371

2009

0.02
Stage
43139
43147
43167
43187
43204
432 64
43144
4317
43431
435.13
43551
435.16
43543
435.88
437 5
436.58
43665
43854
4378
438 45
439.78
44002
440,03
439.73
43389

EEX
Year Stream Type Motes tad
5 Fork Bear DISCHARGE_FREQ CAFDAYerN\Sthwoh2 emp
om 0004 0002 06 02 01 0.04 002 oo 0004 0002
Stage  Stage  Stage  Stage Q Q Q Q Q Q Q Q
4329 43392 4358 2790 4030 5830 100 @100 9550 10620 12670
43295 43395 43585 2790 4030 5530 7100 G100 9550 10620 12870
43106 43406 43598 2790 4030 5830 100 @100 9550 10620 12670
43342 43448 43651 2790 4030 5530 7100 G100 9550 10620 12870
43351 43452 43648 2790 4030 5530 7100 G100 9550 10620 12670
4341 4351 43703 2790 4030 5530 7100 8100 9550 10620 12670
43261 43338 43479 2790 4030 5530 7100 @100 9550 10620 12870
43224 43648 4041 270 4030 5630 7100 8100 9550 10620 12670
43618 43857 44283 2790 4030 5530 7100 GO0 9550 10620 12870
43699 43924 44317 2790 4030 5830 100 @100 9550 10620 12670
43735 43952 44337 2790 4030 5530 7100 G100 9550 10620 12870
43701 43925 44315 2790 4030 5830 100 @100 9550 106820 12670
437.25 43942 44327 2790 4030 5630 7100 8100 9550 10620 12870
43767 43975 44351 2790 4030 5530 7100 @100 9550 10620 12870
43812 44088 44428 2790 4030 5630 7100 8100 9550 10620 12670
43794 43957 44273 2790 4030 5530 7100 GO0 9550 10620 12870
43801 43963 44276 2790 4030 5830 100 @100 9550 10620 12670
44035 44214 44583 2790 4030 5530 7100 G100 9550 10620 12870
43945 44106 44548 2790 4030 5830 100 @100 9550 106820 12670
44098 44355 44935 270 4030 5630 7100 8100 9550 10620 12870
4424 44496 44991 2790 4030 8530 7100 G100 9550 10620 12670
44264 44517 44997 2790 4030 5630 7100 8100 9550 10620 12670
44264 44518 44998 2790 4030 5530 7100 @100 9550 10620 12870
44236 44493 44989 2790 4030 5830 100 @100 9550 10620 12670
44142 44398 4483 2790 4030 8530 7100 G100 9550 10620 12870
v
X

Figure E.10 All Three Header Records and Data Records for Importing Water
Surface Profile Sets
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Second Header Record and Fieldnames for Water

Surface Profiles

The following fieldname is entered in the second header record for a set of
water surface profiles. This header record is followed by the data record
that corresponds to this fieldname.

Field Name
WSP_Probability

Description

Keyword; must be in field one of the header
record. It indicates that the next record will
contain probabilities that are associated with
each profile (both stage and flow) as
appropriate. The probabilities must be above
the corresponding profile as defined in the
third header record.

Figure E.10 provides an example of the entry of a water surface profile set
in an ASCII tab delimited file that can be imported into FDA.

Third Header Record and Fieldnames for Water

Surface Profiles

The following fieldnames are entered in the third header record for a set of
water surface profiles. This header record is followed by the data record
that corresponds to this fieldnames.

Field Name
WSP_Station

Invert

Stage

Description

Keyword; must be in field one of the header
record. Stream station at each cross-section in
the water surface profile model.

Invert stage at each cross-section in the water
surface profile model.

Computed water surface stage at each cross-
section for a specified exceedance probability.
There are 8 columns, one for each profile.

Computed flow at each cross-section for a
specified exceedance probability. If you have
only stage profiles, you would not enter the
fields “Q”. If entered, there are 8 columns, one
for each profile.
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Figure E.10 (page E-15) provides an example of the entry of a water
surface profile set in an ASCII tab delimited file that can be imported into
FDA.

E.3  Procedure for Updating the Study Data

If your study already includes data, FDA provides an option for updating
when importing data. When the update data option (see Chapter 8,
Section 8.3.2, page 8-8) has been selected FDA will update data that is
already stored in the study. For example, if you wanted to update only the
first floor stage for selected structures, you could create an ASCII tab
delimited file where the first field of the header record would be
Struc_Name and the second field would be the fieldname 1F_Stage. The
following data records would contain the structure name and the updated
first floor stage values.

If the update data option has not been selected, and data exists in the
study, data could be replaced by the import

E.4 Importing Data from HEC-SID Data Files

FDA can import data from HEC-SID (Hydrologic Engineering Center’s
Structure Inventory for Damage Analysis program) input files. The
import capability has several requirements and features outlined below:

e All of the data must be in one file. These include the normal Job
Records such as DC (damage category), and DR (damage reach),
damage function records such as DF, DP, PC, DD (function name,
depth, percent damage, dollar damage), and structure inventory
records such as SL, SD, SO (first floor stage, value of structure,
contents, and other, etc.).

e Do not include damage category records for separating contents
damage from structure damage (CC records and associated DC
records for contents only).

e Optionally enter damage reach index location station in field DR.10
(columns 73-80 of the DR record).

e Optionally enter the structure stream station in field SO.9 (columns
65-72 of the SO record).

e FDA will calculate the range of stream stations (river miles) for
each reach if the station is entered in the SO.9 field for each
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structure. Upon completion, the beginning and ending stations are
stored with the reach specifications in the FDA study.

FDA determines all combinations of the depth-damage functions from the
structure inventory and generates occupancy types from these. The
occupancy type names are formed by concatenating the SID damage
function names. The same functions for one structure cannot be used for
another that is in a different damage category.
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Appendix F

Procedures for Computing Stage-
Damage Functions

F.1

General

Stage-aggregated damage functions are one of the three primary functions
used in HEC-FDA to construct a damage-probability function. The other
two functions are discharge-exceedance probability and stage-discharge.
Integration of the damage-probability function produces expected annual
damage. The computation of expected annual damage utilizes only the
stage-total aggregated damage function and not the individual components
such as structure damage.

The aggregated stage-damage functions must be derived at the index
location and must be computed (or directly entered) for each plan,
analysis year, stream, damage reach, and damage category. In other
words, for a given plan, analysis year, stream, damage reach, and damage
category, there is one stage-aggregated total damage function. Usually,
this function is computed but it may be entered directly if it has been
computed using other tools. The function represents total damage and is
the sum of the damage inflicted to three components:

e Structure
e Contents
e Other (such as outbuildings, landscaping, etc.)

Before computing stage-aggregated damage, you must define several
items including configuration items (plans, stream, damage reaches,
analysis years), water surface profiles, damage categories, structure
occupancy types, and structure attributes. It is also helpful to define the
discharge-exceedance probability and stage-discharge functions. The
water surface profiles facilitate aggregation of damage from a single
structure to the index location. The structure occupancy types describe
depth-damage functions and some global structure parameters. The
structure attributes define the parameters necessary for computing stage-
damage for each structure. The discharge-exceedance probability and
stage-discharge functions are used to determine the span of stages at the
index location for which aggregated damage is computed.
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Once all of the above parameters are defined, you may compute stage-
aggregated damage for one or more combinations of plan and analysis
year. The computed functions are then used in the computation of
expected annual damage. If you change any of the parameters such as a
structure's first floor elevation, you must re-compute stage-aggregated
damage and then expected annual damage for all plan/analysis year
combinations that are dependent upon that structure.

A general overview of what happens when you select a plan/analysis year
combination and then calculate stage-damage functions in FDA follows:

(1

2

3)

4)

)

For each damage reach, FDA calculates the range of stages at the
index location. The stages represent the range from very frequent
to very infrequent events based on the input functions and the
uncertainty about those functions. FDA then calculates the interval
between stage ordinates in "nice" units (1, 2, or 5 multiplied by 10
raised to some power). A maximum of sixty ordinates can be
selected.

For the selected plan/analysis year, FDA filters the structures using
the structure module assignments so that it will process only those
structures which are assigned to the selected module(s). It also
filters the structures based on the "Year in Service".

FDA processes each of the filtered structures. It transforms the
tabulation stages that were determined in Step 1 from the index
location to the structure. The transformation uses either the water
surface profiles or the SID reference flood.

FDA checks each structure to see if it has invalid data and to see if
the structure is "out of the floodplain". FDA will immediately
proceed to the next structure if either case exists.

FDA determines the damage category, structure occupancy type,
and damage reach, and then computes stage-damage at each of the
tabulation stages for a structure. Damage is computed for the
structure, contents, other, and total. The damage for each
tabulation stage is then aggregated to the index location. During
calculations, the stage-aggregated damage functions are stored in
memory. After all of the filtered structures are processed, the
stage-aggregated damage functions are stored in the FDA study
files.
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F.2 Introduction

This Appendix describes and illustrates the calculation procedures used by
FDA to compute stage-aggregated damage at the index location. The
calculations require you to already have entered supporting data. FDA
follows the general procedures described previously in the User's Manual
and illustrated in this Appendix. Calculations are performed by a
plan/analysis year combination, if you select more than one plan/analysis
year combination; FDA processes each one independently and loops
through all selected combinations.

For discussion purposes in this Appendix, an imaginary study is created on
Silver Creek. The study area is divided into five reaches as shown in
Table F.1. There is an overlap of reaches SC 2L and SC 2La. That is,
they represent the same stream (Silver Creek), station range (20.002
through 29.998), and bank (Left). Discussions later on will illustrate
situations where this can be used to your advantage. For now, the
discussion will center on computing stage-damage for several structures
(located on the right bank) within reach SC 2R. The index point is located
at station 25.000 (river mile 25.000). The stage-damage function for each
structure is aggregated to the index location.

Table F.1
List of Damage Reaches for Silver Creek
Index

Reach Beginning Ending Location
Name Station Sation Bank Station Description
SC1 20.000 20.001 | Left 20.000 | Bottom of study area. RM 20.000
SC2L 20.002 29.998 | Left 25.000 | Reach SC 2L, Sliver Crk. Left Bank
SC2La 20.002 29.998 | Left 25.000 | Reach SC 2La, Sliver Crk. Parrallels Reach

SC 2L. Protected by Levee.
SC 2R 20.000 30.000 | Right 25.000 | Reach SC 2R, Silver Crk. Right bank.
SC3 29.999 30.000 | Left 30.000 | Top of study area. RM 30.0

F.3  Setting Up the Calculation Procedures

Initially, FDA builds storage locations in memory for the stage-aggregated
damage functions. It determines the total number of damage reaches for
all streams and the number of damage categories. For each reach, it
determines the range of stages required to cover the entire range of events
from frequent to infrequent. It attempts to determine this range first by
retrieving the discharge-exceedance probability and stage-discharge
functions (or stage-probability function). If these are not available, it
retrieves the water surface profile information. If this is not available,
FDA cannot determine the required range of stages at the index location
and the calculation procedures will not proceed.
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To initialize and scale the stage-aggregated damage matrix, FDA must
retrieve the discharge-exceedance probability and stage-discharge
functions for reach SC 2R. Table F.2 lists Log Pearson Type III Statistics
for the hypothetical damage reach SC 2R. The number of years is the

Table F.2
Log Pearson Type 111 Statistics for Damage Reach SC 2R

Mean 3.000
Standard Deviation 0.200
Skew 0.400
Number of Years 50

equivalent length of record and is a measure of the uncertainty in the
statistics. FDA computes discharge-exceedance probability curve
ordinates as shown in Table F.3. Although these are generated from Log
Pearson Type III Statistics, they could have been generated from either

Table F.3
Probability Ordinates, Damage Reach SC 2R

Probability | Discharge 95% 5%
0.9990 312 240 378
0.9900 393 315 464
0.9500 496 413 571
0.9000 567 483 646
0.8000 675 587 758
0.7000 770 679 859
0.5000 970 869 1,080
0.3000 1,243 1,115 1,403
0.2000 1,456 1,297 1,670
0.1000 1,834 1,606 2,168
0.0400 2,377 2,028 2,927
0.0200 2,833 2,369 3,595
0.0100 3,335 2,734 4,355
0.0040 4,081 3,263 5,530
0.0020 4,711 3,698 6,555
0.0010 5,410 4,170 7,725
0.0001 8,306 6,046 12,868

synthetic statistics or from graphical coordinates. For scaling, FDA uses
the extreme ordinates of flow corresponding to probabilities 0.999 and
.0001 which represent return intervals of about one and 1,000 years. For
risk analysis, discharges corresponding to the 95% (240 cfs) and 5%
(12,868 cfs) confidence limit curves are used for computing the required
scaling for stage-damage computations. Figure F.1 depicts the discharge-
exceedance probability curve with confidence limits.
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Discharge-Probability For Reach 2R
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1,000 ~
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Figure F.1 Discharge-Exceedance Probability Curve
for Damage Reach SC 2R

Once the discharge-exceedance probability curve is retrieved and the
extreme discharge values are determined, the stage-discharge function is
retrieved and used to determine the corresponding stages. Figure F.2
graphs the stage-discharge rating curve for reach SC 2R. Table F.4 (page
F-6) lists the stage-discharge ordinates for reach SC 2R. They were

Stage-Discharge For Reach 2R
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Figure F.2 Stage-Discharge Function for Damage Reach SC 2R
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Table F.4
Stage-Discharge Function for Damage Reach SC 2R

Discharge Stage -2 SD +2 SD

0 200.00 200.00 200.00

970 220.00 218.75 221.25
1,456 225.50 22391 227.09
1,834 227.80 226.06 229.54
2,377 229.70 227.84 231.56
2,833 230.80 228.88 232.73
3,335 232.00 230.00 234.00
4,081 233.00 231.00 235.00
4,711 234.00 232.00 236.00
7,000 236.50 234.50 238.50
8,000 237.50 235.50 239.50

computed from water surface profiles. Since FDA will not extrapolate the
rating curve, additional points beyond the standard eight profiles were
calculated for very high discharges of 7,000 and 8,000 cfs. Stages are
interpolated from this table using the extreme discharges of the probability
function with the extreme stages from the rating curve. The discharges of
240 cfs and 12,868 cfs correspond to stages of 204.64 and 239.5. Note
that the maximum stage is truncated at the highest value on the rating
curve for two standard deviations. FDA then calculates a range of stages
that meet the following criteria:

e encompass the range of stages from 204.64 through 239.5 feet.

e have an interval that is either one, two, or five times ten0 raised to
some power. For example, 2.0x10™" creates an array of stages 0.2
feet apart.

e have at least twenty but not more than thirty ordinates (this is an
input option that you can change to allow a maximum of sixty
ordinates). For this example, both the minimum and maximum
number of ordinates was set to thirty.

For example, the stages in the stage-aggregated damage matrix for reach
SC 2R are computed as:

thirty ordinates

Minimum stage is 204.0 feet
Maximum stage is 262.0 feet
Interval between stages is 2.0 feet

FDA now allocates memory for the array of stages and additional space
for the corresponding aggregated damage and uncertainty (which will be
computed) for all damage categories and stores the stages in this block of
memory. All reaches are processed in the same manner as reach SC 2R.
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If the discharge-exceedance probability and/or stage-discharge functions
are not stored in the database, FDA determines the range of stages from
the water surface profile information. However, the default profiles
include only a range of probability starting at 0.50. The resulting stage
range could easily start too high. For example, if the functions were not
available for reach SC 2R, the use of profile information would result in
an array of thirty stages ranging from 219.0 to 248.0 feet at an interval of
1.0 feet. This may cause truncation of damage for infrequent events.

F.4 Computing Stage-Damage at Individual Structures
Without Uncertainty

Once memory is allocated for the stage-aggregated damage matrices and
the range of stages is determined for all reaches and all damage categories,
FDA begins processing all structures that meet the plan/ analysis year
filter. The plan year filter selects all structures which belong to the same
structure modules that have been assigned. By default, the Base module is
always included although it may be an empty module (no structures
assigned to this module). By default, each structure is assigned to the
Base module but it may be overridden. This section describes the
processes and calculations at several structures which meet the
plan/analysis year filter.

F.4.1 Calculating the Assumed Water Surface Profile
Elevations at the Structure

Stage-damage at one structure is computed by calculating the water
surface profile stages at the structure, determining the depth of flooding,
and calculating the damage using values (structure, content, other) and
depth-damage functions. The assumed stages at the structure correspond
to the stages in the stage-aggregated damage function at the index location
after adjusting for the slope of the water surface profile(s) between the
index location and the structure. If the calculations use the water surface
profiles (the eight standard profiles), the stages are adjusted using all eight
profiles. If the SID reference flood water surface profile is used, then only
one profile is used to adjust the stages.

Description of Sample Data - Profiles and Structures

Table F.5 lists the water surface profile stages at three cross-sections
(station 20.0, 25.0, and 30.0). Stages are tabulated under their associated
probability. For example, at station 25.000 (river mile 25.000), the stage
for the 0.01 probability event (100 year return interval) is 232.0 feet.

F-7



Appendix F — Procedures for Computing Stage-Damage Functions

HEC-FDA User's Manual

Table F.5
Stage Water Surface Stage Profiles, Without Condition

Station | Invert | 0.500 | 0.200 | 0.100 | 0.040 | 0.020 | 0.010 | 0.004 | 0.002
20.000 | 150.0 | 158.0 | 161.2 | 163.1 | 164.7 | 1659 | 166.7 | 167.1 | 167.3
25.000 | 200.0 | 220.0 | 225.5 | 227.8 | 229.7 | 230.8 | 232.0 | 233.0 | 234.0
30.000 | 209.0 | 236.0 | 246.0 | 252.0 | 257.6 | 261.6 | 264.6 | 266.6 | 267.6

Figure F.3 graphically displays these same values. At the lower end of the
study area (station 20.000), the profiles are relatively close compared to
the upper end. The index location for reach SC 2R is at station 25.000.
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Figure F.3 Water Surface Profiles, Without Condition

To illustrate the aggregation process, three identical structures are used to
calculate damage - one at the index location (station 25.000), and one at
each of the extreme limits of the study (station 20.000 and 30.000). Table
F.6 (page F-9) lists the appropriate characteristics for each structure. The
first floor stage of each structure is located at the same stage as the 10%
chance event. This will help illustrate several points about the calculations
including using the eight water surface profiles as opposed to just the SID
reference flood profile, having nonparallel profiles, and the location of
each structure as defined by the structure station. Each structure is valued
at $100,000. The contents are valued at $50,000 and it is calculated using
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Table F.6
Structure Characteristics for Aggregation
Characteristic Structure
Name R0001 R002 R003
Station 20.000 25.000 30.00
Structure Value 100 100 100
Content Value
Other Value
Bank R R R
Damage Category | SF Residential | SF Residential | SF Residential
Occupancy Type SF OS NB SF OS NB SF OS NB
Stream Silver Creek Silver Creek Silver Creek
Module Base Base Base
First Floor Stage 163.1 227.8 252.0

the global "ratio of content-to-structure value" which is defined within
occupancy type SF OS NB which also contains the depth-percent damage
functions. All three structures are located on the right bank.

Calculating Sample Aggregation Stages

To determine the assumed (or aggregated) water surface stages at each
structure, the water surface profiles are used to generate a family of
profiles which correspond to the aggregation (tabulation) stages at the
index location. For structure R002 which is located at the index location,
the assumed water surface stages correspond exactly to the aggregation
stages. For structures RO01 and R003, the assumed stages at the structure
must be calculated. For aggregation stages above the rarest event (.002) or
below the most frequent event (.500), aggregation profiles are parallel to
the adjacent probability profile (.002 and .500 probability events
respectively). Aggregation profiles between these two extremes are
calculated using simple ratios of the computed water surface profiles.
Table F.7 (page F-10) lists the aggregation profile stages at river mile
20.000, 25.000, and 30.000 which correspond to the three hypothetical
structures. The lowest profile (.500 probability) is at stage 220.0 at the
index location. All aggregation profiles below this minimum are parallel.
For example, the .500 probability profile drops 62.0 feet from 220.0 at the
index location to 158.0 feet at station 20.0. The same is true of the lowest
aggregation profile which drops from 204.0 feet at the index location to
142.0 feet at station 20.00. Aggregation profiles above the maximum
water surface profile are parallel to the 0.002 probability profile which
reaches 234.0 feet at the index location. Aggregation profiles between
220.0 and 234.0 feet are computed using ratios. For example, the
aggregation profile which has a stage of 230.0 feet at the index location
has stages of 165.03 and 258.69 at river mile 20.000 and 30.000
respectively. Figures F.4 (page F-11) and F.5 (page F-12) depict selected
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water surface profiles and aggregation _ Table F.7
profiles for river miles 20.000 through Aggregation Profiles at Selected
30.000 and 25.000 through 30.000 Locations
respectively. Note that the aggregation River Mile (station)
profile for a stage of 210.0 at the index 20 o5 30
location actually crosses below the 1| 142.00 | 204.00 | 220.00
invert at river mile 20.000 because the 2| 14400 | 206.00 | 222.00
water surface slope is much greater than 3 | 146.00 | 208.00 | 224.00
the invert. 4 | 148.00 210.00 | 226.00
5| 150.00 212.00 | 228.00
6 | 152.00 214.00 | 230.00
_ _ 7 | 154.00 | 216.00 | 232.00
Aggregation Methodologies 8 [ 156.00 | 218.00 [ 234.00
9 | 158.00 220.00 | 236.00
There are two methods for aggregating }(1) }2(9);? ;gi'gg gfég‘;
stage-damage to the index location. The DT 16161 1 22600 | 24730
difference between the two is the source 13 | 16327 | 22800 | 252.59
of water surface profiles. The sources 14 | 165.03 | 230.00 | 258.69
are: 15 | 166.70 232.00 | 264.60
16 | 167.30 | 234.00 | 267.60
: 16 | 169.30 | 236.00 | 269.60
e The set of eight water surface R T 17130 T 23800 | 271 €0
profiles. 19 | 17330 | 240.00 | 273.60
e The SID reference flood water 20 | 17530 | 242.00 | 275.60
surface profile. 21| 17730 | 244.00 | 277.60
22 | 17930 | 246.00 | 279.60
The use of the eight water surface 23 | 181.30 | 248.00 | 281.60
profiles facilitates accurate calculations 24 | 183.30 | 250.00 | 283.60
when water surface profiles are not 25 | 185.30 | 252.00 | 285.60
26 | 187.30 | 254.00 | 287.60
parallel. The use of the SID reference 571718930 | 256.00 | 289.60
flood profile facilitates calculations 28 | 19130 | 258.00 | 291.60
using the old HEC-SID methodologies 29 | 193.30 | 260.00 | 293.60
or calculations which require special 30 | 19530 | 262.00 | 295.60

circumstances. These circumstances
might include:

e No profiles are available and water surface profiles are assumed to
be flat.

e The profiles in the over-bank area are significantly different than
those in the channel and a separate "stream" is not used.

Results using the single SID reference flood profile are identical to using
eight parallel water surface profiles.

Data Requirements for Aggregation

The following data are required for aggregation using the eight water
surface profiles:
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canDo8profiles = false
canDoSIDprofile = false

If Ref. Flood Stage at
structure and at index location is Yes——  » canDoSIDprofile = true
valid and reach is valid

i

canDoSIDprofile = false

A

Station at structure is valid
and Reach is valid and stations
at index location is valid

Yes——» canDo8profiles = true

No

v

canDo8profiles = false

v

Figure F.4 Logic for Testing Data Validity of Aggregation Methodologies
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e The structure must be assigned a valid stream, station, and bank.

e A set of water surface profiles must be entered for the desired plan,
analysis year, and stream. The cross-section stationing must
include the structure station.

e A damage reach must be defined which embodies location criteria
of stream, bank, and beginning/ending stations that encapsulate
those specified for the structure.

use8profiles = true
useSIDprofile = false

use8profiles Yes canDo8profiles Yes—»| Aggregate using 8 profiles
No
canDoSIDprofile Yes—»| Aggregate using S.ID »
reference flood profiles
No
No
v
Can not aggregate
Y
useSIDprofile Yes: canDoSIDprofile Yes— Aggregate using S.ID >
reference flood profiles
No
canDo8profiles Yes—»| Aggregate using 8 profiles >
No
No
v
Can not aggregate
\ 4 A
Can not aggregate Can not aggregate

Figure F.5 Logic for Determining Aggregation Methodology

F-12



HEC-FDA User's Manual Appendix F — Procedures for Computing Stage-Damage Functions

The following data are required for aggregation using the SID reference
flood water surface profile:

e SID reference flood water surface stage at the structure.
e SID reference flood water surface stage at the index location.

SID reference flood water surface profile data is normally defined through
import procedures and include importing either:

e An old SID input data file.
e Tab-delimited text file.

The SID reference flood stage may be entered in the GUI for the structure
but not for the index location - it must be defined either through import or
using commercial database software such as Visual dBASE.

Selecting the Aggregation Methodology

You select the desired methodology you wish to use for aggregation. To
use the SID reference flood for aggregation purposes, the analysis must
check the box Use SID Ref Flood for each plan/analysis year
combination. Ifthe box is not checked, then the eight water surface
profiles are used. However, if the structure does not satisty the data
requirements for the desired methodology, FDA attempts to use the
alternate methodology if data is available. This allows a mixture of
methodologies within a selected plan/analysis year. Figure F.4 (page
F-11) depicts the logic that FDA uses for determining the possible
aggregation methodologies for the selected structure. When aggregating
damage at a structure, FDA determines the possible methodologies using
the logic of Figure F.4 (page F-11) and then uses the logic of Figure F.5
(page F-12) for calculation purposes.

F.4.2 Computing Damage for One Aggregation Stage
Without Uncertainty

Overview

Damage is calculated at the structure for each of the stages listed in Table
F.7 (page F-10). In this example, the three structures are located at
stations 20.000, 25.000, and 30.000 and the corresponding stages are
tabulated. If a structure is located between any of these stations, FDA will
make the appropriate interpolations. The FDA computation algorithm
assumes the highest stage first (262.00 at the index location) and descends
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to the lowest (204.00 at the index location). If calculated damage is zero
for three consecutive stages, FDA assumes the zero-damage point has
been reached and terminates calculations for the current structure. The
calculation procedures accept as input the basic structure information as
well as the associated data such as damage category and structure
occupancy type. The following data is used as input to the calculations:

Structure Information

Stream

Station

Bank

Optional SID data (SID reach name, reference flood stage)
First Floor Stage (or ground stage and foundation height)
Beginning damage depth (optional)

Damage Category Name

Structure Occupancy Type Name

Depth-Direct Dollar Damage Functions for this structure
(optional)

Module

Number of Structures

Values (structure, content, other)

Year in Service

Related Information from the following:

Damage Category
e Price Index (optional)

Structure Occupancy Type
e Depth-Damage Functions (structure and/or content and/or
other) with optional uncertainty parameters.
e Content to Structure Value Ratio (percent)
Other to Structure Value Ratio (percent)
e Uncertainty Parameters
e First Floor Stage
e Structure Value
e Content to Structure Value Ratio
e Other to Structure Value Ratio

Streams
e Stream Name

Damage Reaches
e Stream
Bank (left, right, or both)
Stations - Beginning and Ending
Reach Name (Used with SID reach names)
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Other data/information may be entered for the structure, but it is not

currently used in the computations. Some of the above data overlaps. For
example, you may define the first floor stage directly, or you may define it

using the ground stage and the foundation height.

The example data set includes the occupancy type Single Family

Residential, without basement. Table F.8 lists the depth-percent damage

functions for the Single Family, Residential, without basement (SF OS

NB) structure occupancy type. The functions are specified for structure

Table F.8

Single Family, Residential, Without Basement
Structure Occupancy Type Damage Function

Structure Contents
Depth (percent (percent
(feet) damage) damage)
-1 0 0
0 5 2
1 7 5
2 10 15
5 25 50
10 50 80
15 70 90
20 80 95

and content but there is no damage to other. Figure F.6 depicts these same

functions.

Single Family Residential

100 ‘

——o—— Structure (percent damage)

90 - — —=— —Contents (percent damage) |

80 A

60 -
50 A
40 +
30 +
20 +
10

Damage (percent)

Depth (feet)

Figure F.6 Single Family, Residential, Without Basement Structure

Occupancy Type Data Function
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Figure E.7 depicts the FDA stage-damage calculation procedure. The
aggregation profiles (shown in Figure F.8 (page F-17), Figure F.9 (page
F-17) and Table F.7 (page F-10) are used to compute the "Assumed Water
Surface Elevation at the Structure" (or Aggregation Stage) which is used
to compute the depth of flooding. Figure F.7 depicts the process for one
ordinate at one structure without using risk analysis procedures.

Get Structure
Information (first
floor stage, value,

etc.)
l Compute Percent Damage to
h Structure Depth-
Get Water Surface Structure from depth of floqd|ng Damage Function
Profiles for and depth-damage function

Structure’s Stream

A

Compute Percent Damage to
Contents from depth of flooding
and depth-damage function

Contents Depth-
Damage Function
Select Assumed Water Surface
Elevation at the Index Location
(aggregation stage)

A

A Compute Percent Damage to
Other from depth of flooding and
depth-damage function

Other Depth-
Compute the Assumed Water Damage Function
Surface Elevations at the
Structure (aggregation stage)

using the Aggregation Profiles

A
A Compute Structure Damage
. (Structure Value times Percent
KAdJust Structure Value for Structure Value Damage)
price index
\ A
Adjust Content Value for price Content Value Compute Contents Damage
index (Contents Value times Percent
Damage)
A
) } A
KAdJust Othe_r Value for price Other Value
index
Compute Other Damage (Other
Value times Percent Damage)
A
Compute Depth of Flooding .
(assumed WSP stage minus first First Floor Stage A
for Structure
floor stage)

Accumulate the Damage for
Structure, Contents, and Other

Figure F.7 Calculating Stage-Damage Without Uncertainty, One Ordinate
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Figure F.8 Selected Aggregation and Water Surface Profiles RM 20.00 — 30.00
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Procedure for Calculating Stage-Damage Without

Uncertainty

The following section describes the stage-damage calculations depicted in
Figure F.7 (page F-16) in more detail. Table F.9 lists and Figure F.10
(page F-19) graphs results for structure R0O03. FDA writes this table to the
file FDA_SDmg.out if the trace option is set to ten or greater. In this
example, the "mean depth" and the "nominal depth" are the same because
there is no uncertainty in the economic functions. Some of the following
narrative describes results for the highest aggregation stage. Table F.9 lists
results for all stages.

Stage-Damage Without Uncertainty for Structure R003

Table F.9

Structure: R0003

Stream: Sliver Creek

Reach: SC 2R

Category: SF Residential

Address:

City:
State:
WS Elev | WS Elev
@ @ Nominal Mean Structure | Content Other Total
Index Index Structure Depth Depth Damage | Damage | Damage Damage
1 204.00 220.00 -32.00 -32.00 $0.00 $0.00 $0.00 $0.00
2 206.00 222.00 -30.00 -30.00 $0.00 $0.00 $0.00 $0.00
3 208.00 224.00 -28.00 -28.00 $0.00 $0.00 $0.00 $0.00
4 210.00 226.00 -26.00 -26.00 $0.00 $0.00 $0.00 $0.00
5 212.00 228.00 -24.00 -24.00 $0.00 $0.00 $0.00 $0.00
6 214.00 230.00 -22.00 -22.00 $0.00 $0.00 $0.00 $0.00
7 216.00 232.00 -20.00 -20.00 $0.00 $0.00 $0.00 $0.00
8 218.00 234.00 -18.00 -18.00 $0.00 $0.00 $0.00 $0.00
9 220.00 236.00 -16.00 -16.00 $0.00 $0.00 $0.00 $0.00
10 222.00 239.64 -12.36 -12.36 $0.00 $0.00 $0.00 $0.00
11 224.00 243.27 -8.73 -8.73 $0.00 $0.00 $0.00 $0.00
12 226.00 247.30 -4.70 -4.70 $0.00 $0.00 $0.00 $0.00
13 228.00 252.59 0.59 0.59 $6.18 $1.88 $0.00 $8.06
14 230.00 258.69 6.69 6.69 $33.45 $30.07 $0.00 $63.53
15 232.00 264.60 12.60 12.60 $60.40 $42.60 $0.00 $103.00
16 234.00 267.60 15.60 15.60 $71.20 $45.30 $0.00 $116.50
17 236.00 269.60 17.60 17.60 $75.20 $46.30 $0.00 $121.50
18 238.00 271.60 19.60 19.60 $79.20 $47.30 $0.00 $126.50
19 240.00 273.60 21.60 21.60 $80.00 $47.50 $0.00 $127.50
20 242.00 275.60 23.60 23.60 $80.00 $47.50 $0.00 $127.50
21 244.00 277.60 25.60 25.60 $80.00 $47.50 $0.00 $127.50
22 246.00 279.60 27.60 27.60 $80.00 $47.50 $0.00 $127.50
23 248.00 281.60 29.60 29.60 $80.00 $47.50 $0.00 $127.50
24 250.00 283.60 31.60 31.60 $80.00 $47.50 $0.00 $127.50
25 252.00 285.60 33.60 33.60 $80.00 $47.50 $0.00 $127.50
26 254.00 287.60 35.60 35.60 $80.00 $47.50 $0.00 $127.50
27 256.00 289.60 37.60 37.60 $80.00 $47.50 $0.00 $127.50
28 258.00 291.60 39.60 39.60 $80.00 $47.50 $0.00 $127.50
29 260.00 293.60 41.60 41.60 $80.00 $47.50 $0.00 $127.50
30 262.00 295.60 43.60 43.60 $80.00 $47.50 $0.00 $127.50
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Structure R0O03 Without Uncertainty
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Figure F.10 Stage-Damage Without Uncertainty for Structure R003

(1) Get Structure Information
Retrieve structure data from the database. Includes first floor
stage, value of structure, contents, and other, etc. Table F.6
(page F-9) lists some of the sample structure information.

(2) Get water surface profiles for the structure's stream
Each structure is assigned a stream. The profiles for the
current structure are retrieved from the database. For the
example, all structures are on "Silver Creek". If profiles do
not exist for Silver Creek, the SID reference flood profile
may be used. The example structures all use the water
surface profiles as listed in Table F.5 (page F-8).

(3) Select Assumed Water Surface Elevation at the Index Location
(Aggregation Stage)
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The assumed (or aggregation) stages are listed in Table F.7
(page F-10). The index location is at river mile 25.000. The
aggregation stages range from 204.0 to 262.0 feet.

(4) Compute the Assumed Water Surface Stage at the Structure
using the aggregation profiles

The assumed (or aggregation stages) are calculated at the
structure using the profiles listed in Table F.5 (page F-8).
Table F.7 (page F-10) lists the tabulation stages at the index
as well as at river mile 20.000 and 30.000 which correspond
to structures R0O01, and R003. For example, an aggregation
stage of 236.0 at the index translates into a stage of 269.6 at
structure R0O03. Stages may be interpolated for any river mile
between 20.000 and 30.000.

(5) Adjust structure value for price index

The price index is entered as a global value under "File/Study
Information". The price index may also be entered by
damage category and it will over-ride the global value. If left
blank (undefined) the global study price index is used. The
price index is simply multiplied by the structure value which
is stored in the database to obtain an updated value for
calculation purposes. The value in the database is not
changed. For this example, the price index is 1.0 and the
value for structure R003 is $100k * 1.0 or $100k.

(6) Adjust contents value for price index

Contents value is adjusted in a similar manner to the structure
value. The content value must first be determined. For
indirect depth-damage functions (using percent damage), it
can be computed using the ratio of content-to-structure value
entered with the occupancy types. This calculation can be
over-ridden by entering a dollar value at individual
structures. At the structure level, if the contents value is left
blank (undefined), the occupancy code ratio is used. For
structures having a direct depth-damage function (damage is
in thousands of dollars), the content value is not used for
calculations since damage is computed directly from the
depth-damage function.

(7) Adjust “other” value for price index

Other value is computed in the same fashion as the contents.

(8) Compute depth of flooding (assumed WSP stage minus first
floor stage)

The assumed (aggregation) stages computed above are used
to determine the depth of flooding. For the example structure
R0OO03, the aggregation stage of 236.0 at the index location
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€))

(10)

(In

(12)

(13)

(14)

(15)

translates into a stage of 269.6 at the structure which
translates into a depth of 17.6 feet (first floor stage is 252.0
feet).

Compute percent damage to structure from depth of flooding

and depth-damage function
The percent structure damage is computed using the depth of
flooding (17.6 feet) from step 8 and the depth-percent
damage function from occupancy type “SF OS NB”. The
resulting percent structure damage for a depth of 17.6 feet is
75.2%. FDA does not extrapolate depth-damage functions
for depths beyond the defined depth range. For example, the
maximum structural damage is 80% of the structure value.

Compute percent damage to contents from depth of flooding
and depth-damage function
The percent contents damage is computed in a manner
similar to that for structure damage.

Compute percent damage to other from depth of flooding and
depth-damage function
The percent other damage is computed in a manner similar to
that for structure damage.

Compute structure damage (structure value times percent
damage)
The structure damage is computed using the depth of
flooding (17.6 feet) from step 8 and the structure value
($100k) from step 5 and the percent damage (75.2%) for the
depth of flooding from occupancy type “SF OS NB” from
step 9. The resulting damage is: $100k * 0.752 = §75.2k

Compute contents damage (contents value times percent
damage)
The contents damage is computed in a manner similar to that
for structure damage.

Compute other damage (other value times percent damage)
The other damage is computed in a manner similar to that for
structure damage.

Accumulate the damage for structure, contents and other.
The structure, contents, and other damage is accumulated for
the selected stream-reach, and category. When all
calculations are complete, the results are stored in the
database for the calculation plan and year and are stored
separately for each stream-reach, damage category, and type
(structure, contents, other, and total).
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F.5

Computing Stage-Damage at One Structure with
Uncertainty

F.5.1 Overview

This section describes the calculation of stage-damage for structures
whose economic parameters have uncertainty. The calculations are
similar to those when there is no uncertainty except that one or more
parameters or functions are sampled. When there is no uncertainty,
calculations are done only once for each assumed (aggregation) stage.
When uncertainty is included, the calculations must be performed
repetitively for each assumed water surface stage (and associated depth of
flooding). Figure F.11 (page F-23) depicts the calculation procedures for
one structure with uncertainty. Although similar to Figure F.7 (page
F-16), Figure F.11 (page F-23) not only reflects risk analysis computations
but also depicts the calculation loop for all aggregation ordinates as well
as multiple iterations when a single structure record represents multiple,
identical structures.

F.5.2 Risk Analysis Calculations

F.5.3

The repetitive risk analysis calculations are done within the simulation
loop. FDA makes 100 simulations at each stage but you can change this
using the Compute Stage-Damage options. You may specify uncertainty
parameters for the first floor stage, structure value, content value, other
value, and damage in the depth-damage functions. Each of the
uncertainties is defined by one or more parameters and an associated
distribution. Allowable distributions include normal, log-normal, and
triangular. For example, to describe the uncertainty in the first floor stage,
you may define a normal distribution with a standard deviation of 0.3 feet.
For each simulation, FDA samples this first floor distribution to derive a
simulated first floor stage with error. Similar procedures are used for
values (structure, content, other) and the damage in the depth-damage
functions.

Identical Structures

The calculation loop for identical structures allows you to enter data for
one structure but specify that it represents several structures which have
identical characteristics (first floor stage, value, occupancy type, etc.).
You enter an integer which is greater than one for Number of Structures.
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Figure F.11 Calculating Stage-Damage Without Uncertainty for One Structure

FDA takes one structure record and iterates the calculation loop "Number
of Structures" times. Each iteration is treated as a new structure with full
Monte-Carlo simulation but uses the same structure information such as
first floor stage, structure value, occupancy type, etc.
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F.5.4 Detailed Description of Stage-Damage Calculation

with Uncertainty

The following section describes in detail the stage-damage calculations
depicted in Figure F.11 (page F-23). It is similar to the previous section
on calculations without uncertainty. Table F.10 lists the uncertainty
parameters for this example. Table F.11 (page F-25) lists results for
structure R0O03.

Table F.10
Uncertainty Parameters for Example Problem

Parameter Distribution | Std. Dev.
First Floor Stage Normal 0.3 feet
Structure Value Normal 10%
Contents Value Ratio Normal 20%
Damage in Depth-Damage Function Normal 5%

FDA writes this table to the file FDA_SDmg.out if the trace option is set to
ten or greater. In this example, the "mean depth" and the nominal depth
are not the same because there is uncertainty in the first floor stage. The
nominal depth is the depth when no uncertainty is used whereas the mean
depth is the calculated
mean depth after Monte-
Carlo simulations. Some $140 | |
of the narrative below —o— Struoture Daage

describes results for the s120 {7 Conen Seege <
highest aggregation stage. > Total amage /
Figure F.12 depicts the si00
computed stage-damage
with uncertainty function
for structure R0O03.
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Stage-Damage Without Uncertainty for Structure R003

Table F.11

Structure: R0003
Stream: Sliver Creek
Reach: SC 2R
Category: SF Residential
Address:
City:
State:
WS Elev | WS Elev
@ @ Nominal Mean Structure | Content Other Total
Index Index Structure Depth Depth Damage | Damage | Damage Damage
1 204.00 220.00 -32.00 -32.00 $0.00 $0.00 $0.00 $0.00
2 206.00 222.00 -30.00 -30.00 $0.00 $0.00 $0.00 $0.00
3 208.00 224.00 -28.00 -28.00 $0.00 $0.00 $0.00 $0.00
4 210.00 226.00 -26.00 -26.00 $0.00 $0.00 $0.00 $0.00
5 212.00 228.00 -24.00 -24.00 $0.00 $0.00 $0.00 $0.00
6 216.00 230.00 -22.00 -22.00 $0.00 $0.00 $0.00 $0.00
7 215.00 232.00 -20.00 -20.00 $0.00 $0.00 $0.00 $0.00
8 218.00 234.00 -18.00 -18.00 $0.00 $0.00 $0.00 $0.00
9 220.00 236.00 -16.00 -16.00 $0.00 $0.00 $0.00 $0.00
10 222.00 239.64 -12.36 -12.36 $0.00 $0.00 $0.00 $0.00
11 224.00 243.27 -8.73 -8.73 $0.00 $0.00 $0.00 $0.00
12 226.00 247.30 -4.70 -4.70 $0.00 $0.00 $0.00 $0.00
13 228.00 252.59 0.59 0.59 $6.18 $1.88 $0.00 $8.06
14 230.00 258.69 6.69 6.69 $33.45 $30.07 $0.00 $63.53
15 232.00 264.60 12.60 12.60 $60.40 $42.60 $0.00 $103.00
16 234.00 267.60 15.60 15.60 $71.20 $45.30 $0.00 $116.50
17 236.00 269.60 17.60 17.60 $75.20 $46.30 $0.00 $121.50
18 238.00 271.60 19.60 19.60 $79.20 $47.30 $0.00 $126.50
19 240.00 273.60 21.60 21.60 $80.00 $47.50 $0.00 $127.50
20 242.00 275.60 23.60 23.60 $80.00 $47.50 $0.00 $127.50
21 244.00 277.60 25.60 25.60 $80.00 $47.50 $0.00 $127.50
22 246.00 279.60 27.60 27.60 $80.00 $47.50 $0.00 $127.50
23 248.00 281.60 29.60 29.60 $80.00 $47.50 $0.00 $127.50
24 250.00 283.60 31.60 31.60 $80.00 $47.50 $0.00 $127.50
25 252.00 285.60 33.60 33.60 $80.00 $47.50 $0.00 $127.50
26 254.00 287.60 35.60 35.60 $80.00 $47.50 $0.00 $127.50
27 256.00 289.60 37.60 37.60 $80.00 $47.50 $0.00 $127.50
28 258.00 291.60 39.60 39.60 $80.00 $47.50 $0.00 $127.50
29 260.00 293.60 41.60 41.60 $80.00 $47.50 $0.00 $127.50
30 262.00 295.60 43.60 43.60 $80.00 $47.50 $0.00 $127.50

(2) Get water surface profiles for the structure’s stream.
Each structure is assigned a stream. The water surface profiles
for the current structure are retrieved from the database. For the
example, all structures are on Silver Creek. If water surface
profiles do not exist for Silver Creek, the SID reference flood
profile may be used. The example structures all use the water
surface profiles as listed in Table F.5 (page F-8).

(3) Compute depth and stage of zero damage.
FDA looks at the depth-damage functions (structure, content,
and other) and the optional Beginning Damage Depth to
determine the highest depth of zero damage. For the example
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structure occupancy type, this is at a depth of -1 feet. Normally,
the Beginning Damage Depth is left blank (undefined). It may
be defined by individual structure if the damage functions are
truncated at some depth. For example, this typically occurs for
houses with basements where the damage function may start at
a depth of -8 feet but water may not enter the basement until it
reaches a depth of -1 foot. If some barrier prevented water from
reaching structure R003 before a depth of 1 foot above the first
floor, then you would define the Beginning Damage Depth as
+1.0 foot and FDA would set the damage to zero for all
aggregation depths of 1 foot or less during the Monte-Carlo
simulations. The corresponding stage of zero damage is
computed during the simulations as the sum of the first floor
stage with error and the Beginning Damage Depth.

(4) Select assumed water surface elevation at the index location
(aggregation stage).

The assumed (or aggregation) stages are listed in Table F.7
(page F-10). The index location is at river mile 25.000. The
aggregation stages range from 204.0 to 262.0 feet.

(5) Compute the assumed water surface stage at the structure using the
aggregation profiles.

The assumed (or aggregation stages) are calculated at the
structure using the profiles listed in Table F.5 (page F-8). Table
F.7 (page F-10) lists the tabulation stages at the index as well as
at river mile 20.000 and 30.000 which correspond to structures
ROO1, and R003. For example, an aggregation stage of 236.0 at
the index translates into a stage of 269.6 at structure R003.
Stages may be interpolated for any river mile between 20.000
and 30.000.

(6) For each identical structure, process the following steps:

Normally, the subsequent steps are processed once. If the
Number of Structures is set to a value greater than one (1), the
current structure is processed Number of Structures times to
facilitate a crude sampling of structures. For example, if
processed ten times, it is equivalent to entering ten identical
structures.

(7) For each aggregation stage.

The following steps are repeated for each assumed
(aggregation) stage. The stages are listed in Table F.7 (page
F-10).

F-26



HEC-FDA User's Manual Appendix F — Procedures for Computing Stage-Damage Functions

(8) For each simulation (iteration).
The following steps are repeated for each Monte-Carlo
simulation. FDA currently does 100 simulations, this can be
adjusted.

(9) Sample first floor stage.
The first floor stage with uncertainty is computed from the first
floor stage, the uncertainty distribution and the uncertainty
parameters. The uncertainty data is defined with the occupancy
types (indirect depth-percent damage functions) or the structure
(direct depth-dollar damage functions). The uncertainty
parameters are in the same units as the first floor stage. For
structure R003 (first floor stage of 252.0), the uncertainty in the
first floor stage is modeled using the normal distribution with a
standard deviation of 0.3 feet. If a sampled error in the first
floor stage was one standard deviation from the median, the
sampled first floor stage would be 252.3 feet.

(10) Sample structure value.
The structure value with uncertainty is computed from the
structure value, the uncertainty distribution, and the uncertainty
parameters. The uncertainty data is defined with the occupancy
types. If using direct depth-dollar damage functions, the
structure value is not sampled because it is built into the
uncertainty of the damage function. The uncertainty parameters
are entered in the percent of structure value. Table F.10 (page
F-24) lists the uncertainty parameters for the example data. For
structure RO03 (value $100,000; occupancy code structure value
error of 10%) a simulation error of one standard deviation
would result in a sample structure value of $110,000 ($100,000
+ $10,000 * 1std.dev.). The use of uncertainty in percent allows
structures of different values to use the same occupancy type
and still maintain reasonable errors about the median value. For
example, a $200,000 house using the same example occupancy
type would have a computed standard deviation of error of
$20,000.

(11) Sample contents value.
Contents value is sampled in a similar manner to the structure
value. The content value must first be determined. For indirect
depth-damage functions (using percent damage), it can be
computed using the ratio of content-to-structure value entered
with the occupancy types. This calculation can be over-ridden
by entering a dollar value at individual structures. At the
structure level, if the contents value is left blank (undefined),
the occupancy code ratio is used to compute contents value
from the structure value. If using direct depth-dollar damage
functions, the contents value is not sampled because it is built
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into the uncertainty of the damage function. The uncertainty
parameters are entered in the percent of contents-to-structure
value ratio. The occupancy code for this example has a ratio of
50% for contents-to-structure value ratio. For structure R003
(contents value = $100,000 times 50% = $50,000; occupancy
code has a contents-to-structure value ratio error of 20%) a
simulation error of one standard deviation would result in a
sample contents value of $60,000 (error = $50,000 * (.5 +.5 * .2
* 1 std.dev.)). The use of uncertainty in percent allows
structures of different content value to use the same occupancy
type and still maintain reasonable errors about the median value.
For example, a $200,000 house using the same example
occupancy type would have a computed standard deviation of
error of $20,000.

(12) Sample other value.

Other value is sampled in the same fashion as the contents.

(13) Adjust values for price index

The price index is entered as a global value and the price index
may also be entered by damage category and it will override the
global value. If left blank (undefined) the global study price
index is used. The price index is simply multiplied by the
structure, contents, and other values to obtain updated values for
calculation purposes. The values in the database are not
changed. For this example, the price index is 1.0 and the value
for structure R003 is $100k * 1.0 or $100k (no error in structure
value). During Monte-Carlo simulation, the price index is
multiplied by the values with sampling error.

(14) Compute depth of flooding (aggregation stage minus sample first
floor stage).

The assumed (aggregation) stages computed above and the
sampled first floor stage are used to determine the depth of
flooding. For the example structure R003, the aggregation stage
0f 236.0 at the index location translates into a stage of 269.6 at
the structure. If the sampled first floor stage is 252.3, the depth
of flooding is 17.3 feet (first floor stage without error is 252.0
feet and with a one standard deviation of error is 252.3 feet).

(15) Sample structure damage.

The sampled structure damage is computed from the sampled
depth of flooding, and the sampled depth-damage function. The
sampled percent structure damage is computed using the depth
of flooding (17.3 feet) from Step 14 and the depth-percent
damage function with uncertainty from structure occupancy
type SF OS NB. The resulting percent structure damage for a
sampled depth of 17.3 feet is 74.6 percent (un-sampled damage
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(16)

(17)

(18)

(19)

(20)

function) or 78.3 percent (sampled one standard deviation away
from the median damage). FDA does not extrapolate depth-
damage functions for depths beyond the defined depth range.
For this example of structure R003 using the sampled first floor
stage (252.3), the sampled structure value ($110,000), and the
sampled depth-percent damage function (78.3 percent damage),
the structure damage is computed as:

$110,000 * 78.3% = $86,130.

This can be compared to the same calculation of structure
damage without uncertainty which was $75,200. Obviously, it
is very rare that the sampled parameters would always be +1
standard deviation away from the median.

The procedure for sampling structures using direct depth-dollar
damage functions is the same as for with indirect depth-damage
functions with the exception that damage is computed directly
from sampled depth and sampled direct depth-damage
functions.

Sample contents damage.
The sampled contents damage is computed in a manner similar
to that for structure damage.

Sample other damage.
The sampled other damage is computed in a manner similar to
that for structure damage.

Compute statistics for this aggregation stage and simulation.
The statistics for the current aggregation stage for all
simulations are computed and stored in memory before the
aggregation stage is decreased for the next simulations.

Accumulate the damage for structure, contents and other
The structure, contents, and other damage is accumulated in
memory for the selected stream, damage reach, and damage
category.

Write detailed information to ASCII text files.
When all simulations are completed for the current structure,
FDA accumulates the current results in memory and writes
various levels of calculation results to text files FDA_SDmg.out
(stage-depth-damage by structure and by damage reach/damage
category), FDA_StrucDetail.out (individual structure results in a
tab-delimited text file suitable for import), FDA_SDev.out
(individual structure Monte-Carlo simulation results), and
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FDA_SdErrors.out (structure data errors). These files are
described in later sections.

(21) Store results in the database.
When all calculations are complete, the results are stored in the
database for the calculation plan and analysis year and are
stored separately for each stream, damage reach, damage
category, and structure occupancy type (structure, contents,
other, and total). The EAD calculations utilize only the total
damage for each damage category - not the individual structure,
contents and other damage functions.

F.6  Aggregating the Stage-Damage Functions to the
Index Location

The process of using either the eight water surface profiles or the SID
reference flood water surface profile has been described earlier. Since the
calculations are done at each structure at the aggregation stages, the results
(both damage as well as statistics for uncertainty calculations) are easily
accumulated to the index location. Table F.12 (page F-31) displays the
total simulated damage for reach SC 2R. It includes aggregated damage
for the three residential structures. Damage categories Commercial,
Industrial, and Public do not have damage since only residential structures
have been entered in this reach.
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Table F.12
Total Stage-Aggregated Damage,
Damage Reach SC 2R

Total Aggregated Damage Matrix.
Stream: Sliver Creek
Reach: SC 2R
Stage | Commercial | Industrial | Public | SF Residential
1 204 0.00 0.00 0.00 0.00
2 206 0.00 0.00 0.00 0.00
3 208 0.00 0.00 0.00 0.00
4 210 0.00 0.00 0.00 0.00
5 212 0.00 0.00 0.00 0.00
6 214 0.00 0.00 0.00 0.00
7 216 0.00 0.00 0.00 0.00
8 218 0.00 0.00 0.00 0.00
9 220 0.00 0.00 0.00 0.00
10 222 0.00 0.00 0.00 0.00
11 224 0.00 0.00 0.00 0.00
12 226 0.00 0.00 0.00 0.04
13 228 0.00 0.00 0.00 20.78
14 230 0.00 0.00 0.00 100.92
15 232 0.00 0.00 0.00 180.52
16 234 0.00 0.00 0.00 219.37
17 236 0.00 0.00 0.00 259.18
18 238 0.00 0.00 0.00 295.81
19 240 0.00 0.00 0.00 322.66
20 242 0.00 0.00 0.00 342.96
21 244 0.00 0.00 0.00 360.14
22 246 0.00 0.00 0.00 372.30
23 248 0.00 0.00 0.00 381.77
24 250 0.00 0.00 0.00 386.38
25 252 0.00 0.00 0.00 386.55
26 254 0.00 0.00 0.00 386.55
27 256 0.00 0.00 0.00 386.55
28 258 0.00 0.00 0.00 386.55
29 260 0.00 0.00 0.00 386.55
30 262 0.00 0.00 0.00 386.55
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Appendix G

Stage-Damage Text Output Files

G.1 General

This Appendix describes the various ASCII delimited files that are written
outside of HEC-FDA. Some of these output files are generated only if
requested by you. By default, data is written in a tab-delimited format and
the files can be easily imported into other software programs. The stage-
damage results and diagnostic information are written to the following
output files:

e FDA_SDmg.out contains stage-damage functions by damage
reach, damage category, and optionally by structure. This is often
referred to as the Trace Output file (see Section G.2, page G-2).

e FDA SdErrors.out contains structure data validation information
(see Section G.3, page G-7). This file lists optionally each
structure and also summary information. The output indicates
invalid data (such as unknown damage reach, damage category,
etc.) as well as structures that were not included in the calculations
(structure is out of the flood plain; was placed in service after the
current calculation year).

e FDA StrucDetail.out contains detailed structure information
including all of the structure’s data (first floor stage, structure value,
etc.) as well as damage computed for each of the water surface
profile probabilities. The damage is computed without
uncertainty and does not reflect damage reduction due to levees
which is computed during the expected annual damage
simulation. This is often referred to as the Structural Details file
(see Section G.5, page G-12).

e FDA_SDev.out contains detailed results by structure of the Monte-
Carlo simulations for stage-damage. This is often referred to as the
Standard Deviation Trace file (see Section G.4, page G-11).
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G.2 FDA_SDmg.out

FDA_SDmg.out contains stage-damage functions by damage reach,
damage category, and optionally by structure and is often referred to as the
Trace Output file.

G.2.1 Basic Output

The output displayed in the FDA_SDmg.out file is controlled by a user
defined trace level. In Figure G.1, the basic output is the location of the
FDA_SDmg.out file, time of creation, study name, study description,
location of study, plan, and analysis year. From then on the file is broken
up into tables; information in the tables is determined by the trace level
that is set.

File S:\Appendices_Staging\BearTrngSdErrors\FDA_SDmg.out opened on Thu Oct 27 11:40:52 2005

Study: Bear Creek Example Errors

Description: S. Fork Bear & Buechel Branch
Pathname: S:\Appendices Staging\BearTrngSdErrors
Plan: Without

Year: 2009

Determine Scaling for all reaches (4) Using Frequency & Rating Functions.

Stream Reach ObsMin Obs Max Min Num 'Max Num ' Comp Num Comp Min |Comp Max Comp
Stage Stage Ords Ords Ords Stage Stage Interval
Stage
Buechel Branch ' BB-4 488.23 496.95 20 30 20 488.0 497.5 0.5
Buechel Branch ' BB-5 494.99 503.51 20 30 20 494.5 504.0 0.5
S Fork Bear SF-8 463.04 477.76 20 30 20 463.0 482.0 1.0
S Fork Bear SF-9 473.39 485.19 20 30 26 473.0 485.5 0.5

Figure G.1 Trace Output File (FDA_SDmg.out)

G.2.2 Trace Level Less than Five

Summary Output for Component

The first set of tables in FDA_SDmg.out (see Figure G.2, page G-3) are
the stage-aggregated damage functions reported by stream and damage
reach and does not include the computed standard deviation of error in

damage. There are four tables associated with this information and are

broken out by Structure, Content, Other and Total.
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Structure Aggregated Damage Matrix.
Stream: S Fork Bear
Reach: SF-9
Stage APT AUTO COMM PUB RES
1 473.00 0.00 0.00 0.00 0.00 0.00
2 473.50 0.00 0.00 0.00 0.00 0.00
3 474.00 0.00 0.00 0.00 0.00 0.00
4 474.50 0.00 0.00 0.00 0.00 0.00
5 475.00 0.00 0.00 0.00 0.00 0.00
6 475.50 0.00 0.00 0.00 0.00 0.00
7 476.00 0.00 0.00 0.00 0.00 0.00
8 476.50 10.75 0.01 0.00 0.00 0.00
9 477.00 46.61 0.37 0.00 0.00 0.00
10 477.50 84.60 1.55 0.00 0.00 0.00
11 478.00 166.31 4.94 0.00 0.00 2.98
12 478.50 236.65 10.84 0.00 0.00 20.80
13 479.00 309.97 17.64 0.00 0.00 52.92
14 479.50 397.69 35.32 0.09 0.00 83.96
15 480.00 529.52 61.56 1.07 0.00 118.10
16 480.50 679.04 96.84 3.54 0.00 155.17
17 481.00 817.72 152.69 8.95 0.00 211.71
18 481.50 992.09 224.12 66.75 0.00 290.73
19 482.00] 1155.44 278.29 135.16 0.00 349.74
20 482.50] 1303.29 308.03 201.57 0.00 402.93
21 483.00] 1465.72 327.71 293.71 0.00 471.16
22 483.50] 1632.64 347.23 400.76 0.00 549.22
23 484.00] 1796.49 365.86 483.86 0.98 615.82
24 484.50] 1952.49 373.49 533.89 11.23 671.57
25 485.00] 2106.32 373.69 582.15 27.62 735.54
26 485.50] 2265.40 373.69 629.69 38.31 812.28
Content Aggregated Damage Matrix.
Stream: S Fork Bear
Reach: SF-9
Stage APT AUTO COMM PUB RES
1 473.00 0.00 0.00 0.00 0.00 0.00
2 473.50 0.00 0.00 0.00 0.00 0.00
3 474.00 0.00 0.00 0.00 0.00 0.00
4 474 .50 0.00 0.00 0.00 0.00 0.00
5 475.00 0.00 0.00 0.00 0.00 0.00
6 475.50 0.00 0.00 0.00 0.00 0.00
7 476.00 0.00 0.00 0.00 0.00 0.00
8 476.50 5.77 0.00 0.00 0.00 0.00
9 477 .00 25.55 0.00 0.00 0.00 0.00
10 477.50 49.54 0.00 0.00 0.00 0.00
11 478.00 97.68 0.00 0.00 0.00 0.80
12 478.50 140.74 0.00 0.00 0.00 7.31
13 479.00 188.54 0.00 0.00 0.00 21.84
14 479.50 242.58 0.00 7.93 0.00 40.34
15 480.00 313.06 0.00 97.71 0.00 66.18
16 480.50 395.02 0.00 312.34 0.00 95.71
17 481.00 477.84 0.00] 1098.04 0.00 130.76
18 481.50 582.32 0.00] 1833.88 0.00 171.92
19 482.00 679.55 0.00] 2638.34 0.00 206.86
20 482.50 771.07 0.00] 3558.72 0.00 244.23
21 483.00 868.61 0.00] 4335.69 0.00 287.48
22 483.50 968.66 0.00] 5253.52 0.00 330.49
23 484.00] 1066.86 0.00] 6038.74 9.07 368.08
24 484.50|] 1157.48 0.00] 6527.55 59.96 406.17
25 485.00] 1247.41 0.00] 6786.20 113.79 446.23
26 485.50] 1346.01 0.00] 6998.11 151.09 483.84

Figure G.2 FDA_SDmg.out — Stage-Aggregated Damage by Category
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Other Aggregated Damage Matrix.
Stream: S Fork Bear
Reach: SF-9
Stage APT AUTO COMM PUB RES
1 473.00 0.00 0.00 0.00 0.00 0.00
2 473.50 0.00 0.00 0.00 0.00 0.00
3 474.00 0.00 0.00 0.00 0.00 0.00
4 474.50 0.00 0.00 0.00 0.00 0.00
5 475.00 0.00 0.00 0.00 0.00 0.00
6 475.50 0.00 0.00 0.00 0.00 0.00
7 476.00 0.00 0.00 0.00 0.00 0.00
8 476.50 0.00 0.00 0.00 0.00 0.00
9 477.00 0.00 0.00 0.00 0.00 0.00
10 477.50 0.00 0.00 0.00 0.00 0.00
11 478.00 0.00 0.00 0.00 0.00 0.00
12 478.50 0.00 0.00 0.00 0.00 0.00
13 479.00 0.00 0.00 0.00 0.00 0.00
14 479.50 0.00 0.00 0.00 0.00 0.00
15 480.00 0.00 0.00 0.00 0.00 0.00
16 480.50 0.00 0.00 0.00 0.00 0.00
17 481.00 0.00 0.00 0.00 0.00 0.00
18 481.50 0.00 0.00 0.00 0.00 0.00
19 482.00 0.00 0.00 0.00 0.00 0.00
20 482.50 0.00 0.00 0.00 0.00 0.00
21 483.00 0.00 0.00 0.00 0.00 0.00
22 483.50 0.00 0.00 0.00 0.00 0.00
23 484.00 0.00 0.00 0.00 0.00 0.00
24 484.50 0.00 0.00 0.00 0.00 0.00
25 485.00 0.00 0.00 0.00 0.00 0.00
26 485.50 0.00 0.00 0.00 0.00 0.00
Total Aggregated Damage Matrix.
Stream: S Fork Bear
Reach: SF-9
Stage APT AUTO COMM PUB RES
1 473.00 0.00 0.00 0.00 0.00 0.00
2 473.50 0.00 0.00 0.00 0.00 0.00
3 474.00 0.00 0.00 0.00 0.00 0.00
4 474.50 0.00 0.00 0.00 0.00 0.00
5 475.00 0.00 0.00 0.00 0.00 0.00
6 475.50 0.00 0.00 0.00 0.00 0.00
7 476.00 0.00 0.00 0.00 0.00 0.00
8 476.50 16.52 0.01 0.00 0.00 0.00
9 477.00 72.16 0.37 0.00 0.00 0.00
10 477.50 134.14 1.55 0.00 0.00 0.00
11 478.00 263.99 4.94 0.00 0.00 3.78
12 478.50 377.39 10.84 0.00 0.00 28.11
13 479.00 498.51 17.64 0.00 0.00 74.76
14 479.50 640.28 35.32 8.02 0.00 124.30
15 480.00 842.58 61.56 98.78 0.00 184.27
16 480.50| 1074.06 96.84 315.89 0.00 250.88
17 481.00| 1295.57 152.69] 1106.98 0.00 342.48
18 481.50| 1574.41 224.12] 1900.63 0.00 462.65
19 482.00] 1834.99 278.29] 2773.50 0.00 556.60
20 482.50] 2074.36 308.03] 3760.28 0.00 647.17
21 483.00] 2334.32 327.71] 4629.39 0.00 758.64
22 483.50] 2601.29 347.23| 5654.29 0.00 879.71
23 484.00| 2863.35 365.86] 6522.60 10.05 983.90
24 484 .50 3109.97 373.49] 7061.44 71.19] 1077.74
25 485.00] 3353.73 373.69] 7368.35 141.41] 1181.77
26 485.50] 3611.41 373.69] 7627.80 189.40] 1296.12

Figure G.2 FDA_SDmg.out — Stage-Aggregated Damage by Category (continued)
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Summary Output for Component with Uncertainty
Error

The second set of tables available in FDA_SDmg.out (see Figure G.3, page
G-6) are the stage-aggregated damage functions by stream, damage reach,
and damage category. These functions include the computed standard
deviation of error and are broken out by Structure, Content, Other, and
Total.

G.2.3 Trace Level Greater than Four

When the trace level is set to five or greater, FDA adds additional
information by structure to FDA_SDmg.out file, which is displayed in

Figure G.4.

Structure: 3192

Stream: Buechel Branch Reach: BB-4 Category: APT

Address: 1-24 BUECH BNK;WILLOW BROOK APT City: State:
Structure: 3193

Stream: Buechel Branch Reach: BB-4 Category: APT

Address: 105-120 BUECH BNK;WILLOW BROOK City: State:
Structure: 3194

Stream: Buechel Branch Reach: BB-4 Category: APT

Address: 89-104 BUECH BNK;WILLOW BROOK AP City: State:
Structure: 3195

Stream: Buechel Branch Reach: BB-4 Category: APT

Address: 25-49 BUECH BNK;WILLOW BROOK APT City: State:

Figure G.4 FDA_SDmg.out — Trace Level Greater than Four

G.2.4 Trace Level Greater than Nine

When the trace level is set to ten or greater, detailed information about
each structure is provided. For example, in Figure G.5 (see page G-7),
detailed structure information for Structure 399 is displayed. Information
includes structure name, stream name, damage reach name, damage
category name, address, water surface elevation at index location, water
surface elevation at structure, and much more. The information includes
Nominal Depth which is the depth of assumed flooding without
uncertainty. Nominal depth corresponds to the "aggregation stages",
where are shown for both the index location and at the structure as
computed using either the water surface profiles or the SID reference
flood water surface profile.
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Stored Stage-Damage-Uncertainty Function

Stored Stage-Damage-Uncertainty Function

Plan Without Plan Without
Year 2009 Year 2009
Stream S Fork Bear Stream S Fork Bear
Reach SF-9 Reach SF-9
Damage Cat APT Damage Cat APT
Component  Structure Component Content
Index Stage Damage Std Dev Index Stage Damage Std Dev
1 473.00 0.00 0.00 1 473.00 0.00 0.00
2 473.50 0.00 0.00 2 473.50 0.00 0.00
3 474.00 0.00 0.00 3 474.00 0.00 0.00
4 474.50 0.00 0.00 4 474.50 0.00 0.00
5 475.00 0.00 0.00 5 475.00 0.00 0.00
6 475.50 0.00 0.00 6 475.50 0.00 0.00
7 476.00 0.00 0.00 7 476.00 0.00 0.00
8 476.50 10.75 11.18 8 476.50 5.77 6.38
9 477.00 46.61 9.62 9 477.00 25.55 7.59
10 477 .50 84 .60 14.16 10 477 .50 49_54 10.43
11 478.00 166.31 15.68 11 478.00 97 .68 14.19
12 478.50 236.65 13.77 12 478.50 140.74 16.05
13 479.00 309.97 12.60 13 479.00 188.54 18.44
14 479.50 397.69 13.19 14 479.50 242 .58 20.90
15 480.00 529.52 21.79 15 480.00 313.06 24.75
16 480.50 679.04 17.08 16 480.50 395.02 27.04
17 481.00 817.72 20.95 17 481.00 477 .84 31.19
18 481.50 992.09 2405 18 481.50 582.32 36.12
19 482.00 1155.44 21.87 19 482.00 679.55 40.47
20 482 .50 1303.29 24.34 20 482.50 771.07 45.24
21 483.00 1465.72 28.74 21 483.00 868.61 50.55
22 483.50 1632.64 29.01 22 483.50 968 .66 55.34
23 484.00 1796.49 31.29 23 484.00 1066 .86 60.43
24 484.50 1952 .49 33.32 24 484.50 1157.48 65.25
25 485.00 2106.32 35.73 25 485.00 1247 .41 70.17
26 485.50 2265 .40 38.26 26 485.50 1346.01 75.58

Stored Stage-Damage-Uncertainty Function

Stored Stage-Damage-Uncertainty Function

Plan Without Plan Without

Year 2009 Year 2009

Stream S Fork Bear Stream S Fork Bear

Reach SF-9 Reach SF-9

Damage Cat APT Damage Cat APT

Component  Other Component Total

Index Stage Damage Std Dev Index Stage Damage Std Dev
1 473.00 0.00 0.00 1 473.00 0.00 0.00
2 473.50 0.00 0.00 2 473.50 0.00 0.00
3 474.00 0.00 0.00 3 474.00 0.00 0.00
4 474_.50 0.00 0.00 4 474 .50 0.00 0.00
5 475.00 0.00 0.00 5 475.00 0.00 0.00
6 475.50 0.00 0.00 6 475.50 0.00 0.00
7 476.00 0.00 0.00 7 476.00 0.00 0.00
8 476.50 0.00 0.00 8 476.50 16.52 17.12
9 477 .00 0.00 0.00 9 477.00 72.16 15.66
10 477 .50 0.00 0.00 10 477.50 134.14 22.12
11 478.00 0.00 0.00 11 478.00 263.99 26.04
12 478.50 0.00 0.00 12 478.50 377.39 24.41
13 479.00 0.00 0.00 13 479.00 498.51 24.58
14 479.50 0.00 0.00 14 479.50 640.28 26.31
15 480.00 0.00 0.00 15 480.00 842.58 37.44
16 480.50 0.00 0.00 16 480.50] 1074.06 33.63
17 481.00 0.00 0.00 17 481.00 1295.57 40.36
18 481.50 0.00 0.00 18 481.50 1574.41 46.36
19 482.00 0.00 0.00 19 482.00] 1834.99 46.95
20 482.50 0.00 0.00 20 482 .50 2074.36 52.29
21 483.00 0.00 0.00 21 483.00 2334.32 60.25
22 483.50 0.00 0.00 22 483.50 2601.29 63.51
23 484.00 0.00 0.00 23 484.00] 2863.35 69.03
24 484.50 0.00 0.00 24 484 .50 3109.97 74.08
25 485.00 0.00 0.00 25 485.00 3353.73 79.64
26 485.50 0.00 0.00 26 485.50 3611.41 85.68

Figure G.3 FDA_SDmg.out — Stage-Aggregated Damage by Category with Uncertainty
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Structure: 399

Stream: S Fork Bear

Reach: SF-8

Category: COMM

Address: BASHFORD MANOR MALL

City:

State:

WS Elev @ |WS Elev @ |[Nominal Mean Structure |Content Other Total

Index Index Structure |Depth Depth Damage Damage Damage Damage
1 463.00 464.77 -12.22 -12.22 0.00 0.00 0.00 0.00
2 464.00 465.77 -11.22 -11.22 0.00 0.00 0.00 0.00
3 465.00 466.77 -10.22 -10.22 0.00 0.00 0.00 0.00
4 466.00 467.77 -9.22 -9.22 0.00 0.00 0.00 0.00
5 467.00 468.77 -8.22 -8.22 0.00 0.00 0.00 0.00
6 468.00 469.77 -7.22 -7.22 0.00 0.00 0.00 0.00
7 469.00 470.67 -6.32 -6.32 0.00 0.00 0.00 0.00
8 470.00 471.51 -5.48 -5.48 0.00 0.00 0.00 0.00
9 471.00 472.39 -4._60 -4._60 0.00 0.00 0.00 0.00
10 472.00 473.27 -3.72 -3.72 0.00 0.00 0.00 0.00
11 473.00 474.32 -2.67 -2.69 0.00 0.00 0.00 0.00
12 474.00 475.27 -1.72 -1.75 0.00 0.00 0.00 0.00
13 475.00 476.11 -0.88 -0.90 0.00 0.00 0.00 0.00
14 476.00 476.89 -0.10 -0.13 73.06 186.22 0.00 259.28
15 477.00 477.71 0.72 0.70] 1,567.31] 4,454.61 0.00] 6,021.92
16 478.00 478.71 1.72 1.70] 4,291.75] 10,163.09 0.00| 14,454.84
17 479.00 479.71 2.72 2.70] 5,201.72] 19,665.99 0.00] 24,867.71
18 480.00 480.71 3.72 3.70] 5,211.95|28,819.37 0.00| 34,031.32
19 481.00 481.71 4.72 4.70] 6,243.18] 33,074.97 0.00] 39,318.15
20 482.00 482.71 5.72 5.70] 7,734.50] 35,066.55 0.00| 42,801.05

Figure G.5 Example Structure Summary Validation Output

G.3 FDA_SdErrors.out

FDA_SdErrors.out contains structure data validation information. This
file lists optionally each structure and also summary information. The
output indicates invalid data (such as unknown damage reach, damage
category, etc.) as well as structures that were not included in the
calculations (structure is out of the flood plain; was placed in service after
the current calculation year, etc.).

G.3.1 Summary Validation Output

The information displayed in the FDA_SdErrors.out file is the errors,
warnings, and flags generated from processing the structure inventory. In
Figure G.6, the information provided includes location of the

File S:\Appendices_Staging\BearTrngSdErrors\FDA_SdErrors.out opened on Thu Oct 27 11:40:52 20|

Study: Bear Creek Example Errors

Description S. Fork Bear & Buechel Branch

Pathname: S:\Appendices_Staging\BearTrngSdErrors

Number of Structures Rejected Due To Errors In Stage-Damage Calculations
Numbers are Cumulative for Selected Plan & Year

Plan: Without
Year : 2009
c| © [ ©
| o] = o| = k=l = J
© - [0} e} e} e 0] c e (] c ey jo2} el o
o Q o © [ c o > [0} = - op £ S
[ o o o (=] o © xE ] e o Q
o| - = - i of| = al = o
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Figure G.6 FDA_SdErros.out — Trace Level Greater than Nine
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FDA_SdErrors.out file, time of creation, study name, study description,
and location of study, plan, analysis year, and a summary of the errors that
occurred when validating the structure data.

Example errors include undefined first floor stage, undefined damage
category, bad occupancy type data, and more. An example warning is
flagging structures that are "out of the floodplain" which indicates that the
first floor stage is so high that the structure will not contribute any damage
and is not used in the calculations. For example, there are a total of 243
structures of which twelve were rejected from the calculations. Of those
twelve, ten structures had bad data.

G.3.2 Trace Level Five or Greater

Figures G.7 through G.9 (page G-9) display part of the structure
information that is available in FDA_SdErrors. out. When the trace level
is five or greater, information is provided by structure. With this option,
FDA_SdErrors.out

2.2 % % g z E :2 =
2 lEE2zzz A 2
AR R R e O
32 % RS Z 2 2% E E k<] 2 8 é < %5 Curr | Curr Calc |SID  SID
Cum Num Ze5 22212181855 E 2 21522 Reach |Rch Calculated 'Rch |Reach Rch
ZIEZEs5 =880 8B 3 2zl
Struc Struc Name S 6 A B 2 6 S g ﬁ fg“ fgn 2 & &% & » o Stream Name Stream ID  Name | ID Reach Name 1D Name ID
25/R 446 a X X X S Fork Bear 3 SF-8 64 SF-8 64 SF-8 64
26 R 446 b X X X S Fork Bear 3 SF-8 64 SF-8 64 SF-8 64
27 R446 ¢ X S Fork Bear 3 SF-8 64 0 SF-8 64
28 R446d X X X S Fork Bear 3 SF-8 64 SF-8 64 SF-8 64
29 R446 ¢ S Fork Bear 3 SF-8 64 SF-8 64 SF-8 64
30 R446 f X X X S Fork Bear 3 -901 0 -901
31 R446 g X | X X X S Fork Bear 3 SF-8 64 0/ SF-8 64
32/R446 h X X S Fork Bear 3 SF-8 64 SF-8 64 SF-8 64
33 R4461 X X S Fork Bear 3 SF-8 64 SF-8 64 SF-8 64
34 R446j S Fork Bear 3 SF-9 65 SF-9 65 SF-8 64
35 R446 k X X X S Fork Bear 3 SF-8 64 SF-8 64 SF-8 64
36/ R 4461 X X X S Fork Bear 3 SF-8 64 SF-8 64| SF-8 64
Figure G.7 Example Structure Computation Errors, Frame 1
- =23
=82l2lals s EE z E’i 23
SE2552583358z25 58 Zero
3235322 %¢la%%32/85 % Occ  Dam Other | Uses
Sz 2218|535 == 2 285 g
Cum Num = £ % i z <2) e %99 = Slg g g & | Category | Cat Code Occ Structure ContentOcc Occ | FF 1st Floor
Struc Struc Name S 8 % ;,=> & S 8 5 = fgn fg') = % ﬁ % 7 E Name ID Occ Code Name ID Data  Occ Data Data Data | Stage |Stage
25 R446a XX X RES 5/Bob 2 Ds 1156 5Dd 0 0 1 478.50
26 R446 b XX X RES 5/Bob2 D$ 1158 5%d 0 0 1 478.50
27 R446 ¢ X RES 5/ 1BS_IBC_ 44 18 19 0 1 478.50
28 R446d XX X RES 5/1BS_1BC_ 44 18 19 0 0 -901.00
29 R446¢ RES 5/ 1BS 1BC 44 18 19 0 1 478.50
30 R 446 f XX X RES 5/ 1BS 1BC 44 18 19 0 1 478.50
31 R446 ¢ X! X X X RES 5 1BS 1BC 44 18 19 [ 1 478.50
32 R446 h X X RES 5/ 1BS_IBC_ 44 18 19 0 1 600.00
33 R4461i X X RES 5/1BS 1BC 44 18 19 0 1 478.50
34 R 446 RES 5/ 1BS 1BC 44 18 19 0 1 478.50
35 R446k XX X RES 5/Bob 3 No Ord 1168 0 0 0 1 478.50
36 R4461 X[ X X RES 5/Bob 4 No ZD 1190 X 4 0 0 1 478.50

Figure G.8 Example Structure Computations Errors, Frame 2

can become quite large depending on the size of the structure inventory.
One piece of information that is provided are IDs. These IDs are
generated by FDA when certain components (i.e., stream, damage reach,
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Cum Num

Struc Struc Name
25 R446a
26 R446b
27/R446 ¢
28 R446d
29 R446 ¢
30 R446
31 R446 g
32/R446h
33 R4461
34/ R446j
35/ R446 k
36 R4461

Valid
Scaled

=33

Sl=|3

z|z|zlzlzlz |zl [E13EL [z [E 23

SE2S33558E5z€%28 22
5122352388223 % 8855 Year WSP Reach | WSP Max Tab
i E g's i z % e % 23 a 283 g g Ground | Foundation  Struc  Struc Starting  Index Ending | Struc Stage | Stage At

SISIEIERE 8 8x 222 ElEE S Z Stage Height Built  |Station |Station Station Station | Zero Damg | Struct

X X X -901.00! -901.00 1900 9.150 0.800 9253 13.380 -901.00' -901.00
XX X -901.00 -901.00 1900 9.150 0.800 9.253 13.380 -901.00/ -901.00
X -901.00 -901.00 1900 11.000 0.800 9.253 13.380 47440, 495.62
X X X -901.00 0.00 1900 9.150 0.800 9.253 13.380 -901.00/ -901.00
-901.00! -901.00 1900 9.150 0.800 9253 13.380 47440 481.79
XX X -901.00! -901.00 1900°  500.000 0.800 -901.000  13.380 -901.00/ -901.00
X X X X -901.00 -901.00 1900 500.000 0.800 9.253  13.380 -901.00/ -901.00
X X -901.00 -901.00 1900 9.150 0.800 9.253 13.380 595.90  481.79
X X -901.00 -901.00 2030 9.150 0.800 9.253 13.380 47440 481.79
-901.00 -901.00 1900 10.000 0.800 10.124 13.380 47440 483.64
XX X -901.00! -901.00 1900 9.150 0.800 9253 13.380 -901.00' -901.00
XX X -901.00! -901.00 1900 9.150 0.800 9253 13.380 -901.00' -901.00

Figure G.9 Example Structure Computations Errors, Frame 3

damagee category, etc.) are created. These IDs are an easy way for FDA
to relate data and are not visible in the graphical user interface (GUI).
FDA will indicate bad data if an ID does not exist, for example, a structure
could reference a structure occupancy type that has been deleted. Since
the structure occupancy type ID has been deleted, but the structure
inventory still references that ID, FDA will indicate bad data in
FDA_SdErrors.out.

For example, in Figures G.7 (page G-8) through G.9, in FDA a stage-
aggregated damage compuation was done for the "Without" plan and
analysis year 2009. The options Use SID Reaches and Use SID Ref
Flood were not used during this comptuation. There are two damage
reaches, SF-8 (stations 9.020 — 9.960) and SF-9 (stations 9.960 — 10.363),
with water surface profiles being calculated at stations 0.800 through
13.380.

e In Figure G.7 (page G-8) information provided for each structure is
the stream name; current damage reach name (which is the damage
reach where a structure's damage is aggregated, and it either the
calculated damage reach name or the SID reach name); the
calculated damage area name (calculated by FDA based on the
stream name, stationing, and back location of the structure), the
SID reach name (Damage reach name entered by the user for a
structure), and any error or warnings that occurred during the
stage-aggregated damage calculation.

e For Structure 446a, a bad structure occupancy type had been
detected. In Figure G.8 (page G-8), the column Occ Data Bad is
checked, and in the column Structure Occ Data the characters
5 Dd displayed. These characters indicate that there are five (5)
ordinates in the structure depth-damage function, and that the
depth (D) decreases (d) somewhere in the function rather than
increasing.
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For Structure 466b a bad structure occupancy type has been
detected. In Figure G.6 (page G-8), the column Occ Data Bad is
checked and in the column Structure Occ Data the characters

5 $d are displayed. These characters indicate that there are five (5)
ordinates in the structure depth-damage function, and that the
damage ($) decreases (d) somewhere in the function rather than
increasing.

Structure 446¢ provides an example of a structure that is located
outside the range of the damage reaches. In Figure G.7 (page
G-8), the column SID Rch Name Used is checked and the column
Calculated Reach Name is blank. The structure is located at
station 11.00 which is outside the range of the stationing provided
for the two damage reaches, but is within the range of stationing
for the water surface profiles. Since a damage reach name was
entered for the SID reach name, FDA will use this as the damage
reach for Structure 446c¢.

A bad first floor stage has been detected for Structure 446d. In
Figure G.8 (page G-8) the column FF Stage Bad has been
checked, and in column 1% Floor Stage the value -901.00 has been
entered by FDA, indicating that the first floor stage was not
defined. -901.00 is used by FDA to indicate that a number has not
been defined and usually means that a required field was not
entered by the user. It can also mean that a value could not be
calculated and is undefined.

Structure 446f provides an example of an invalid damage reach.
In Figure G.7 (page G-8), the column Rch Not Valid is checked,
which indicates that FDA did not find or was unable to calculate a
valid damage reach for Structure 446f. A zero (0) appears in the
column Calc Rch ID, which means FDA, was unable to calculate
a damage reach since the station location (500.00) of the structure
is outside the range of the damage reaches. A -901 appears in the
SID Rch ID column, which indicates that the user did not enter a
damage reach name.

Now, Structure 4469 is similar to Structure 446f in that the
station location of the structure is bad, but for this structure a SID
Reach Name has been provided by the user. In Figure G.7 (page
G-8), for Structure 4469 the column SID Rch Name Used is
checked, therefore, since the structure's station (500.00) is outside
of the range of stations for the water surface profiles (0.800 —
13.380) and FDA can't compute the damage reach, the SID Reach
Name will be used.
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Structure 446h has been tagged "out of the floodplain" and will
not be included in the stage aggregated damage calculation. In
Figure G.8 (page G-8), in column 1% Floor Stage, Structure 446h
has a first floor stage of 600.00. In Figure G.9 (page G-9), for
Structure 446h, column Struc Stage Zero Damg has a value of
595.90 for the zero damage point. In the column Max Tab Stage
at Struct, a value of 481.79 is indicated for the highest tabulation
stage for aggregating damages for Structure 446h. This value is
far below the zero damage point; therefore, the structure is tagged
"out of the floodplain".

The next structure, 446j, does not have any errors, but has two
different damage reach names. The calculated damage reach
names is SF-9 (see Figure G.7, column Calculated Reach Name),
while the SID Reach Name provided by the user is SF-8 (see
Figure G.7, column SID Reach Name). For this example,
remember we are not using the option Use SID Reaches, so FDA
will use the calculated damage reach name when doing the stage-
aggregated damage calculation.

Structure 446k has a bad structure occupancy type. In Figure G.8
(page G-8), column Structure Occ Data, Content Occ Data, and
Other Occ Data all contain a value of zero (0), which indicates
there are no ordinates in the depth-damage functions for this
structure. Therefore, there is no damage associated with this
structure.

The last structure we will look at in this example is Structure
4461, which also has a bad structure occupancy type. In Figure G.8
(page G-8), the column Zero Damage Occ Data is checked. This
indicates that there is not a zero damage point in one or more of the
depth-damage functions. Each depth-damage function should have
some depth at which there is no damage.

G.4 FDA_SDev.out

FDA_SDev.out contains detailed results by structure of the Monte-Carlo
simulations for stage-damage and is often referred to as the Standard
Deviation Trace file.

Trace Level Greater than Forty-Nine

When the trace level is set at fifty (50) or greater, detailed Monte-Carlo
simulation results by structure are written to FDA_SDev.out. Figure G.10
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File S:\Appendices_Staging\BearTrngSdErrors\FDA_SDev.out opened on Thu Oct 27 15:09:50 2005
Study: Bear Creck Example Errors
Description: | S. Fork Bear & Buechel Branch
Pathname: | S:\Appendices_Staging\BearTrngSdErrors
Plan: Without
Year: 2009
Structure: 399
Stream: S Fork Bear
Reach: SF-8
Category: COMM
Address: BASHFORD MANOR MALL
City:
State:
Monte Carlo Simulation Results for First Floor Elevation and Values
Mean StdDev Mean StdDev 'Num  Mean StdDev Mean  StdDev StdDev
Nominal Ist IstFloor | 1stFloor 'Numof |Struct Struct  of Content | Content 'Numof Other |Other Num of 'Mean total | Total
Index Floor Elev  Elev Elev Simul  Value Value Simul | Value Value Simul  Value ' Value Simul  Value Value
1 476.99 0.00 0.000 0 0.0 0.0 0 0.0 0.0 0 0 0 0 0.0 0.
2 476.99 0.00 0.000 0 0.0 0.0 0 0.0 0.0 0 0 0 0 0.0 0
3 476.99 0.00 0.000 0 0.0 0.0 0 0.0 0.0 0 0 0 0 0.0 0
4 476.99 0.00 0.000 0 0.0 0.0 0 0.0 0.0 0 0 0 0 0.0 0
5 476.99 0.00 0.000 0 0.0 0.0 0 0.0 0.0 0 0 0 0 0.0 0
6 476.99 0.00 0.000 0 0.0 0.0 0 0.0 0.0 0 0 0 0 0.0 0
7 476.99 0.00 0.000 0 0.0 0.0 0 0.0 0.0 0 0 0 0 0.0 0
8 476.99 0.00 0.000 0 0.0 0.0 0 0.0 0.0 0 0 0 0 0.0 0
9 476.99 0.00 0.000 0 0.0 0.0 0 0.0 0.0 0 0 0 0 0.0 0.
10 476.99 0.00 0.000 0 0.0 0.0 0 0.0 0.0 0 0 0 0 0.0 0.
11 476.99 477.01 0.206 1001 7431021 7382.4/ 100 35618.5 12193.5 100 0 0 100 109928.8 ' 14509.
12 476.99 477.01 0.206 1001 7431021 7382.4/ 100 35618.5 12193.5 100 0 0 100 109928.8  14509.
13 476.99 477.01 0.206 1001 7431021 7382.4/ 100 35618.5 12193.5 100 0 0 100 109928.8 ' 14509.
14 476.99 477.01 0.206 1001 7431021 7382.4/ 100 35618.5 12193.5 100 0 0 100 109928.8 ' 14509.
15 476.99 477.01 0.206 1000 7431021 7382.4/ 100 35618.5 12193.5 100 0 0 100 109928.8 ' 14509.
16 476.99 477.01 0.206 1001 7431021 7382.4/ 100 35618.5 12193.5 100 0 0 100 109928.8 1 14509.
17 476.99 477.01 0.206 1001 7431021 73824/ 100 35618.5 12193.5 100 0 0 100 109928.8  14509.

Figure G.10 Example Detailed Monte-Carlo Simulation Results for One Structure

displays the information for a structure; information includes study name,
description of the study, location of the study, plan name, analysis year,
structure name, stream name, and more. Results that include "mean" are
the computed means after the stage aggregated damage calculation is
finished. Currently, FDA resets the "seed" number to the initial default
value for every stage ordinate, which creates a bias in the results. If the
seed number were not reset, the computed damage does not always
increase with increasing stages.

G.5 FDA_StrucDetail.out

FDA_StrucDetail.out contains detailed structure information including all
of the structure’s data (first floor stage, structure value, etc.) as well as
damage computed for each of the water surface profile probabilities. The
damage is computed without uncertainty and does not reflect damage
reduction due to levees which is computed during the expected annual
damage simulation. This file is often referred to as the Structural
Detalils file.

Detailed Structure Output

The FDA_StrucDetail.out file contains detailed information about the
structure inventory. Figure G.11, which is split into several frames,
displays the information available from FDA_StrucDetail.out.
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File D:\WpDoc\NexGen FDA\Documentation\UsersManual\Manual 2005\Data\Data 2005\BearTrng\FDA_StrucDetail.out opened on Mon Aug 29 16:17:05 2005

Study: Beargrass Creek
Description:  S. Fork Beargrass & Buechel Branch
Pathname: D:\WpDoc\NexGen FDA\Documentation\UsersManual\Manual 2005\Data\Data 2005\BearTrng

Plan: Without
Year: 2008
Struc_Name  Stream Name Station Bank | Year Cat Name  Occ_Name Street City State | Zip
Structure Stream Name Reach | Station Bank | Year In Damage Occupancy Street City  State  Zip
Name Name Service Category Type
3192 Buechel Branch BB-4 500.000 Left 1900 APT A2S_A2C_ 1-24 BUECH BNK;WILLOW BROOK APT
3193 Buechel Branch BB-4 1.790 Left 1900 APT A2S_A2C_ 105-120 BUECH BNK;WILLOW BROOK
3194 Buechel Branch BB-4 1.820 Left 1900 APT A2S_A2C_ 89-104 BUECH BNK;WILLOW BROOK AP
3195 Buechel Branch BB-4 1.800 Left 1900 APT A2S_A2C_ 25-49 BUECH BNK;WILLOW BROOK APT
3196 Buechel Branch BB-4 1.790 | Left 1900 APT A2S_A2C_ WILLOW BROOK APTS CLUBHOUSE
3197 Buechel Branch BB-4 1.823 Left 1900 APT A2S_A2C_ 65-77 BUECH BNK;WILLOW BROOK APT
3198 Buechel Branch BB-4 1.840 Left 1900 APT A2S_A2C_ 49-56 BUECH BNK;WILLOW BROOK APT
3199 Buechel Branch BB-4 1.835 Left 1900 APT A2S_A2C_ 57-65 BUECH BNK;WILLOW BROOK APT
3215 Buechel Branch BB-5 2.055 Left 1900 COMM 13S_13C_ 4133 BTOWN RD;CHAMPION WINDOWS
3216 Buechel Branch BB-5 2.950 Left 1900 RES 2BS_2BC_ 2209 FAIRLAND AV.
3217 Buechel Branch BB-5 2.215 Left 1900 RES 1CS_1CC_ 2222 FAIRLAND AV.
3218 Buechel Branch BB-5 2.165 Left 1900 RES 1CS_1CC_ 2220 FAIRLAND AV.
3219 Buechel Branch BB-5 2.160 | Left 1900 RES 1CS_1CC_ 2220 FAIRLAND AV.
3220 Buechel Branch BB-5 2.135 | Left 1900 RES 1CS_1CC_ 2216 FAIRLAND AV.
3221 Buechel Branch BB-5 2.110 Left 1900 RES 2BS_2BC_ 2212 FAIRLAND AV.
3222 Buechel Branch BB-5 2.090 Left 1900 COMM 83S_83C_ FAIRLAND AV. storage whse.
3223 Buechel Branch BB-5 2.130 Left 1900 RES 1CS_1CC_ FAIRLAND AV.; BI-30
3224 Buechel Branch BB-5 2.135 Left 1900 RES 2BS_2BC_ 2215 FAIRLAND AV.; BI-30
3225 Buechel Branch BB-5 2.150  Left 1900 RES 2CS_2CC_ 2217 FAIRLAND AV.; BI-30
3226 Buechel Branch BB-5 2.220 Left 1900 RES 2CS_2CC_ 2224 FAIRLAND AV.; BI-30

Figure G.11 Example of FDA_StrucDetail.out — Frame 1

Structure Northing  Easting |Zone Module Structure  Structure | Content Ratio Content  Ratio Other Value Ratio Other
Name Value in Value Valuein | Content/ |Value Content/ | in Database Other / Value

Database Database  Structure Structure Structure

Value in Value Value in

Database Database
3192 0 0 1.75 Base 737.8 737.8 368.9 50.0 368.9 50.0 -901.0 -901.0 0.0
3193 0 0 -901 Base 513.6 513.6 256.8 50.0 256.8 50.0 -901.0 -901.0 0.0
3194 0 0 -901 Base 517.7 517.7 258.9 50.0 2589 50.0 -901.0 -901.0 0.0
3195 0 0 -901 Base 743.9 743.9 372.0 50.0 372.0 50.0 -901.0 -901.0 0.0
3196 0 0 -901 Base 87.6 87.6 43.8 50.0 43.8 50.0 -901.0 -901.0 0.0
3197 0 0 -901 Base 538.0 538.0 269.0 50.0 269.0 50.0 -901.0 -901.0 0.0
3198 0 0 -901 Base 265.0 265.0 132.5 50.0 132.5 50.0 -901.0 -901.0 0.0
3199 0 0 -901 Base 265.0 265.0 132.5 50.0 132.5 50.0 -901.0 -901.0 0.0
3215 0 0 -901 Base 75.0 75.0 60.0 50.0 60.0 80.0 -901.0 -901.0 0.0
3216 0 0 -901 Base 56.7 56.7 283 50.0 28.3 50.0 -901.0 -901.0 0.0
3217 0 0 -901 Base 64.9 64.9 32.5 -901.0 325 50.0 -901.0 -901.0 0.0
3218 0 0 -901 Base 71.3 713 38.6 -901.0 38.6 50.0 -901.0 -901.0 0.0
3219 0 0 -901 Base 34.0 34.0 17.0 -901.0 17.0 50.0 -901.0 -901.0 0.0
3220 0 0 -901 Base 62.8 62.8 31.4 -901.0 31.4 50.0 -901.0 -901.0 0.0
3221 0 0 -901 Base 74.2 74.2 37.1 50.0 37.1 50.0 -901.0 -901.0 0.0
3222 0 0 -901 Base 36.0 36.0 28.8 50.0 28.8 80.0 -901.0 -901.0 0.0
3223 0 0 -901 Base 227 22.7 11.3 -901.0 11.3 50.0 -901.0 -901.0 0.0
3224 0 0 -901 Base 54.6 54.6 27.3 50.0 27.3 50.0 -901.0 -901.0 0.0
3225 0 0 -901 Base 26.8 26.8 13.4 50.0 13.4 50.0 -901.0 -901.0 0.0
3226 0 0 -901 Base 44.3 44.3 222 50.0 222 50.0 -901.0 -901.0 0.0

Figure G.11 Example of FDA_StrucDetail.out — Frame 2
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Structure Ratio Total Number of | First Floor Ground Foundation  Depth at Stage at  Depthat SID SID Ref
Name Other / Value Structures Elevation | Elevation Height Beginning Zero zero Reach Flood Stage
Structure Damage Damage damage Name
Value
3192 0.0 1106.7 1 4923 -0.25  492.00 -0.25 BB-4 493.70
3193 0.0 770.4 1 492.3 -0.25  492.00 -0.25 BB-4 494.10
3194 0.0 776.6 1 492.5 -0.25 49225 -0.25 BB-4 494.50
3195 0.0 11159 1 492.0 -0.20  491.80 -0.20 BB-4 494.30
3196 0.0 131.4 1 492.0 -0.01 491.99 -0.01 BB-4 494.10
3197 0.0 807.0 1 4923 -0.25  492.00 -0.25 BB-4 494.50
3198 0.0 397.5 1 492.5 -0.25 49225 -0.25 BB-4 494.70
3199 0.0 397.5 1 492.5 -0.25 49225 -0.25 BB-4 494.70
3215 0.0 135.0 1 502.3 -0.01 502.30 0.00 BB-5 502.00
3216 0.0 85.0 1 505.0 -3.00  502.00 -3.00 BB-5 501.90
3217 0.0 973 1 504.3 -2.25 502.25 -2.00 BB-5 502.60
3218 0.0 115.9 1 501.5 -1.00  500.50 -1.00 BB-5 502.30
3219 0.0 51.0 1 500.0 -0.01 499.99 -0.01 BB-5 502.20
3220 0.0 94.2 1 502.3 -2.25 500.25 -2.00 BB-5 502.20
3221 0.0 111.2 1 507.0 -6.00  501.00 -6.00 BB-5 502.10
3222 0.0 64.8 1 500.2 -0.01 500.20 0.00 BB-5 502.10
3223 0.0 34.0 1 504.3 -2.25 502.25 -2.00 BB-5 502.20
3224 0.0 81.9 1 506.0 -4.00  502.00 -4.00 BB-5 502.20
3225 0.0 40.2 1 503.8 -1.25 502.50 -1.25 BB-5 502.20
3226 0.0 66.4 1 503.8 -1.25 502.50 -1.25 BB-5 502.60

Figure G.11 Example of FDA_StrucDetail.out — Frame 3

Structure Stage at 0.5 Stageat(0.2  Stageat0.1 | Stageat0.04 Stage at 0.02 Stage at 0.01  Stage at Stage at Depthat 0.5  Depth at 0.2
Name Probability Probability Probability  Probability Probability Probability 0.004 0.002 Probability Probability
Probability  Probability

0.5 0.2 0.1 0.04 0.02 0.01 0.004 0.002 0.5 0.2
3192 491.19 491.92 492.53 492.92 493.40 493.71 494.11 494.44 -1.06 -0.33
3193 490.25 491.04 492.07 493.06 493.46 493.89 494.14 494.73 -2.00 -1.21
3194 490.81 491.59 492.51 493.38 493.78 494.23 494.49 495.13 -1.69 -0.91
3195 490.44 491.22 492.22 493.16 493.57 494.00 494.26 494.86 -1.56 -0.78
3196 490.25 491.04 492.07 493.06 493.46 493.89 494.14 494.73 -1.75 -0.96
3197 490.87 491.64 492.56 493.41 493.81 494.26 494.53 495.17 -1.38 -0.61
3198 491.19 491.95 492.81 493.59 493.99 494.45 494.73 495.39 -1.31 -0.55
3199 491.09 491.86 492.74 493.54 493.94 494.39 494.67 495.33 -1.41 -0.64
3215 497.23 499.56 501.30 501.58 501.73 501.92 502.03 502.32 -5.07 -2.74
3216 515.78 516.92 518.41 518.83 519.05 519.33 519.54 520.32 10.78 11.92
3217 498.94 500.17 501.49 501.86 502.09 502.40 502.58 503.06 -5.31 -4.08
3218 498.04 499.85 501.37 501.69 501.88 502.12 502.27 502.65 -3.46 -1.66
3219 497.97 499.83 501.36 501.68 501.86 502.10 502.25 502.62 -2.03 -0.17
3220 497.65 499.76 501.34 501.64 501.81 502.02 502.16 502.51 -4.60 -2.50
3221 497.54 499.73 501.32 501.61 501.78 501.99 502.11 502.43 -9.46 -7.27
3222 497.45 499.71 501.31 501.60 501.76 501.96 502.08 502.38 -2.75 -0.49
3223 497.63 499.75 501.33 501.63 501.80 502.02 502.15 502.49 -6.62 -4.50
3224 497.65 499.76 501.34 501.64 501.81 502.02 502.16 502.51 -8.35 -6.25
3225 497.82 499.79 501.35 501.66 501.84 502.06 502.21 502.57 -5.93 -3.96
3226 499.04 500.22 501.50 501.89 502.13 502.44 502.62 503.11 -4.71 -3.53

Figure G.11 Example of FDA_StrucDetail.out — Frame 4
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Structure Depthat 0.1 | Depth at 0.04 Depth at 0.02 Depth at 0.01 | Depth at 0.004 Depth at 0.002 Total Total Total Total
Name Probability Probability Probability Probability Probability Probability Damage at | Damage at  Damage at  Damage at
0.5 0.2 0.1 0.04
Probability | Probability | Probability | Probability

0.1 0.04 0.02 0.01 0.004 0.002 0.5 0.2 0.1 0.04
3192 0.28 0.67 1.15 1.46 1.86 2.19 0.0 0.0 88.4 98.5
3193 -0.18 0.81 1.21 1.64 1.89 2.48 0.0 0.0 49.4 71.0
3194 0.01 0.88 1.28 1.73 1.99 2.63 0.0 0.0 57.2 72.9
3195 0.22 1.16 1.57 2.00 2.26 2.86 0.0 0.0 87.5 117.0
3196 0.07 1.06 1.46 1.89 2.14 2.73 0.0 0.0 9.8 13.1
3197 0.31 1.16 1.56 2.01 2.28 2.92 0.0 0.0 65.0 84.5
3198 0.31 1.09 1.49 1.95 2.23 2.89 0.0 0.0 32.1 40.3
3199 0.24 1.04 1.44 1.89 2.17 2.83 0.0 0.0 314 39.2
3215 -1.00 -0.72 -0.57 -0.38 -0.27 0.02 0.0 0.0 0.0 0.0
3216 13.41 13.83 14.05 14.33 14.54 15.32 50.6 53.6 55.9 56.2
3217 -2.76 -2.39 -2.16 -1.85 -1.67 -1.19 0.0 0.0 0.0 0.0
3218 -0.13 0.19 0.38 0.62 0.77 1.15 0.0 0.0 14.2 17.1
3219 1.36 1.68 1.86 2.10 2.25 2.62 0.0 0.0 10.8 12.3
3220 -0.91 -0.61 -0.45 -0.23 -0.09 0.26 0.0 0.0 1.7 5.5
3221 -5.68 -5.39 -5.22 -5.01 -4.89 -4.57 0.0 0.0 2.6 2.9
3222 1.11 1.40 1.56 1.76 1.88 2.18 0.0 0.0 12.1 14.8
3223 -2.92 -2.62 -2.45 -2.23 -2.10 -1.76 0.0 0.0 0.0 0.0
3224 -4.66 -4.36 -4.20 -3.98 -3.84 -3.49 0.0 0.0 0.0 0.0
3225 -2.40 -2.09 -1.91 -1.69 -1.54 -1.18 0.0 0.0 0.0 0.0
3226 -2.25 -1.86 -1.62 -1.31 -1.13 -0.64 0.0 0.0 0.0 0.0

Figure G.11 Example of FDA_StrucDetail.out — Frame 5

Structure Total Total Total Total Structure Structure Structure Structure Structure Structure
Name Damage at Damage at  Damage at  Damage at Damage at Damage at  Damage at  Damage at Damage at  Damage at
0.02 0.01 0.004 0.002 0.5 0.2 0.1 0.04 0.02 0.01
Probability  Probability  Probability | Probability ~ Probability Probability | Probability | Probability  Probability  Probability

0.02 0.01 0.004 0.002 0.5 0.2 0.1 0.04 0.02 0.01
3192 115.3 132.4 154.7 172.8 0.0 0.0 55.8 61.5 70.8 80.0
3193 82.6 99.2 108.8 131.3 0.0 0.0 32.7 44.2 50.6 59.4
3194 85.8 103.2 113.7 138.2 0.0 0.0 36.4 453 52.3 61.6
3195 139.5 163.9 178.1 211.6 0.0 0.0 55.3 71.8 83.8 96.9
3196 15.7 18.6 20.2 24.0 0.0 0.0 6.2 8.1 9.5 11.0
3197 100.6 118.7 129.6 155.4 0.0 0.0 41.0 51.9 60.5 70.2
3198 48.1 57.2 62.9 76.1 0.0 0.0 20.2 24.8 29.0 339
3199 47.1 56.1 61.7 74.8 0.0 0.0 19.8 243 28.5 333
3215 0.0 0.0 0.0 0.7 0.0 0.0 0.0 0.0 0.0 0.0
3216 56.4 56.4 56.4 56.4 30.9 322 33.7 339 34.0 34.0
3217 0.0 0.1 0.2 0.5 0.0 0.0 0.0 0.0 0.0 0.1
3218 18.0 19.1 19.8 224 0.0 0.0 10.2 11.6 11.6 11.6
3219 13.1 13.9 14.1 14.6 0.0 0.0 6.2 7.2 7.7 8.3
3220 7.6 10.3 12.1 14.2 0.0 0.0 1.4 4.0 5.5 7.4
3221 3.1 33 3.5 3.8 0.0 0.0 1.7 1.9 2.1 22
3222 16.4 18.4 19.5 20.7 0.0 0.0 1.0 1.3 1.5 1.7
3223 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0
3224 0.0 33 33 3.4 0.0 0.0 0.0 0.0 0.0 22
3225 0.0 0.0 0.0 0.8 0.0 0.0 0.0 0.0 0.0 0.0
3226 0.0 0.0 1.4 2.8 0.0 0.0 0.0 0.0 0.0 0.0

Figure G.11 Example of FDA_StrucDetail.out — Frame 6
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Structure Structure Structure Content Content Content Content Content Content Content Content
Name Damage at  Damage at  Damageat Damageat Damageat |Damageat Damageat Damageat  Damage at Damage at
0.004 0.002 0.5 0.2 0.1 0.04 0.02 0.01 0.004 0.002

Probability | Probability | Probability | Probability | Probability Probability  Probability | Probability  Probability | Probability

0.004 0.002 0.5 0.2 0.1 0.04 0.02 0.01 0.004 0.002
3192 91.8 102.9 0.0 0.0 32.6 36.9 44.5 52.5 62.8 69.9
3193 64.5 79.0 0.0 0.0 16.8 26.8 32.1 39.8 44.3 52.3
3194 67.2 83.5 0.0 0.0 20.8 27.5 335 41.6 46.5 54.7
3195 106.3 128.7 0.0 0.0 322 452 55.7 67.0 71.8 82.9
3196 12.0 14.6 0.0 0.0 3.6 5.0 6.2 7.6 8.2 9.5
3197 774 94.6 0.0 0.0 24.0 32.6 40.1 48.5 522 60.8
3198 37.5 46.3 0.0 0.0 11.8 15.4 19.1 23.4 25.4 29.8
3199 36.7 45.4 0.0 0.0 11.5 14.9 18.6 22.8 25.0 29.3
3215 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.5
3216 34.0 34.0 19.7 21.4 222 223 224 22.4 22.4 22.4
3217 0.2 0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
3218 11.6 12.6 0.0 0.0 4.0 5.5 6.4 7.5 8.2 9.8
3219 8.4 8.8 0.0 0.0 4.6 5.1 54 5.6 5.7 5.8
3220 8.6 9.4 0.0 0.0 0.3 1.5 2.1 2.9 3.4 4.7
3221 2.3 2.5 0.0 0.0 0.9 1.0 1.0 1.1 1.2 1.3
3222 1.8 2.0 0.0 0.0 11.0 13.5 14.9 16.6 17.7 18.7

Figure G.11 Example of FDA_StrucDetail.out — Frame 7

Structure Other Other Other Other Other Other Other Other Damage at 0.002 Probability
Name Damage at Damage at  Damage at  Damageat  Damage at Damage at  Damage at
0.5 0.2 0.1 0.04 0.02 0.01 0.004
Probability ~ Probability  Probability  Probability  Probability Probability | Probability
0.5 0.2 0.1 0.04 0.02 0.01 0.004 0.002
3192 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 E:\DATA\FDA\BearTrng\BB95A.S
3193 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 E:\DATA\FDA\BearTrng\BB95A.S
3194 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 EX\DATA\FDA\BearTrng\BB95A.S
3195 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 EX\DATA\FDA\BearTrng\BB95A.S
3196 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 EX\DATA\FDA\BearTrng\BB95A.S
3197 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 EX\DATA\FDA\BearTrng\BB95A.S
3198 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 EX\DATA\FDA\BearTrng\BB95A.S
3199 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 EX\DATA\FDA\BearTrng\BB95A.S
3215 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 EX\DATA\FDA\BearTrng\BB95A.S
3216 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 EX\DATA\FDA\BearTrng\BB95A.S
3217 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 EX\DATA\FDA\BearTrng\BB95A.S
3218 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 EX\DATA\FDA\BearTrng\BB95A.S
3219 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 EA\DATA\FDA\BearTrng\BB95A.S
3220 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 EA\DATA\FDA\BearTrng\BB95A.S
3221 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 EX\DATA\FDA\BearTrng\BB95A.S
3222 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 EX\DATA\FDA\BearTrng\BB95A.S

Figure G.11 Example of FDA_StrucDetail.out — Frame 8
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Appendix H

HEC-FDA Computation Procedures

H.1 Introduction

This appendix describes the computations used by the HEC-FDA package
to obtain the following analysis variables: 1) exceedance probability
curves; 2) project reliability; 3) expected annual damage, 4) flood damage
reduction benefits, and 5) probable flood stages conditional on the
occurrence of a particular exceedance probability event. These variables
are computed from various relationships that represent watershed runoff
and economic factors important to estimating flood damage (e.g.,
discharge-exceedance probability, stage-discharge and stage-damage
curves). The contributing relationships are characterized by both a best
estimate and the uncertainty in this estimate.

Contents

Monte Carlo Simulation

Sampling Algorithm for Numerical Integration
Uncertainty Distributions

Levee Analysis

Project Reliability and Flood Risk
Computation of Equivalent Annual Damage

H.2 Monte Carlo Simulation

H.2.1 Overview

Monte Carlo simulation (Davis and Rabinowitz 1967) is used in FDA to
derive the expected annual damage corresponding to a particular
plan/analysis year for a damage reach. The expected annual damage
(EAD) is the mean damage obtained by integrating the damage
exceedance probability curve for the damage reach. The damage-
exceedance probability function is obtained from the discharge-
exceedance probability, stage-discharge, and damage-stage functions
derived at a damage reach index location. The inclusion of uncertainty for
these variables requires a numerical integration approach be applied.
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Without uncertainty, the damage-exceedance probability curve can be
obtained directly without resorting to numerical simulation approaches.

Monte Carlo simulation is the numerical integration approach. It relies on
an exceedance probability analysis of samples of the contributing random
variables obtained from the generation of random numbers. Although
inelegant, the technique is computationally efficient in comparison with
other techniques as the number of contributing variables exceeds about
five.

H.2.2 Numerical Integration with Monte Carlo Simulation

Expected annual damage is the probability weighted average of all
possible peak annual damages. It is also termed the mean or expected
annual damage. As a simple example of computing a probability weighted
average, consider the rolling of a die. The probability of obtaining any
outcome of any roll of a die is 1/6, since the probability of obtaining any
face of the die is considered equally likely (at least if the die is fair). The
probability weighted average is then computed as:

i=6
Zdipi=%(l+2+3+4+5+6)=3.5 (1)
i=1

where d; is the possible outcome of rolling a die, and pi is the probability
of the outcome. The probability weighted average or expected outcome of
3.5 obtained in equation (1) could be obtained by performing a die rolling
experiment. The experiment would just involve many trials of rolling the
die and averaging the outcome. As the number of trials becomes large the
average obtained will equal 3.5.

Performing trials with the die is an application of a Monte Carlo
simulation to obtain an average. In rolling the die, random integers are
obtained in the inclusive interval 1 to 6, and a statistical analysis of the
outcome is performed to obtain an average. Consequently, Monte Carlo
simulation or application of Equation 1, are equivalent procedures for
obtaining the mean or expected value.

Other statistical characteristics of rolling a die could be obtained, such as
by performing a class category analysis on the outcomes to determined the
probability of obtaining any outcome. If this were done, the probability of
obtaining any die face in a single trial would be found to be 1/6.

This same type of sampling experiment can be performed to obtain EAD.
Computation of EAD is somewhat more difficult in that damage is a
continuous random variable, unlike the outcome of rolling a die, which
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has discrete outcomes. Consequently, damage probability is either stated
for an interval, or more typically as, the probability of exceeding a
particular value. These probabilities are defined by the damage
exceedance probability function or equivalently, the cumulative
distribution function as defined by:

ﬂD>d]=F¢»=TNDhD )

where D is the annual damage, F(D) is a function defining the damage
exceedance probability curve, f(D) is the probability density function
(units of probability per increment of damage), and P[D>d] is read as "the
probability that D exceeds d."

The probability density function can be used to calculate the EAD or
equivalently the probability weighted average damage by performing the
following numerical integration:

EAD = [Df(D)dD ~ ) DA, 3)
0

where the integral in equation (3) is approximated by a sum as in equation
(1), Ap is the probability of damage being in an interval, D; is the midpoint
damage of this interval, and N is the number of intervals (Figure H.1).

The approximation turns the integration of a continuous random variable
into that of a discrete variable much as in the computation of the average

Interval Average Damage, Di

Incremental Probability AP \

~— N\

Probability\Damage

Damage Increment

Damage
Figure H.1 Numerical Integration of Probability Density Function to Obtain EAD

outcome for rolling a die shown in Equation 1. The difference between
the equations is that Equation 1 is exact and the probability is for a
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discrete outcome; whereas, Equation 3 is approximate and Ap is an
interval probability.

The numerical integration is necessary because the damage-exceedance
probability function is not defined by a continuous analytic function
making an analytic integration impossible. Given that an exact analytic
value cannot be obtained, how good is the approximation provided in
Equation 3? The approximation can be made as accurate as possible by
decreasing the interval Ap, or equivalently, increasing the number of
intervals shown in Figure H.1 (page H-3).

Recognizing that equal probability increments implies that Ap=1/N, where
N is the number of increments in Figure H.1 (page H-3), Equation 3 can
be rewritten as:

EAD = ZN: D,Ap =

i
i=1 i=

i=N Di
N (4)

H.2.3 Computing Expected Annual Damage, Exceedance

Probability, and Event Probabilities

The inclusion of uncertainty in estimates of the variable contributing to
damage makes it possible to obtain both a best estimate of expected annual
damage and a distribution of possible values about this best estimate.
Additionally, an expected set of exceedance probability functions and
event conditional stages can be computed as a consequence of providing
these estimates of uncertainty.

The relationship between estimation uncertainty and the distribution of
EAD can be understood by considering a sensitivity analysis application to
computing EAD with a flow-exceedance probability curve, rating curve
and stage-damage relationship as shown in Figure H.2 (page H-5). The
figure shows that high-bound, low-bound and best estimates of each
relationship are combined to obtain a corresponding range in estimates of
EAD. This range in estimates could be thought of as defining a rough
distribution of possible EAD estimates. The difficulty with this sensitivity
analysis approach is that the relative likelihood of the range in estimates is
not known.

Monte Carlo simulation is used to improve on the sensitivity analysis by
integrating all possible random occurrences of the contributing
relationships as shown in Figure H.3 (page H-6). This differs from the
basic Monte Carlo application described in the previous section by
obtaining a random sample of relationships or random functions instead of
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Figure H.2 EAD Computation Sensitivity Analysis

obtaining a random sample of individual values. The algorithm used to
obtain random samples of each relationship is described later.

The Monte Carlo algorithm used to obtain the distribution and best
estimate of EAD, expected exceedance probability curves and event
related conditional stage exceedance probability proceeds as follows:

1. Obtain a random sample of the contributing relationships
Each relationship is sampled to obtain a single realization of the
discharge-exceedance probability, the stage-discharge (rating) and
the stage-damage functions.

2. Compute exceedance probability curves
Compute the stage-exceedance probability function by using the
rating curve to transform the sample discharge-exceedance

H-5
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Probability Probability

pa

i%/

ith
Sample

L

Flow

Stage
Damage

Discharge Probability Probability

Integrate

EAD;
Sample

Damage

Stage Stage

Figure H.3 Monte Carlo Simulation Algorithm for Estimating EAD

probability function into a stage-exceedance probability curve;
and, compute the damage exceedance probability function by using
the sample stage-damage function to transform the stage-
exceedance probability curve into a damage-exceedance
probability function.

3. Save intermediary results for computing expected exceedance

probability curves

Intermediary results are saved for the computation of expected
exceedance probability functions by adding discharges, stages and
damages for specified probabilities to values summed for previous
simulation.

4. Save intermediary results for computing event conditional

stage probabilities

Event conditional stages are saved for later estimation of
conditional stage exceedance probabilities. The stages are
conditional on specified exceedance probabilities (e.g., conditional
on the 0.1, 0.02, 0.01 stage being exceeded). The stage for each of
the events of interest is saved in a stage class interval. For

H-6
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example, consider that a stage of 21.56 corresponds to the 0.01
exceedance probability for the sample stage exceedance
probability curve obtained in Step 2. This value is saved in a
predetermined class interval that may have minimum and
maximum limits of respectively, 21.0 and 22.0.

Save intermediary results for computation of EAD

The EAD for the sample contributing relationships is computed by
integrating the damage exceedance probability curve. This value is
both added to a sum of EAD values from previous iterations and
saved in a damage class interval.

Repeat sampling Steps 1 through 5

Additional samples of exceedance probability curves and EAD are
obtained by repeating Steps 1 through 5. Sampling ceases when an
accuracy criterion is met.

Compute expected exceedance probability curves

Divide the summed values obtained in Step 3 for discharge, stage
and damage for each exceedance probability by the number of
samples.

Compute conditional event stage distributions

The process in Step 4 of placing stages in class intervals results in
an exceedance probability histogram of stages for each exceedance
probability event of interest. Table H.1 (page H-8) provides an
example of some possible results for the 0.01 exceedance
probability event. As shown in the table, the exceedance
probability histogram is converted into an event conditional
exceedance probability function.

Compute best estimate of EAD and Distribution of EAD

The best estimate of EAD is computed as the average of the
samples summed in Step 5. The class interval exceedance
probabilities for EAD are converted to an exceedance probability
distribution using the same procedure for event conditional stages
(Table H.1, page H-8).

In performing this simulation, only the stage versus total damage
relationship is used to obtain the damage exceedance probabilities
function and corresponding EAD. Damage-exceedance probability
functions and EAD for damage categories are proportioned in the
same ratio as the traditional (no uncertainty) category damage is to
the tradition total damage values.
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Table H.1
Calculating Event Conditional Stage Exceedance Probability
from Monte Carlo Simulation Frequencies

Lower Upper
Limit Limit Cumulative | Cumulative | Exceedance
Stage Stage Frequency Freguency Probability | Probability
<21.0 21.0 200 200 0.01 0.99
21.0 22.0 5000 5200 0.26 0.74
22.0 23.0 10000 15200 0.75 0.25
23.0 24.0 5000 20200 0.99 0.01
24.0 25.0 100 20300 1.0 0.0
25.0 25.0> 0 20300 1.0 0.0

H.2.4 Monte Carlo Simulation Options for Calculating EAD

The Monte Carlo simulation can be expanded to include other contributing
relationships in the calculation of EAD. Table H.2 describes the options
for including other relationships. Notice that some relationships involve
uncertainty calculations and others (levee effects and interior stage versus
exterior stage relationships) are specified without uncertainty. The

Table H.2
Contributing Relationships Used in EAD Calculation

Contributing Uncertainty Distribution
Relationship

Flow/stage frequency curve yes

Flow transform yes

Rating curve yes

Wave overtopping of flood wall or levee yes

Levee impact on damage no

"Exterior versus interior stage no

Stage versus damage yes

Used to directly convert exterior river stage, interior levee failure stage, or with wave overtopping

inclusion of additional relationships does not require any new aspect of
performing the simulation except to require the creation of additional
random samples of another relationship. For example, Figure H.4 (page
H-9) displays the additional step of using the flow transform to convert a
reservoir inflow-exceedance probability curve to a regulated exceedance
probability curve.

H-8
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Figure H.4 Adding Computation of Regulated Outflow to Monte Carlo Algorithm
for Computing EAD

H.3  Sampling Algorithm for Numeric Integration

H.3.1 Overview

Application of Monte Carlo simulation requires a method for producing
random samples and criteria for determining the number of samples
needed to obtain a numerical integration with pre-specified accuracy. The
algorithms (previously described) produce random samples of the
contributing relationships that are combined to obtain samples of EAD,
exceedance probability functions and event conditional stage probabilities.
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This sampling depends on the algorithm for generating random numbers.
The generation of random numbers and the random sampling of
contributing relationships is the means by which Monte Carlo simulation
performs a numerical integration. As previously discussed, the numerical
integration accuracy increases with the number of simulations. The
criteria used to determine the number of simulations for a desired level of
accuracy is described in the next section. The related problem of
obtaining a numerically accurate integration of the damage-exceedance
probability function is also discussed later.

H.3.2 Sampling from the Log-Pearson Il Distribution

Random samples of a log-Pearson I1I (LPIIT) exceedance probability curve
are obtained from random samples of the mean and standard deviation of
the logarithm of the flow, computing a log-normal relationship and
adjusting for the skew of the distribution. This scheme produces the same
sampling variability inherent in the calculation of confidence limits and
expected probability as described in Bulletin 17B (IACWD, 1982), the
federal guidelines for performing flood-flow exceedance probability
analysis.

The random sampling is based on a Bayesian statistical approach for
assessing uncertainty (Stedinger, 1983). A goal of Bayesian estimation is
to develop the distribution of possible population parameters (the posterior
distribution) by combining statistics of the observed sample (e.g.,
observed stream flows), and other information on the probable range of
population parameters (the prior distribution). In this instance, the prior
distribution is based on the assumption that an equally likely set of parent
populations could have produced the estimated sample mean, standard
deviation and resulting log-normal distribution. The resulting posterior
distribution of the population mean and standard deviation is given by:

Plu>m]=F(u)= CD(Y,%J (5)

P[O'2 >S]: F(az):(l\lzﬁ (6)

(N-1)

where X and S are respectively the sample mean and standard deviation
of the logarithm of flow values obtained from a record length of N years, p
is the population mean, ®( ) is the normal distribution defined by the

parameters shown, o is the population standard deviation, and )(fN _,y is the

chi-square distribution with N-1 degrees of freedom. Random estimates
of the log-normal distribution are obtained by generating random
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estimates of normal and chi-square numbers, applying Equations 5 and 6
to obtain p and ¢ and computing the distribution (Figure H.5).
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Figure H.5 Random Samples of Normal Populations from Population
Parameters |, 6

This scheme for computing uncertainty does not account for the effect of
shape or skew that is a characteristic of the LPIII distribution. This
omission of the sampling uncertainty in skew is in keeping with the
approach taken in the Bulletin 17B guidelines where sampling error is
only estimated for a log-normally distributed variate. Consequently, the
sampling scheme used for the LPIII distribution follows the Bulletin 17B
method of computing uncertainty for a log-normally distributed variate
and applying this uncertainty to an LPIII distribution with the same mean
and standard deviation as the log-normal distribution. Given this
estimation of uncertainty, the samplings of the LPIII distribution (see
Figure H.6, page H-11) proceeds as follows:

1. Compute log-normal and LPII1 distributions from sample

statistics
The log-normal and LPIII distributions are calculated using the

following frequency factor equations:

log,,Q° =X +Z,S (7)

log,, Qg =X + KG,PS 3)
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Figure H.6 Random Selection of LPIII Distribution from Random
Log-Normal Distribution

where Q" and Q are respectively the flows for the log-normal and

LPIII distribution, Z, is the standard normal deviate and K¢ p is the
LPIII deviate for a sample skew G, and exceedance probability P.

Randomly select a sample normal distribution

Utilize Equations 5 and 6 to obtain a sample of the population
mean and standard deviation. Compute the log-normal distribution
from the population values as:

log,, Q' =u+Z,0 ©)

Calculate the random probabilities resulting from the randomly
selected normal distribution

Compute the random probability associated with the randomly
selected normal distribution for a discharge with exceedance
probability computed from Equation 7 as:
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o

p_ q)—l(wj (10)

where Q7 = Q" is the flow value computed by Equation7 for

exceedance probability P and @' is the inverse normal distribution
(i.e., given a flow value, the inverse provides the exceedance
probability).

4. Utilize the random probabilities to obtain a random sample of the
LPIII frequency curve

Assign the random probability P to a flow value Qg = Q¢ , where
Q. was obtained from Equation 8. Compute as many pairs of P,,

Q values as needed to adequately define the sample LPIII
exceedance probability curve.

H.3.3 Random Sampling of Graphical or Non-Analytic
Relationships

The sampling of non-analytic or graphical relationships is necessarily ad
hoc because a statistical sampling theory is not available. The algorithm
used in this instance applies to any of the other contributing relationships
used in the computation of EAD: 1) non-analytic stage or graphical
exceedance probability curves; 2) discharge transforms; 3) rating curves;
4) wind waves and 5) stage damage relationships.

Random sampling of any of the graphical relationships is done by
calculating the values for a particular confidence limit (see Figure H.7,
page H-13). The algorithm is simply employed by: 1) generating a
uniform random number between 0 and 1; and 2) calculating the
confidence limit values for the particular relationship of interest. For
example, if 0.95 is the value resulting from the randomly selected value,
then the 95% chance confidence level confidence limit is calculated as the
randomly selected relationship for the algorithm described previously.
Note, that the confidence limit for a contributing relationship is randomly
selected independently of other confidence limits randomly selected for
other contributing relationship used in the Monte Carlo simulation.

Classical statistical theory cannot be used to justify sampling possible
population values from confidence limits as is done with this algorithm.
Instead, justification for this algorithm must be sought from the sampling
of the log-Normal distribution described in the previous section, which
relies on a Bayesian approach. As was pointed out, the Bayesian approach
results in the same uncertainty distribution for population values as is
obtained with a classical statistical approach to obtain the uncertainty

H-13
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Figure H.7 Sampling of Non-Analytic or Graphical Relationships

distribution used in the 17B guidelines. In the case of the approach for
graphical exceedance probability curves, the sampling from confidence
limits obtained from an uncertainty distribution might be justified in
analogy with this Bayesian approach.

The difficulty with this algorithm is that the sampling based on confidence
limit values is very restrictive on the possible shapes of the graphical
relationship. This restriction on shape results in some overestimation in
the variance of the derived distribution of EAD. However, generalizing
the shapes used in the sampling algorithm depends on some parametric
representation of the graphical relationships. The representation is not
available, leaving the current algorithm as the best available at this time.

H.3.4 Random Sampling of Uncertainty Relationships

Using a Random Number Generator

The sampling of uncertainty distributions depends on the generation of
uniform random numbers in the range 0.0 to 1.0 by the linear congruential
method (Davis and Rabinowitz, 1967) and the transformation of the
uniform numbers to the distribution desired. The linear congruential
method takes the form:

X = (aXn +rbn)modm (11)
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where X, is the previous number selected, X+ is the current number to be
generated, a and b are constants, m is a constant known as the modulus,
and "mod" is the modulus or remainder function. The sequence is started
for n=1 by a seed value that is set to a default value within the software.
The selection of the constants and seed value is critical for an effective
generation's scheme. This generation scheme, as well as any other using a
computer algorithm, is considered to produce pseudo-random numbers
because the sequence repeats with period depending on the selection of the
constants in equation (11). The constants are selected as shown in Table
H.3 to obtain a long period of random numbers that is approximately equal

to the size of the modulus, m. The resulting sequence of numbers has

characteristics that are effective for performing numerical integration with

Monte Carlo simulation.

Table H.3
Constants for Linear Congruential Method*

seed

1331124727

a

65539

b

0

m

2147483647

! Constants appropriate for 32-bit machine. Used in

Equation 11.

The uniform random numbers can be used to randomly sample the

graphical relationship directly. As described in the previous section, a
number selected at random between 0.0 and 1.0 can be used to select the
confidence level for selecting a graphical curve.

The application to the LPIII distribution requires that deviates from both a

normal distribution and a chi-square distribution be obtained from a
transformation of the numbers randomly sampled from a uniform
distribution. The normal deviates can be obtained from the following
transform due to Box and Muller (1958) (also see, Press et al., 1989):

|

n =

n. , =

i+1

where u; and u;: are numbers randomly selected from a uniform

ui-¢—1|:

_ 2In(s)

S

|

S

_2m@q

(12)

(13)

distribution defined between -1.0 and 1.0, n; and n;;; are numbers that will
be normally distributed, and s is computed as:

2
i+1

s=(u>+u

5

s>1.0

(14)
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The application of this transform is accomplished by converting the
uniform numbers generated over the range 0.0 to 1.0 in Equation 11 by
letting u; = 2(X;) - 1.0. When the resulting uniformly distributed numbers
result in s < 1.0, the current pairing is discarded and a new pair is
generated. On the average, about 1.27 uniform random variates are
needed to generate a single normally distributed variate.

Chi-square deviates are obtained by applying the inverse theorem (see
Mood et al., 1969, theorem 12, Chapter 5). This theorem is applied by
interpolating a chi-square variate from a table of the chi-square cumulative
distribution function given a random probability equal to a number
generated from the uniform distribution using Equation 11. The algorithm
used to compute the chi-square distribution was obtained from Press et al.
1989, pg 160. The algorithm utilizes the following relationship between
the chi-square and incomplete gamma function:

Pl <yl=Glax)=[ett'dt  0<x<w (15)
0

where N is the period of record used to compute the sample standard
deviation of the LPIII distribution, a = (N-1)/2, x = (y/2), and G( ) is the
incomplete gamma function.

H.3.5 Numerical Error Tolerance for Simulations

The numerical integration accuracy of the Monte Carlo simulation
improves with the number of simulations. The accuracy criteria
developed for the simulation relies on the central limit theorem for the
mean and the asymptotic normality of uncertainty distributions about
exceedance probability curves. The central limit theorem (see Mood et al.,
1969) states that the sample mean of any random variable is
asymptotically normally distributed about the population value. In the
case of this application of Monte Carlo simulation, the sample EAD
results from a finite number of simulations, and the population value is the
value that would be obtained from an infinite number of simulations (i.e.,
the no numerical error solution).

The following confidence limit results from asymptotic normality of the
sample EAD:

=1.0-«a (16)
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where Mgap is the average EAD obtained from n simulations, pgap is the
numerical error EAD, S is the standard deviation of the damage
exceedance probability curve estimated after n simulations, and z;_, is the
standard normal deviate for confidence level a. This confidence limit can
be rearranged to produce an error bound of the numerical integration error:

Z,,S _ Mo — Heap <g (17)
I\/IEAD\/ﬁ M EAD

where ¢ is a tolerance for the confidence level a. The error bound is set in
the software such that 0=0.95, €=0.01 and n<500,000. If the limiting
number of simulations is reached the computation of EAD terminates with
a warning.

A similar error bound is computed for exceedance probability function. In
this case, the computed quantile (e.g., flow, stage or damage) is the mean
value derived for the exceedance probability of interest. The error bound
focuses on the exceedance probability where the corresponding quantile
has the largest estimation standard error. This estimation standard error is
set to S in Equation 17 and computed as part of the simulation. The
confidence limit and tolerance are set equal to that used for the error
bound of EAD. The simulations will terminate only when the error
tolerance for both estimating exceedance probability function and EAD is
met or when the maximum number of simulations is reached.

The error bounds constrain the numerical integration error of the
simulation but does not reduce the uncertainty in estimates of EAD or
exceedance probability curves. The uncertainty in estimate is a function
of the error in models and estimates of parameters as indicated by the
uncertainty distributions provided. The uncertainty shown by the
sensitivity analysis depicted in Figure H.2 (page H-5) is not altered by the
number of simulations performed. Rather, the number of simulations
reduces the numerical error involved in combining the relationships via
the algorithm depicted in Figure H.3 (page H-5).

H.3.6 Integrating the Damage-Exceedance Probability
Function to Obtain EAD

The final computation in an individual Monte Carlo simulation is to
integrate the damage-exceedance probability function to obtain a sample
value of EADi as shown in Figure H.3 (page H-5). The damage-
exceedance probability function is not analytic being derived from rating
curves, stage-damage relationships, etc., that are not analytic.
Consequently the following trapezoidal integration scheme is used to
obtain an estimate of EAD;:
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EAD, = [ Df,(D)dD ~ "D, f;;AD; ~ (p,=p,..)+D,p,+Dyp, (18)
0

j=1 j=2

where fi(D) is the probability density function (PDF) obtained from the ith
simulation, for annual damage, D; h is the number of incremental

intervals of size AD used to approximate the differential dD; D_J and Tj
are the average values of D and fi(D) over this interval, and the difference
of exceedance probabilities over this interval (p ;=P j+1): f;AD ; and,

Dip; and Dypy, are end point approximations to the end intervals of
integration, zero and infinity. The assumption is made in the software that
D; =0, resulting in D;p; = 0.

The trapezoidal rule approximation accuracy improves with increasing
number of intervals, h. The number of intervals is determined by
computing EAD for damage exceedance probability curves determined by
a sensitivity analysis such as shown in Figure H.2 (page H-5) prior to
performing the Monte Carlo simulation. The sensitivity analysis is
performed by obtaining damage exceedance probability curves by
combining confidence limit estimates of the contributing relationships at
the same confidence level. The confidence limits investigated are
obtained for confidence levels, 0.5, 0.75, 0.25, 0.9, 0.1, 0.99, 0.01, 0.999,
0.001.

The number of intervals, h, is obtained by performing recursive integration
for each confidence limit investigated in the sensitivity analysis. The
recursive procedure involves: 1) selecting an interval size; 2) computing
EAD:; 3) dividing the interval size in half, where appropriate, and re-
computing EAD; 4) computing the relative difference between EAD
values obtained in steps (2) and (3); and 5) determining if the relative
difference in step (4) is less than 1%; if this tolerance is met; then the
interval used in step (2) is selected; otherwise steps, 2-4 are repeated with
the interval size used in step (3) used in step (2). The division of interval
sizes in step (3) is only performed when the interval size reduction will
make a significant difference to the computation of EAD. This limits the
number of intervals used which is important to the computational
efficiency of Monte Carlo simulation. The more intervals used, the more
computational time required to perform a simulation. Intervals are divided
until the error tolerance is met or the maximum number of 200 is obtained.
Experience has shown that 200 intervals provide sufficient accuracy given
the data typically available.
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H.4  Uncertainty Distributions

H.4.1 General

The estimation of uncertainty distributions for the contributing
relationships will involve a certain amount of judgment, except for the
case of a flow or stage exceedance probability curve where the uncertainty
is determined from the length of record. The judgment used in estimating
uncertainty for other contributing variables should correspond to the same
factors contributing to uncertainty in the exceedance probability curves.
The uncertainty in the exceedance probability functions is due to the
estimation uncertainty in the parameters, which are the mean and standard
deviation for the LPIII (the skew being ignored).

This focus on parameter uncertainty effectively examines the uncertainty
in the mean relationship given a set of scattered observations. In other
words, the focus is on the uncertainty in fitting an exceedance probability
function to an observed set of plotting positions and does not reflect the
scatter of the plotting positions about the best estimates.

To understand the difference between uncertainty in fitted relationships
and the uncertainty due to scatter, consider a split sample exceedance
probability analysis of a gage having 100 years of record. Estimate both
pairs of frequency curves and determine the top ranked event from
separate 50-year records. In general, the difference between the 1%
chance flow estimated by the frequency curves will be considerably less
than the difference between the top ranked events. The smaller variation
in the fitted relationships, as compared to the plotting positions, represents
the difference between uncertainty for best fit relationships and that for
scatter about these relationships. If uncertainty in the contributing
relationships such as rating and stage-damage curves is based on scatter,
then the specified uncertainty will be too great. This in turn will probably
increase the magnitude of the EAD best estimate and certainly increase the
variance of the EAD distribution.

Therefore, the principle focus of estimating uncertainty should be on the
potential variation in the best estimate of the contributing relationship.
Consequently, if a sensitivity analysis is performed to determine the
uncertainty in a contributing relationship, such as in varying Manning n to
determine errors in rating curves, then the parameters varied should be
reasonably likely to occur together. Combining extreme parameter values
probably reflects scatter rather than the reasonable variation in a fitted
relationship.

The error distribution about exceedance probability curves is determined
by the effective record length and the type of exceedance probability curve
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specified. In the case of the LPIII distribution, the uncertainty is
computed as described previously. Also, refer to ETL 1110-2-537 (Corps
of Engineers, 1995) for the method used to calculate the uncertainty
distribution for non-analytic (graphical exceedance probability curves).
Normal, log-normal and triangular error distributions are available for
specifying uncertainty about other contributing relationships, as is
described in the next two sections.

H.4.2 Triangular Error Distribution

The triangular distribution is the simplest available for use with
contributing relationships that are not exceedance probability functions
(see Figure H.8, page H-20). This triangular distribution is specified for
either: 1) each paired value describing the contributing relationship (e.g.,
discharge- stage function); or 2) for a specified value in the paired
relationship (e.g., for 1000 cfs corresponding to a stage of 10.0 feet). In
the case of the specified value, the bounds on the error distribution are
linearly interpolated to zero for values less than this specified value and
remains unchanged for values greater than this value.

The parameters of the distribution are the mode and the range. The mode
is the most frequently occurring value, or the peak of the probability
density function for the triangular distribution. The range is simply
defined by the minimum and maximum possible values for the dependent
variable in the paired relationship.

Inspection of Figure H.8 (page H-20) shows that the triangular distribution
need not be symmetric. The effect of the asymmetry is to cause the mean
or expected value associated with the triangular distribution to be different
than that for the mode. Consequently, Monte Carlo simulation will
produce on the average a contribution relationship that is different than
might be assumed to occur when specifying the mode as a no uncertainty
estimate of the relationship.

H.4.3 Normal and Log-Normal Distributions

The normal distribution is specified by a mean and standard deviation of
the errors (see Figure H.9, page H-21). The log-normal distribution also is
specified by a mean and standard deviation of the logarithms (base 10) of
interest. Consequently, estimation of the errors needs to be performed in
log space for this distribution. For example, the paired values of discharge
and stage should be plotted on log;o.logi scale; and the best fit
relationship and the errors should be determined from this scale. The
relationship is then specified by the untransformed best fit values (i.e. by
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Expected Relationship from
Monte Carlo Simulation
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Figure H.8 Triangular Distribution Application

taking anti-logs of the best fit) together with the standard errors of the
logarithms.

The normal distribution is symmetric with respect to the mean.
Consequently, the mean or expected relationship obtained from the Monte
Carlo simulation will be the same as the specified relationship. This
differs from the average result obtained with an asymmetric triangular
uncertainty distribution as explained in the previous section and shown in
Figure H.9. The estimation of the log-normal distribution is most
conveniently performed in log-space, thus reducing the problem in
estimating a normally distributed log variate. However, the log-normal
uncertainty distribution is asymmetric when plotted on a linear scale, and,
like an asymmetric triangular distribution, will result in an average
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Figure H.9 Normal Distribution of Errors

relationship that differs from the specified relationship when performing a
Monte Carlo simulation.

H.4.4 Application to Stage versus Damage Relationships

The Monte Carlo simulation algorithm reduces the computational effort
required by only computing total damage. However, stage versus damage
is specified for each damage category with a corresponding uncertainty in
the estimates. The total damage is easily obtained by aggregating the
specified (no uncertainty) estimates in the case of triangular and normally
distributed uncertainty distributions. Logarithms of the specified
estimates are added in the case of log-normally distributed uncertainty
distributions.

The uncertainty distributions are not so easily aggregated. The
assumption is made that the uncertainty estimates are uncorrelated.
Consequently, the standard errors of the normal distribution and the log
standard errors for the log-normal distribution can be added by summing
these standard errors squared and taking the square root (variances added).
The triangular distribution is handled in the same manner in that the
maximum and minimum ranges are added to obtain the range of an
equivalent triangular distribution.
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H.5 Levee Analysis

Computation of damage exceedance probability functions with levees is
straight forward when the levee only fails due to overtopping, but requires
some additional computations when geotechnical failure can occur. The
computation of the damage exceedance probability curve for levee failure
due to overtopping only is easily done by setting the zero damage point to
a stage corresponding to the top of levee. The integration of the damage
exceedance probability curved using equation (18) to obtain EAD is then
applied as without a levee.

The computation of the damage exceedance probability curve when
geotechnical failure is possible needs to consider the probability of failure
below the top of levee. The damage exceedance probability curve is
calculated in this situation as follows (Figure H.10):

Geotech failure
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Figure H.10 Damage Considering Levee Geotechnical Failure

P[djSD<dj+l =(pj—p,-+1)p P, <P, (19)

f
i
2

where P[d;-< D < d;:; ] is read as "the probability that the annual damage,
D, will be in the interval d;.i< to d;"; pm is the exceedance probability
corresponding to the stage that cannot cause damage due to geotechnical
or overtopping failure; p; and p;+ are the exceedance probabilities for
stages that cause damage corresponding to di< and d;+ in the absence of
the levee; and p jfﬂ ,, 1s the failure probability of the levee for the stage
with exceedance probability midway between p; and p;+1. Equation 18

then can be applied to this damage exceedance probability curve to obtain
EAD by letting:

d,+d,,

D, = 5

(20)
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H.6

H.7

and substituting:

(pj - pj+1)pjf+1/2 _>(pj - pj+1) (21)

Project Reliability and Flood Risk Computations

Reliability is computed as the exceedance probability for a target stage or
the likelihood of levee failure. Flood risk is defined as the probability of
one or more exceedances of the target stage or levee failures in a specified
number of years.

The target stage is determined by interpolation from the stage versus
damage relationship using a specified fraction of a damage for a specified
exceedance probability . This damage is determined from a damage-
exceedance probability function obtained by combining traditional
estimates of the contributing relationships (i.e., contributing relationships
without uncertainty) for the without-project condition.

The exceedance probability for this stage or the levee failure probability is
specified as both a "median" and “expected” value. The median value is
obtained from the stage-exceedance probability curve obtained by the
traditional (no uncertainty) method. The expected value is obtained by
averaging the target stage or levee failure probability over all the Monte
Carlo simulations.

The risk of flooding one or more times in Ny years is computed as:
R=1-(1-p)™ (22)
where p is either the probability of exceeding the target stage or levee

failure. An expected value of R is reported as the average over all Monte
Carlo simulations.

Computation of Equivalent Annual Damage

Equivalent annual damage is computed by discounting future EAD values
given the appropriate interest rate and time for discounting. The
computation is described in detail elsewhere (HEC, 1984). This
computation is applied to not only the best estimate of EAD but to the
distribution of possible EAD values obtained as part of the Monte Carlo
simulation. This results in a distribution of equivalent annual damage.
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Inundation Reduction Benefit Computations

Inundation reduction benefits are computed as the difference between
with-and without-project equivalent annual damage. This differencing is
performed between the distribution of equivalent annual damage values
obtained for both with-and without-project condition resulting in a
distribution of equivalent annual damage.

The differencing of uncertainty distributions in this manner recognizes
that irrespective of the plan, the future exceedance probability of events
causing floods will be the same for all plans. Consequently, differencing
these distributions results in the same answer as would be obtained by
obtaining the distribution of net benefits by performing Monte Carlo
simulation of damage differences.
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