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EAD
Expected Annual Flood Damage Computation
Software Distribution and Availability Statement

The EAD executable code and documentation are public domain software that was developed by
the Hydrologic Engineering Center for the U.S. Army Corps of Engineers. The software was
developed at the expense of the United States Federal Government, and is therefore in the public
domain. HEC cannot provide technical support for this software to non-Corps users. See our
software vendor list (www.hec.usace.army.mil) to locate organizations that provide the program,
documentation, and support services for a fee. However, we will respond to all documented
instances of program errors. Documented errors are bugs in the software due to programming
mistakes not model problems due to user-entered data.



Expected Annual Flood Damage Computation
User’s Manual

Table of Contents

Introduction . . . .. .. e e e e e e e e 1
Origin of Program . .. ... ..ttt ittt ittt et e e e e e e 1
Program Capabilities . . ... ... ...ttt ittt et e e e e e 1
Hardware and Software Requirements . ..................c0uiiiuennnenennn.. 2
Future Program Development . . ... ... .. ... ...ttt ittt 3

Program Description . . .. .. ... ...ttt ittt ittt e e 4
Basic Principles . . . ... ..o e e e e e 4
Reach Selection . . . ... ... .. i it e e et e e 5
Flood Plain Management Plans . ... ... ....... ...t 5
Input Data Years . ... v it i ittt it e e e e e e 5
Stage Versus Flow Matrix . ... .. ...ttt ittt ittt ittt ee et ee e 6
Damage Matrix . .. ... .o ittt e e e e e e e, 6
Frequency Matrix ... ... ...t tin ittt ittt ettt e, 7
Specific Event Flood Damage . ... ... .. ...ttt ineneuetntneneeteenenennns 7
Expected Annual Flood Damage . ........... ...ttt entnenenenennnennns 7
Affluence Factor . ... ... .. ... e e e e e 8

Useofthe RV Record . .......... ..ttt entnnennenonnnnn, 8
Useofthe RCRecord . . . .. ..ot i ittt it ittt ittt et et e eeieennn. 8
Equivalent Annual Flood Damage . ......... ...ttt tmieennnennnennnn. 10
Inundation Reduction Benefits . . ... ... ... ...ttt 11

Input Preparation . .. .. ... ...ttt i e e e e e e e 12
General Description . . .. ... ... .. i e e 12
Program Input Hierarchy . . .. ... ... ... . . . it ittt i 12
Title Records . .. ... ittt i i e e e e e 13
Job Records . . ... ... e e e e e e e e 13

JI: First Job Record . .. ... . it i e e e e e e 13
Jd2: Second Job Record . ... .. ... . i e e e e e e 14
CN: Damage Category Names ... ...... ... .0t tnimeneeneenennnnn. 14
CI. Damage Category Price Index .. ...... ... ... ... . . i, 14
PN: Flood Plain Management Plan Names . . ............. ... . ... ...... 14
DY: Input Data Years . ... ... ...ttt ittt et e 14
ZW: HECDSS Storage of Results ... ... ..... . ...ttt i, 14
Reach Data Records ... ... ...ttt it ittt it e e 15
PP: Printout and Punch Options . . . . ... ... ... ... .. . ..., 15
RN: Reach Name . ... ... ...ttt ittt et e e 15
RV: Revision of Data . .. ...... ... ittt it te i tenenann, 15
FR: Frequency Vector . .. ... .ci ittt ittt ttineten et 15
QF: Flow Vector for Flow-Frequency Matrix . . ... .........c.. ... 16
SF: Stage Vector For Stage-Frequency Matrix . .. ... ... ..., 16
SQ-QS: Stage-Flow Matrix . . ... ...ttt ittt et ettt et e e 16
SD: Stage Vector in Stage-Damage Matrix . ............. ... 16
QD: Flow-Damage Data . ... ... ... ... ittt 16
DG: Damage Data . ... ... ..ttt ittt 16
RC: Residential Content Affluence Adjustment . ... ... ....... . ... .......... 17
DZ: DSS Damage Category Aggregation . ... ... ... ...ttt eneennnnnn 17
ZR: HECDSS Pathname Retrieval . . .. ... ... ... . .. . .0, 17
End of Data Records . . ... ..ot i it ittt ittt et et et e e e 17
EP: End-of-Plan .. ... ...ttt e e e e e e 17
ES: End-of-Subreach . . ..... ... ... . e e 17
ER: End-of-Reach . ...... ... . . . . . .. it e e e 17
Ed: End-of-dob . .. ... e e e e e e e e e e e e e e e e 17



Expected Annual Flood Damage Computation
User’s Manual

Output Display . . . ... e e e e e e e e e 18
Imitial Job Data . ... ... .. ... e e e e 18
Reach Input Data . ... ... ...ttt ittt ittt ettt ene e 19
Damage Results . ... ... ... ittt ittt ittt it 20
Period of Analysis . ... ... ...ttt i e e e e 20
Output SumMmAaries . ... ... i ittt e et e e e e e 20
End-Message . ... it e e e e e e e e e e e e e 20

D= (=) =3 o T 28

Exhibits

Exhibit 1: Effects of Flood Plain Management Measures on Stage, Damage, Flow, and

Frequency Functions . . ... ... ... . ... ittt osennnaneess 31
Introduction . ... ... e e e e e e et e e e e 33
UMY . . ..ottt e e e e e e e e e e 44
Exhibit 2: Damage-Frequency Integration Procedure ............................. 45
Introduction ... ... ... .. ...t e e e e 47
Exceedance Frequency Matrix . ... .. ... ... ... i e 47
Computation of Damage . . ... .. ... ittt e e e s 47
Integration . ... ... .. . e e e e e e e e 48
Exhibit 3: Example Computation ............ .. .. .. . i 51
Introduction . . ... ... ... .. e e e e e e 53
Damage-Frequency Matrix . . ... ... ...ttt ees ettt 53
Single Event Flood Damage . ... ... ... ... ..ttt 58
Expected Annual Flood Damage .. ... ... ... ..ttt et eieeean.. 58
Equivalent Annual Flood Damage . ........ ... ... ...ttt umannnnen.. 58
Exhibit 4: Test Examples of Input and Output . ... ....... ... ... .. 63
Test Example 1: Computation of Damage for Events . ......................... 65
Test Example 2: Period of Record Analysis ... ...........0 i, 77
Test Example 3: Retrieval of Damage Data from HECDSS ...................... 102
Test Example 4: Computation of Affluence Using RC Records . .. ................. 121
Exhibit 5: Use of HECDSS With the EAD Program .............. ... ... 133
Overview of HECD S S . . . ... ittt ittt e ettt it 135
Retrieving Matrices From HECDSS File . . . .. ... .. ... .. ittt 138
Storing Matrices In the HECDSS File ... ... ... .. ittt it 140
Type of Matrices . ... ... . i ittt ittt e ettt e e e e e e e e e 141
Expected Annual Damage or Equivalent Annual Damage ..................... 141
REACH-EAD . ... ittt ittt ittt tia ettt 142
CATEGORY-EAD . ... ittt e e e et ettt 143
PLAN-EAD ... ittt e e e e e 144
Damage-Frequency Matrix ... .. ... ...ttt tennieennnenan 145
Exhibit 6: EAD Input Description . . .. .. ..ottt ittt e e 147

Exhibit 72 Summary of EAD Records . . ... ...ttt 177

ii



Figure 1:
Figure 2:
Figure 3:
Figure 4:
Figure 5:
Figure 6:
Figure 7:
Figure 8:
Figure 9:

Figure 10:
Figure 11:
Figure 12:
Figure 13:
Figure 14:
Figure 15:
Figure 16:
Figure 17:
Figure 18:
Figure 19:
Figure 20:
Figure 21:
Figure 22:
Figure 23:
Figure 24:
Figure 25:
Figure 26:

Table 1:
Table 2:
Table 3:
Table 4:
Table 5:
Table 6:
Table 7:
Table 8:
Table 9:
Table 10:
Table 11:
Table 12:
Table 18:
Table 14:
Table 15:
Table 16:

Expected Annual Flood Damage Computation
User’s Manual

List of Figures

Input Data Years . . .. ..ottt ittt et e it e e e e e
Generation of the EAD Matrix ... ... .. ... ...ttt e,
Rate of Affluence . ... .... .. ittt ittt ittt et
Discounting Formula . .. ... .. ... .. . i ittt e
Amoritization Formula . . ... ... ... . . . . e e e
Basic and Derived Functions . .. ... ... ... ... . ...ttt eennnnnnn
Effect of Flood Control Reservoir .. ... ... ... ...t ireneneeenenn.
Effect of Levee and Floodwall . . ... .. ... ... .. . .0t
Effect of Channel Modification . .. .......... .. .0ttt ennnnnnn
Effect of Diversion . ... ... ... ..ttt ittt
Effect of Flood Forecasting . .......... ...ttt etnenenonenn
Effect of Flood Proofing Individual Structures . . . ... ... ... ................
Effect of Structure Relocation ............ ... ... ..
Effect of Flood Warning . ... .. ... . ...ttt
Effect of Future Land Use Control . .............. ... oo,
Nlustration of Integration Procedure .............. ... i,
Stage-Damage Function . . . ... ... .. ittt ittt e
Stage-Flow Function . ... ... ... ... ... . . . i
Flow-Frequency Function . ... ... .. ... .. ... ..t
Damage-Frequency Function . ... ........ ... ... @ittt tenenmennnens.
Period of Analysis . ... ...ttt ittt e e e
Time Distribution of Expected Annual Damage ................. ... ...
EAD Interpolation . .. ... .. ... ... .. e
Test Example 3 Schematic . . .. ... ... ... . . . i
Damage Analysis With HECDSS ... ....... ... .. . i
Pathname Structure For Damage Computation Data . .. ...................

List of Tables

Output Parameter Limits . ... ... ... ... .. i
File Assignments . . ... ... .ot e e e e
Program Input Hierarchy . ... ... ... ... .. . . i i
Effect of Flood Plain Management Measures . ......... ..ottt inuinnnne...
Computer Integration Steps . ... ... ... it i e
Development of Damage-Frequency Matrix . .......... .. ... ..
Computation of Expected Annual Damage (1980 Conditions) . .................
Computation of Flow-Frequency Matrix For Decade Years ...................
Example Discounting and Amoritization . .......... ... ... ... ... L.
Part C Code For ZR Record .. ... ... ... ..ttt
Schematic ZR Record Input . . .. .. ... ..o i i e
Matrices Stored in HECDSS File . .. ... ... ittt e i
Schematic of REACH-EAD Matrix . ... ... .0 iv vttt ittt et ie e
Schematic of CATEGORY-EAD Matrix .. ........... ... .. ...
Schematic of PLAN-EAD Matrix ... ... ... .00t
Schematic of FREQUENCY-DAMAGE Matrix ............. ... . ........

iii



Expected Annual Flood Damage Computation
User’s Manual

iv



Expected Annual Flood Damage Computation
User’s Manual

Introduction

Origin of Program

This program (EAD) was written in The
Hydrologic Engineering Center (HEC) by
Harold E. Kubik with guidance from Darryl
W. Davis and William K, Johnson. The
program was originally issued in June 1977,
revised in August 1979, May 1983, February
1987, and March 1989. The development of
this program was sponsored by the Corps
research and development program.

Program Capabilities

This program was developed to assist in
economic evaluation of flood plain
management plans'. Particular attention was
given to current federal policy on evaluation
of national economic development benefits of
flood plain management plans. Of the three
types of benefits discussed in policy
guidance--inundation reduction, intensification
and location--only inundation reduction
benefits are computed by this program.

Damage may be computed in three
different modes:

6} the damage associated with a
specific flood event, for example,
the estimated damage should the
standard project flood occur

@ the expected annual damage
associated with a specific year or
several selected years, for example,
expected annual flood damage for
year 1985, 1990, and 2000
hydrologic, hydraulic, and
economic conditions

3 the equivalent annual flood
damage associated with a
particular discount rate and period
of analysis, for example, equivalent
annual damage discounted and
amortized at 7 percent for a
period of analysis of 50 years.

The computation of damage for specific
flood events or of expected annual flood
damage is made for each flood plain
management plan based on the hydrologic,
hydraulic and economic data for a damage
reach. Several damage categories such as
urban, agricultural, industrial, and residential
may be analyzed at the same time and are
totaled for each plan and reach. Expected
annual damage may also be computed for
conditions existing during some previous year
(historic conditions). Equivalent annual flood
damage is computed when the discount rate
and period of analysis are specified.

The current dimension limits for various
parameters in the program constrain input to
the values listed in Table 1.

Table 1: Input Parameter Limits

! See "Economic and Environmental Principles and Guidelines for Water and Related Land Resources Implementation Studies, March 10,

1983.



Hardware and Software Requirements

The program was originally written in
FORTRAN IV, developed on the CDC 7600
computer, required about 17,000 words of
memory, and did not require any special
library functions. The current version of the
program is written in FORTRAN 77, is

developed on a MS-DOS Compaq compatible
microcomputer, requires about 350,000 words
of memory, and utilizes library functions from
the HECLIB and HECDSS libraries. Table 2
lists disk assignments made by the program.

Table 2: File Assignments




Future Program Development

The EAD program is considered to be a
mature program with no major enhancements
presently planned. However, HEC plans to
create a successor FDA Package for the
workstation environment. This Package
would use some of the methodology and
computer software code currently in use by
the EAD program.

Most future plans discussed in the 1977
documentation have been accomplished
through development of the Structure
Inventory for Damage Analysis (SID) program
and linkage with the HEC data storage
system (DSS) (see Exhibit 5).

The program was substantially modified
in February 1987 when it was converted to
FORTRAN 77. In addition to FORTRAN 77
modifications, it was modified to:

¢ Read all of the same types of data
from a HECDSS data file as it could
read from a direct record input data
file.

¢ Compute affluence. This is typically
calculated only for residential contents
where the value of the contents
increases as a percentage of structure
value over the analysis period.

e Modification of the use of the ZR
record so that it may be used in a
manner consistent with other HEC
programs.

o Write computed results to a HECDSS
data file. These include the
frequency-damage matrix, plan-
expected annual damage matrix,
category-expected annual damage
matrix, and reach-expected annual
damage matrix.

The final component of the HEC flood
damage package is a program that more
directly accommodates agricultural flood
damage. The separate program AGDAM has
been written to accomplish this and contains
routines which compute expected annual
damage. Thus, there is no linkage (and no
need for a linkage) to the EAD program.

Any user who has suggestions for
increased capability of EAD is encouraged to
contact HEC. An increasingly capable set of
utilities (plots, special tabulation, etc.) is
available through use of the HECDSS as that
system expands in capability.



Program Description

Basic Principles

This program is based on the principle
that flood damage to an individual structure,
group of structures, or flood plain reach can
be estimated by determining the dollar value
of flood damage for different magnitudes of
flooding and by estimating the percent chance
of exceedance of each flood magnitude. The
damage caused by a single flood event of
known magnitude is estimated directly from a
damage function. When is it desired to
compute the damage which can be expected in
any year, then the damage corresponding to
each magnitude of flooding is weighted by the
percent chance of each being exceeded
(damage caused by rare events is thus
weighted less). The sum of the weighted
damage represents the expected annual flood
damage.

If the damage and frequency matrices
remain unchanged each year, then the
expected annual value represents the average
damage which can be expected to result from
many years of flood experience. However, in
practice, either one or more matrices are
likely to change over time; therefore, the
expected annual value will also change. This
results in a variation over time of the
expected annual value. To compare
alternative plans or to compare damage with
costs, an equivalent annual value is computed.
This equivalent value represents a uniform
distribution (the same each year) of annual
values and is computed by discounting and
amortizing each year’s expected annual
damage value over a period of analysis. The
discounting and amortization takes into
account the time value of money associated
with damage values.

The basic terms used to define the flood
magnitude, frequency and damage vary among
Corps Districts. For the EAD program, the
water surface descriptors are stage and
depth. Stage is used herein as a term to
represent both the situnation in which a local
datum is used for each location in the study
area and also for the more general case of a
common datum for the entire study area. In
the latter case, "elevation" would often be used
by others as an appropriate term but herein
"stage" is used. The frequency (be it of stage,
flow or damage) is referred to as exceedance
frequency (a preferred terminology) or simply

frequency. Damage is always referred to in
the singular. Other descriptors such as event,
equivalent annual or expected annual may be
used along with the term damage.

There are several different combinations
in which the stage, flow, damage and
frequency data can be expressed to develop
the damage-frequency matrix. The simplest
way is to relate stage or flow to damage and
stage or flow to frequency. The common
parameter, stage or flow, can be used to relate
damage to frequency. If the damage and
frequency data are not directly related to a
common parameter then another matrix must
be used. This is commonly a stage-flow
matrix (or rating curve). Thus, if damage is
expressed as a function of stage and frequency
as a function of flow, or vice versa, damage
can be related to frequency with the
stage-flow function.

Because stage, flow, frequency and
damage matrices vary along a river, it is
common practice to divide a river into reaches
and let a set of these matrices represent the
stage, flow, frequency and damage data for a
reach. An index location is selected within
the reach and a single stage or flow-frequency
matrix and stage-flow matrix are applied at
that location and considered representative of
these variables for the entire reach. In the
case of damage, several vectors are usually
used in one matrix, each representative of a
particular damage category.

The principal reason for computing flood
damage is to determine the effectiveness of
different flood plain management plans in
reducing damage. This reduction is
commonly referred to as an inundation
reduction benefit and is measured as the
difference in equivalent annual flood damage
with and without a plan. Different
management plans alter the stage, flow,
frequency, and/or damage functions in
different ways (see Exhibit 1 for a detailed
discussion). With a different function the
damage is different, usually lower, than
without the plan. Thus, for any plan which
causes a change which can be quantified,
damage with the plan can be computed.
Without a plan, damage is still likely to
change. Increases in damageable property in
existing structures, residual damage to new
structures, increases in stage from greater, or



more rapid runoff all can cause a change in
future damage.

Reach Selection

Frequency, flow, stage and damage data
are used for each reach; thus, these data must
be representative of the actual frequency of
flood events, flow regime, and flood damage
for that reach. Reach lengths should be
selected to allow segregation of output as
required for specific study needs. For
example, for plan formulation, output may be
needed in sufficient detail that changes in
stream and development characteristics are
identified. Generally, hydraulic and

Figure 1:

terms of the stage, flow, frequency or damage
data used by the program. Such plans can
include nonstructural measures as well as
reservoirs, channels and levees. A discussion
of the effect of various measures on the stage,
flow, frequency and damage functions is
presented in Exhibit 1.

Up to 13 flood plain management plans
can be evaluated. Each plan’s name and
number are input (PN record) as are the
corresponding stage, flow and damage data on
the appropriate reach records for each reach
and input data year. If, within a reach,
several plans have the same stage-flow or
damage matrix, the matrix need only be
entered for the first plan and it will be used

Input Data Years

hydrologic factors govern the selection of the
index location. However, other factors such
as local zoning laws may govern the selection.
Frequency data input for one reach will be
used for subsequent reaches until another
data set is input (FR records). This does not
hold for stage, flow or damage data (QF, SF,
SQ, QS, SD, QD or DG records). These data
must be input for each reach.

Flood Plain Management Plans

The expected annual flood damage with
any structural or nonstructural flood plain
management plan can be computed provided
the effect of such a plan can be expressed in

for all subsequent plans until a matrix is
entered for another plan. Also, one plan may
be made equivalent to another within a reach
RV record).

Input Data Years

Stage, flow, or damage matrices can be
entered, and expected annual damage
computed for conditions representative of a
past historic year, a study year, a base year,
and a future year --- up to a total of nine
different years. These points in time for
which stage, flow, damage and frequency data
are provided are termed input data years and



are shown in Figure 1. Expected annual
damage computed from these data is assumed
to occur at the end of the respective year.

The purpose of defining data for several
different years is to accommodate changes in
hydrologic, hydraulic and economic data which
occur over time. For example, it may be
desired to compute expected annual damage
for historic years with non-urban land use
and past channel conditions, or for future
years with urban land use and modified
channel conditions. The years selected are
identified on the DY record. For each reach
only those input data years desired need be
selected from those identified on the DY
record. For each reach, the frequency vector
applies to all input data years (FR record).
When the data are available for an input data
year, they should be entered. If the data is
the same for all input years, one set of data
can be entered which will then be used for all
other input data years for that reach and
plan.

Within a reach, stage, flow, frequency, or
damage matrices may be modified for an
input data year and plan by use of the RV
record. The purpose of this feature is to
allow the user to easily specify data for one
input data year by modifying another input
data year. For example, flow data may be
entered for 1980 and these data multiplied by
a factor 1.2 to compute flow data for input
data year 2000. The arithmetic operations by
which a vector of data may be modified are:

e Addition of a constant value
¢ Subtraction of a constant value
e Multiplication by a constant value

e A zero damage level can be specified
by defining a stage, or frequency value
below which there is no damage.

Stage Versus Flow Matrix

The stage-flow matrix (or sometimes
called "rating curve") relates the stage or
water surface elevation of a river at a specific
location to the flow of the river at that
location. When the flood plain is divided into
reaches, one stage-flow matrix is taken as
representative for that reach. In such a case,
a matrix of stage and corresponding flow data

are entered (SQ and QS records). Up to 18
pairs of data may be used. One set of data is
provided for each reach, each input data year,
and each plan, unless it is desired to use the
same data set for all input data years or all
plans. When the stage-flow matrix changes
by year, only the flow data need be changed
(QS record). Also, flow data for any input
data year or plan can be modified or used to
compute a stage-flow matrix for another input
data year or plan (RV record). A constant
value may be added or subtracted from each
value in the stage or flow vector (SQ or QS
record), or each value may be multiplied by a
constant.

Damage Matrix

Damage data may be related to either
frequency, river stage (elevation) or flow. For
each river reach a frequency-, stage- or
flow-damage matrix is required for the input
years being used for that reach unless it is
desired to use the same data set for all input
data years. The same is true for each plan.
The input matrices for each reach are
assumed to represent the damage potential of
that reach whether they are entered as
aggregate functions (representing groups of
structures) or as individual structure
functions.

Each plan may have up to 18 damage
categories. The categories specified (CN
record) are for all reaches, input data years,
and plans, but damage data need be entered
only for those categories pertinent to each
reach (DG record).

Stage data are entered using an SD
record, flow data using a QD record, and
damage data with a DG record. For a given
reach, either SD or QD records may be used,
but not both. Up to 18 values may be
entered using each type record. The same
data set will be used for all input data years
if only one set is provided.

A stage-damage or flow-damage matrix for
an input data year, plan, or category may be
modified or used to compute a similar
relationship for another input data year or
plan (RV record). A constant value may be
added, subtracted or multiplied to produce a
new damage vector. In addition, a value may
be specified below which there is no damage.



Frequency Matrix

A flow-frequency matrix for a reach of
river represents the percent chance that a
certain magnitude of the river flow will be
exceeded. Quite often a single matrix is
considered representative of many reaches or
an entire flood plain. In the program,
frequency data are entered using an FR
record and corresponding stage or flow data
using either the SF or the QF records. When
frequency-damage matrix is used, the damage
vectors are entered using the DG record. The
frequency vector on the FR record need only
be entered for the first reach, each
subsequent reach will use the same vector
until another FR record is encountered. In
general, the analyst should pick exceedance
frequency values for the FR record at the
beginning of the study and never change
them during the course of the study. For a
given reach, either SF or QF records may be
used, but not both. The stage or flow vector
may be provided for each desired input data
year.

Data on the SF (stage), QF (flow) or FR
(frequency) records may be modified or used
to compute a stage or flow-frequency matrix
for another input data year or plan by using
the RV record. A constant value may be
added or subtracted, the vector multiplied by
a constant, or a value of stage, flow, or
frequency specified beyond which no damage
is computed.

Specific Event Flood Damage

Sometimes it is desired to compute the
damage which is estimated to occur if a
specific flood event should occur such as a
historic event or SPF event. This may be
done using either the SID or the EAD
program. When using the EAD program, the
input stage or flow damage data will normally
contain values based upon specific historic
events. However, it is often desirable to
compute damage for events other than those
used to derive the input matrix. For this
computation, stage or flow data are entered
using the SD or QD records respectively and
damage data using the DG record. The input
damage data is associated with a specific input
data year, plan, and damage category. The
number of flood events for which it is desired
to compute estimated damage is entered on
the FR record. The actual stage or flow for

each event is specified on the SF record if it
is stage or QF record if it is flow. The
stage-flow matrix must be provided if
flow-frequency and stage-damage functions are
the input matrices. Thus, for each input data
year and plan, the estimated flood damage for
a specific flood event (specified by stage or
flow) can be computed. A maximum of 18
events may be specified.

Expected Annual Flood Damage

Expected annual damage is the frequency
weighted sum of damage for the full range of
possible damaging flood events and can be
viewed as what might be expected to occur in
the present or any future year. It represents
the annual damage for a particular set of
hydrologic, hydraulic, and damage conditions.
Expected annual damage is computed for each
input data year, the study year, the base year
and each decade year by first computing a
damage-frequency matrix from stage, flow,
frequency and damage data for each reach,
plan and damage category. Each damage
value is then weighted according to its percent
chance of exceedance. An explanation of this
integration routine is presented in Exhibit 2.

Within the period of analysis, expected
annual damage is computed for each year.
This is done by first computing expected
annual damage for the base year, each decade
year (every 10 years from the beginning of
operation), and for each input data year.
Stage, flow, and damage data for each input
data year are used to compute similar data for
the base and decade years. Between any pair
of input data years, the stage, flow, and
damage matrices for the base or decade years
are computed by linear interpolation. Outside
any pair of input data years or for a single
input data year, the stage, flow, and damage
matrices are assumed to be the same as for
the last or single input data year. As an
example, if the last two input data years were
2005 and 2015 and the last year of the
analysis were 2020, the stage, flow, and
damage matrices for decade year 2010 would
be obtained by linear interpolation of stage,
flow, and damage matrices. Data for 2020
would be the same as for input data year
2015.

Once the stage, flow or damage matrices
have been computed for the base and decade
years by interpolation then expected annual
damage is computed for the base, decade, and



Figure 2: Generation of the EAD Matrix

input data years. For the remaining years
expected annual damage is computed by
linear interpolation using expected annual
damage previously computed for the base,
decade, and input data years. Figure 2
conceptually illustrates this process.

Affluence Factor

An increase or decrease in the value of
the contents in residential structures during a
period of analysis can be taken into account
in the computation of expected annual
damage by one of two methods:

e Use of the RV record to modify the
input damage matrix by multiplying
the damage vector by some factor.

o Use of the RC record to define the
annual rate increase in the damage
vector and maximum value expressed
as a percentage.

Use of the RV Record

In the first method, the change in the
value of the contents is computed by invoking
the RV record to specify the affluence factor
as a ratio (1.04 indicates a 4 percent affluence
factor), the damage category (residential
contents), and the input data years to which

it applies. This factor can be applied to each
plan with a damage category for residential
contents. It is required that the maximum
level for the value of contents (expressed as a
percentage of the value of structure) be
determined by the analyst. The program does
not automatically determine to which year it
applies. The effect of affluence is displayed in
the equivalent annual damage for the
residential contents category and the total
damage for each year. The EAD program has
computed affluence using this method for a
number of years. It is a fairly simplistic
computation and requires the user to monitor
the calculations for correctness.

Use of the RC Record

The second method was implemented with
the February 1987 version of the program.
For this method, the change in the value of
the contents is computed by invoking RC
records to define the economic year, the rate
of affluence, and the maximum value of the
contents as a function of the structure value.

Federal regulations permit projecting
changes in the value of certain damage during
the period of analysis. The most common
projections are for increased value of
household contents. Such an increase or a
decrease may be computed automatically by
specifying on RC records the appropriate
annual rates of change for any previously



defined damage category. The program then
computes the appropriate increase or decrease
for specified stage-damage or discharge-
damage matrices. Nine annual rates of
change can be specified, beginning with the
economic base year and ending with the final
year of the study, IBASYR+IPOA-1). They
must correspond with the input data years
specified on the DY record.

Figure 3 illustrates the manner in which
the specified rates are used to update the
stage-damage or discharge-damage matrix for
each year of the computations. The damage
matrix for the economic base year is entered
by the user to the EAD program on "DG"
records. If only one rate of change is used,
the modified damage values for any year, T,
are computed by multiplying all damage
vectors for the appropriate stage-damage or
discharge-damage matrix for the economic
base year by the parameter "FACTOR" shown
in Figure 3.

If more than one rate of change is
specified, the following steps are performed:

(1) Determine the rate for each year.

Figure 3:

(2) Compute the "future value” factor for
each year.

(3) Multiply the damage function by the
"future value" factor at each
analysis year.

The user may impose a lower or upper
bound on the damage functions computed
automatically by the program. For example,
to conform to current Corps of Engineers
regulations, the projected value of household
goods for a structure may not exceed an
upper bound of 75 percent of the structure
value. This limitation is imposed by setting
DGRCMX (RC.6) equal to the percent of
structure value of this upper bound. The
maximum damage value of each stage-damage
or discharge-damage function (which is
subsequently computed by scaling the
base-year function) is compared to this bound.
If the bound is exceeded, the computed factor
is reduced, so the maximum value of the
computed function equals the specified bound.

Rate of Affluence




Figure 4: Discounting Formula

Equivalent Annual Flood Damage

Up to three discount rates may be used to
compute equivalent annual flood damage (J2
record). Prior to discounting, expected annual
flood damage is computed for each year of the
period of analysis. Each year’s expected
annual damage, which is assumed to occur at

the end of the year, is discounted back to the
beginning of the base year, then amortized
over the period of analysis. The discounting
formula used is shown in Figure 4.

The present amount of all future amounts
over the period of analysis is amortized using
the formula shown in Figure 5.

Figure 5: Amortization Formula




Inundation Reduction Benefits

The inundation reduction benefits of a
flood plain management plan are the flood
damage prevented by the plan. This applies
to those activities which are expected to use
the flood plain even without the plan. The
damage prevented by a plan would be the
difference between equivalent annual damage
without a plan and with a plan. It is
assumed equivalent annual damage computed
for the period of analysis represents damage
to activities which would occupy the flood
plain without a plan. To compute this
difference it is necessary to enter stage, flow,
frequency and damage data for both with and
without plan conditions.

11



Input Preparation

General Description

This section describes the type of data
which is entered on each record and which
records are used for the type of analysis
desired. The actual format of the input data
is described in detail in Exhibit 6, Input
Description.

The program has been designed to be
flexible in the types of data that can be used
for analysis and in the detail of output
desired. Therefore, particular attention was
given to methods of entering the data. Many
of the records are optional records and need
not be provided unless that particular data
are needed to be entered, a particular type of
analysis is desired, or selected portions of the
output are to be suppressed.

The EAD program has the capability (at
the user’s option) of automatically retrieving
input data from files that were created by
other computer programs. Rating data (as

developed by the HEC-2 program "Water
Surface Profiles"), frequency data (as
developed by HEC-1 "Flood Hydrograph
Package"), and damage data (as developed by
SID "Structure Inventory For Damage
Analysis" and DAMCAL "Damage Reach Stage
- Damage Calculation”) can be placed in a
special random access file (termed the HEC
data storage system file) and automatically
retrieved by EAD for analysis in a largely
transparent (to the user) manner. Exhibit 5
describes these concepts in more detail.
Training Document 21 entitled "Flood Damage
Analysis Package" describes and demonstrates
these linkages in detail.

Program Input Hierarchy

Table 3 shows a hierarchy of major data
types used in the program. Its purpose is to
display the data types and their place within
the hierarchy of the program.

Table 3: Program Input Hierarchy




Title Records

TT:

Title Record

Job Records

J1:

First Job Record

The title records are used to identify the unique features of a
particular job to provide documentation for the analyst when
the output is encountered at some later time. Useful items
to note on these records are the run date, data bases, items
modified from the last job, different operation mode or design
feature for one or more flood plain management plans. etc.
Sometimes it is convenient to adopt a sequential numbering
system for each job run during a particular study. As many
TT records may be provided as desired. Although these
records are usually input at the beginning of the job, they
may be inserted before reach or plan data to annotate the
features of the input data. The first three title records are
stored for labeling the summary output.

These records define parameters and analysis procedures
which will apply throughout the job. Note that two records,
CN and PN, are required records and must be entered for
each job.

This optional record need only be provided when a period
analysis is desired (equivalent expected annual damage). A
positive value for variable IPOA activates the economic
routines which compute equivalent annual damage by
applying the input discount rates (J2 record) to compute
present worth and to amortize the results over a period of
analysis. Unless any of the input data are varied by time
(input data years), the expected annual damage will be the
same for each year and equal to the equivalent annual
damage. The study year (ISTDYR) references the year that
represents existing conditions. If any of the input parameters
are referenced to a year before and after the study year, the
particular parameter values will be found by interpolation.
The base year (IBASYR) identifies the first year that the plan
is expected to be operational. As the hydrologic, hydraulic
and economic conditions are assumed to represent end-of-year
values, the expected annual damage computed for the base
year is discounted one year to the beginning of the period of
analysis. IDOLYR conveys the month and year to which the
economic data are referenced and is only used for information
purposes on the output. NHIS defines the number of input
data years that represent historic years (prior to the study
year). The expected annual damage for these years will be
output with the period of analysis results, but do not impact
on the equivalent annual damage computations.

13



J2: Second Job Record

CN: Damage Category
Names

CI: Damage Category
Price Index

PN: Flood Plain
Management Plan Names

DY: Input Data Years

ZW: HECDSS Storage of
Results

This optional record is used to enter the discount rates for a
period analysis with one or more flood plain management
plans. This record must be entered if IPOA on the J1 record
is positive. The first discount rate is treated as the primary
rate and is included in the detailed output. The results for
the other optional, or trial, discount rates are only included
in the job summary output.

The damage category names for the job are noted on this
record(s). Abbreviations will probably be necessary as only
eight characters are allowed for each name. If more than
nine different categories are used, a second record is
required. If retrieving elevation-damage matrices from a
HECDSS data file, the damage category names must match
exactly the category names used when they were stored.
For example, if the damage matrices were stored by SID, the
category names must match those entered on the DC records
in the SID input data file.

This record is used to index price levels from some period
(for which data has been prepared) to the price level desired
for the computer run to be performed. This record permits
input of price level variations by damage category.

The flood plain management names are entered successively,
one record for each plan name. The assigned plan numbers
need not be sequential but must be a number from 1
through 99.

The years associated with any of the input data must be
listed on this record. If all of the data are referenced to a
common year, it is not necessary to provide the record. The
first NHIS (field 5 of the J1 record) values must correspond
to the historic years being analyzed.

This record provides the pathname parts required by EAD in
order to store computed results in a HECDSS data file.

Once a ZW record is entered, the storage of results cannot be
terminated. The pathname part C defines the type of
computed matrix which is stored in the HECDSS data file.
When storing frequency-damage data, the option ".E" may be
used to store all of the computed ordinates in the frequency-
damage matrix.

14



Reach Data Records

PP: Printout and Punch
Options

RN: Reach Name

RV: Revision of Data

FR: Frequency Vector

This data must be supplied for each damage reach.

This record is used to modify the normal printout and punch
(deactivated) options. Although this record is listed with the
reach data, it may be input at any time to activate or
deactivate desired options for a selected portion of the run.

This record is used to identify the reach. A very abbreviated
(6 characters) identifier for the reach should appear on the
other reach records to identify the record in case one or more
records are withdrawn, either intentionally or accidentally,
from the rest of the data.

This record provides for the creation of input data by
modifying the last record of that type for the reach. For
instance, if the flows associated with the flow-frequency
matrix are expected to increase 10 percent from 1996 to 2000
and 15 percent from 2000 to 2030, this record could be used
to create the QF records for the input data years of 2000 and
2030 after the QF record for 1996 has been entered. Also,
the RV record may follow an EP record to create data for a
new plan. For example, if a levee project is part of the plan
for the reach, the damage data can be truncated below the
design stage of the levee.

This record is usually used to enter the necessary exceedance
frequency vector. The data are entered in descending order
and are expressed in percent e.g., a value of 10 is entered for
the .10 exceedance probability event and 2.0 for the .02
exceedance probability event. It is important that the first
value be at or below the zero damage point and the last
value to be an infrequent event; usually 0.1 (.001 exceedance
probability event) is adequate. For proper curve definition,
anywhere from 10 to 18 points should be provided.

The frequency vector corresponds to one of the following;
e Directly to damage vectors (DG record)

e Stage vector (SF record) and then stage-damage
matrix (SD and DG records)

¢ Flow vector (QF record) then:
« Either flow-damage matrix
» Or stage-flow matrix (SQ and QS records),
and stage-damage matrix (SD and DG
records).
The analyst may compute damage only for several input
events, based on either stage or flow, by preceding the

number of values (NFRQ) with a minus sign. The expected
annual damage routines are then bypassed.

15



QF: Flow Vector for Flow-
Frequency Matrix

SF: Stage Vector For
Stage-Frequency Matrix

SQ-QS: Stage-Flow Matrix

SD: Stage Vector in Stage-
Damage Matrix

QD: Flow-Damage Data

DG: Damage Data

When expected annual damage is to be computed and the
available data is flow-frequency matrices, this record is used
to enter the flow vector which will correspond to the
frequency vector on the FR record. Several sets of QF
records may be entered, each referenced to a different input
data year. If no input data year is found, the same flow
vector is used for each subsequent plan until another QF
record is encountered. If NFRQ on the FR record is
negative, then the values on this record represent flows for
which damage is computed.

This record is used instead of a QF record when the known
matrix is a stage-frequency function. This record may be
used in the same manner as the QF record (see above
description of use).

These records must be entered when the rating curve is
necessary to the analysis. For example, if the known
matrices are a flow-frequency and stage-damage, then the
rating curve must be entered in order to link the frequencies
with the damage data. Several sets of QS records may be
entered if the stage-flow matrix is expected to change with
time (input data years). Also, the stage-flow matrix may
change with different flood plain management plans.

This record is used when the available input is in the form of
stage (elevation) damage functions. The damage vector on
the DG record will correspond to the stage vector entered on
this record. If vectors for several damage categories are
entered, a set of SD-DG records is required for each category.
The SD record does not need to be repeated for a particular
plan if all damage categories are referenced to the same
vector of SD values.

This record is used instead of an SD record when the
available data are in the form of flow-damage functions. If
data for several damage categories are entered, a set of
QD-DG records is required for each category. The QD record
does not need to be repeated for a particular plan if all
damage categories are referenced to the same set of flows.

This record is used to enter the damage values which may be
associated with frequencies (FR record), stages (SD record) or
flows (QD record). The input damage data relate to a
particular damage category and sets of SD-DG or QD-DG
records are required for each damage category. The damage
data may also be referenced to specific input data years and
plans.

The damage data may be in dollars, thousands of dollars or
millions of dollars, but each reach must be coded in the same
units or the final summary has no meaning. It is
recommended that the title records (TT) note the units of the
damage values.

16



RC: Residential Content
Affluence Adjustment

DZ: DSS Damage
Category Aggregation

ZR: HECDSS Pathname
Retrieval

End of Data Records

EP: End-of-Plan

ES: End-of-Subreach

ER: End-of-Reach

EJ: End-of-Job

This record is used to define the projected annual rate of
change in the value of damageable property. It is normally
used only for the contents in residential structures and only
if a change in value can be forecast and substantiated.

This record is used to aggregate up to 50 damage categories
that might exist in a DSS file down to a maximum of 18
categories, since EAD can only accommodate 18 categories.
In the EAD input data file, it must appear before the ZR
records.

This record provides the pathname data required to retrieve
data from the HECDSS data file for processing by EAD. One
record is required for each desired input data matrix. It is
entered in the same location and in the same conceptual
manner as if the functions were entered directly. For
example, a frequency-flow matrix is entered directly using
one set of FR records and one set of QF records. If the
matrix is stored in the HECDSS data file instead, one ZR
record is entered and the EAD program retrieves a two
vector matrix containing frequency and flow values.

To terminate input data for a plan, subreach, reach, or to
terminate one "job", only one of the following records is
required.

This record signifies the end of data input for a particular
plan and indicates that data for another plan will follow.
The input data are processed after each EP record. Either
damage data or expected annual damage and, if a period
analysis, equivalent annual damage is computed before
reading more input data. The input data for the next plan
need only be for those relations that change. For instance,
one QF record(s) and an EP record may be the only input
necessary for the next plan.

This record signifies the end of data input for a segment of a
large reach. For example, it could be used to separate the
expected annual damage for the left bank from the right
bank or to separate identified commercial categories. The
hydrologic and hydraulic relationships for a set of subreaches
within a reach are assumed to be referenced to the same
index location.

This record signifies the end of input data for the last plan of
the particular reach. The next data read will be for a new
damage reach.

This record signifies the last plan for the last reach and, after
processing the data for the plan, will cause the final
summary tables to be output. This record terminates the
EAD run unless input for a new job immediately follows the
EJ record.

17



Initial Job Data

Program Title, version
date, and Input Listing (1)

Title (2).

Job Records (3 and 4).

Damage Category (5).

Flood Plain Management
Plans (6).

Input Data Years (7).

Output Display

The initial output defines the program version, echoes the
user’s input data, and displays the global job control
parameters. (Note: The output following this description is
annotated by a sequence of numbers which are referenced in
the text.) Every record is output in a format that enables
the detection of errors.

The first item printed in the EAD output is the program
title, the number of the program, and the version date,
followed by a listing of the input data, if requested.

The title records are output whenever encountered (2).

If job records, J1 and J2, are required for the analysis, they
are output as found (3). For this example as input on the J1
record, the period of analysis is for 50 years, no study year
was indicated, the base year is 1980, the economic data are
indexed to January 1974, and there are no historic events.
On the J2 record, the discount rate of 7 percent is input (4).

The damage category names are output as found on the CN
record (5). For the example, there is only one damage
category for residential structures.

Each plan name is output sequentially (6). There is only one
plan for this example.

Input data years, if placed on the optional DY record, are
output (7). Two input data years, 1980 and 2009, are being
used for the example.
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Reach Input Data

Reach Name (8).

Exceedance Frequency (9).

Flows for Frequency (10 &
11).

Stages for Rating Curve
(12).

Flows for Rating Curve
(13).

Stages for Damage Data
(14).

Damage for Damage Data
(15).

End of Data Record (16).

The reach input data will be output unless suppressed by
adding 1 to the print suppression code for JDGPR on the PP
record.

The reach name (8) and the input data for one plan are
input, then the appropriate computations are made and the
results printed before the data for the next plan are read.
For this reach, flow-frequency, stage-flow and stage-damage
relations are input. The records were read and output in the
sequence described below.

The exceedance frequencies, in percent, as entered on the FR
record (9).

The flows (QF record) corresponding to the exceedance
frequencies for input data years 1980 (10) and 2009 (11).

The stages for the rating curve, SQ record (12).

The flows (QS record) corresponding to stages for the rating
curve (13).

The stages for damage data, SD record (14).

The damage data (DG record) corresponding to the stages
(15); if stage-damage data were input for other damage
categories, that data would follow.

The type of record ending the input data is shown following
the last damage category read for each plan (16), in this case
an EJ record.
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Damage Results

Frequency-Damage (17)

Expected Annual Damage
(18)

Period of Analysis
(19)

Output Summaries
(20 & 21)

End-Message (22)

The EAD program displays a matrix of frequency-flow-stage
(elevation)-damage for each plan, reach, and job. The table
includes the calculated expected annual damage value for
each category.

The damage by category is shown for each input frequency
value, or stage or flow value if only event damage data are to
be computed (17). If frequency-stage is entered, the flow
column is filled with values of "-1". If frequency-damage is
entered, both the flow and the stage columns are filled with
"-1". Following the total column is a column of accumulated
expected annual damage values that are accumulated from
zero frequency for each input frequency value. If computing
equivalent expected annual damage, these data are output for
the study year, base year, five decade years and, if unique,
the end of period year and the input data years. The analyst
may suppress this table by adding 2 to the print suppression
code for JOGPR on the PP record.

Expected annual damage values are output, if computed,
along with the damage data (18). These values may be
suppressed by adding 4 to the print suppression code for
JDGPR on the PP record.

A summary table (19) of the results is output showing key
output data and the expected annual damage values for the
study year, base year, decade years and end-of-period year.
Also equivalent annual damage has been computed by
discounting each year back to the beginning of the base year
and then amortizing over the period of analysis. Note that
the economic results are end-of-year values; therefore, the
input data should also represent end-of-year conditions.

Several summaries are printed on completion of processing.
A summary of reach names (20) is printed, followed by a set
of summaries. Each damage category is summarized by
damage reach followed by a grand summary by reach
wherein the damage categories are added. This is followed
by another grand summary that is by damage categories
wherein reaches have been added (21). The summaries may
be suppressed by specifying the appropriate print suppression
code for JDGPR on the PP record.

The END OF RUN message (22) indicates that the run has
terminated without any fatal execution errors found by the
computer. The program itself may have identified data
sequence errors or missing data elements which are printed
prior to this message. The lack of error messages does not
mean that there are no errors in the ouput caused by
incorrect input. Therefore a careful check of all output for
correctness is required.
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Exhibit 1

Effects of Flood Plain Management Measures
on Stage, Damage, Flow, and Frequency Functions

Introduction

Flood plain management measures protect
damageable property, both existing and
future, in one of two ways. Either they
reduce flooding or they reduce the damage
susceptibility of the property. The tabulation
below includes several typical measures of
each type that will be discussed and
illustrated in this section.

Measures designed to manage water,
either locally or throughout a system, can
alter various hydrologic, hydraulic, and
economic matrices which exist at specific
locations. Measures designed to manage
damage susceptibility alter only economic
matrices. The basic matrices that can display
the hydrologic, hydraulic, and

economic characteristics of flood plain
management measures are the stage-damage
relationship, stage-flow relationship and the
flow-frequency relationship. All others, such
as flow-damage, stage-frequency and
damage-frequency can be obtained from these
basic three by combinations with a common
parameter. It is important to understand
what the basic matrices are, and how they are
altered by the various measures, both
beneficially (on purpose) and adversely. On
the following pages each relationship and the
effect of each measure are described and
illustrated. The effect of several flood plain
management measures are shown in terms of
the impact on three basic evaluation matrices
plus the derived stage-frequency relationship
because of its common reference in planning
reports.

Flood Plain Management Measures

Water Management

Reservoirs

Levee or Floodwall
Channel Modification
Diversion

Flood Forecasting

33

Damage Susceptibility Management

Flood Proofing

Relocation

Flood Warning and Preparedness
Land Use Control
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Figure 6: Basic and Derived Functions

®

Flow—Frequency
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Frequency — F
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Frequency — F

The basic and derived evaluation

functions are shown above. Concepts
important to their construction are
described herein.

].. Flow-Frequency Matrix: This

defines the relationship between
exceedance frequency and flow at a
location. It is the basic function
describing the probability nature of stream
flow and is commonly determined from
either statistical analysis of gaged flow
data or watershed model calculations.

2. Stage-Flow Matrix: This defines

the relationship between flow rate and
stage at a location. It is the basic
function describing the hydraulic nature of
the stream. It is frequently referred to as
a "rating curve" and is normally derived
from water surface profile computations.

3. Stage-Damage Matrix: This

defines is the relationship between the
river’s water surface elevation and damage
which would occur some distance
upstream and downstream from the
specified location. It is a basic function
which usually represents an aggregate of
the damage which could occur to many
structures. It is usually developed from
field damage surveys.

EXHIBIT 1

Damage-Frequency

Stege—Flow

®@ —> @

Stage—Damage

1
1
|

Damage —

Flow—-Damage
A

N

S

t
1

Domage — 3

2.0
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1.0

Frequency — F

4. Damage-Frequency Matrix: This
matrix is derived by combining the basic
matrices (1,2,and 3) using the common
parameters of stage and flow. For
example, the damage for a specific
exceedance frequency is determined by
interpolating the corresponding flow rate
from the flow-frequency matrix, the stage
corresponding to this flow rate from the
stage-flow matrix, and finally the
corresponding damage from the stage-
damage matrix. Any changes which occur
in the basic relationships because of
watershed development or the
implementation of one or more flood plain
management measures will change the
damage-frequency matrix and therefore
the expected annual damage that is
computed as the integral of that function
(area underneath).

Other Functional Matrices: Two

intermediate matrices are derived in the
process of developing the Damage-
Frequency matrix. The stage-frequency
matrix is developed by combining the
stage-flow with the flow-frequency matrix
using flow as the common parameter.
The flow-damage matrix is developed by
combining the stage-damage with the
stage-flow matrix using stage as the
common parameter (or vector).




Figure 7: Effect of Flood Control Reservoir

Stage—Damage
\

No Change

Damage — §

Flow—Frequency
A

Frequency — F

The purpose of a flood control reservoir

is to store flood water during storm
periods and release them during periods
of lower flow. Because the streamflow is
altered by the reservoir, the flood
frequency at all locations downstream are
altered, generally by lowering the flow for
a given frequency of event. The
magnitude of the flow reduction may be
small or large depending upon the size of
the reservoir, the magnitude of the event,
and the location of the reservoir in
relation to the downstream point. No
other functional matrices are directly
affected by a reservoir. The sketch

35

Stage—Flow

Stage—Frequency

Frequency — F

displays the impact of a reservoir
immediately downstream on without
project functional matrices.

Systems of reservoirs can exhibit more

complex affects because of the influence of
complex operation rules and varying
priorities in release patterns. Reservoirs
can result in long term changes in
downstream conveyance (by scour or
deposition) which changes the stage-flow
matrix and by inducing development onto
the flood plain which could affect the
stage-damage matrix.
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Figure 8: Effect of Levee and Floodwall

Damage — $

Flow—-Frequency

Frequency — F

Levees and floodwalls are designed to

prevent flooding to adjacent protected
areas. They provide a direct mans of
flood protection in that they can be
located where needed and can act to
confine flood waters to the channel up to
the design flow. The direct planned for
effect is therefore a truncation of the
stage-damage matrix below the design
flow rate. The river stage can be raised
for a given flow rate if the flow
conveyance area is significantly reduced by
the measure. The stage-flow matrix can
therefore be incidentally affected.

EXHIBIT 1
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Stage—Flow

Stage—Frequency
\

.(‘)%02
Frequency — F

Higher flow rates for a specific event can

be induced downstream if a significant
amount of flood plain storage is
eliminated because the stage is lowered by
the measure. The flow-frequency matrix
can be affected similarly to the affect of a
levee and floodwall. The sketch displays
the impact of the measure on the
functional relationship in the downstream
reaches of the project area.




Figure 9: Effect of Channel Modification
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Damage — §

Flow—Frequency

_ 0 .0%02
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Channel modifications are designed to Higher flow rates for a specific event can

increase the stream conveyance capacity be induced downstream if a significant

by enlarging the channel flow area, by amount of flood plain storage is
decreasing surface roughness by clearing eliminated because the stage is lowered by
and lining, and by shortening and the measure. The flow-frequency matrix
straightening the flow path. All these can be affected similarly to the affect of a
actions generally lower the stage and levee and floodwall. The sketch displays
increase the velocity for a specific flood the mpact of the measure on the

event. The direct planned for affect is functional matrix in the downstream
therefore a lowering of the stage-flow reaches of the project area.

matrix
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Figure 10: Effect of Diversion

Stage—Damage Stage—Flow

No Change
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A diversion removes flow from the river N o other functions are directly or

during high stages and passes it safely indirectly affected. Long term stream
away from damage areas. this has the regime changes induced by the change in
immediate effect of reducing the amount flow and sediment content could affect
of flow at all locations below the downstream conveyance capacity thus
diversion. The direct planned for effect is affecting the stage-flow matrix at some
the lowering of the flow-frequency matrix. point in the future.
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Figure 11: Effect of Flood Forecasting

Stage—Damage Stage—Flow

L

Flow—Frequency Stage—Frequency
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.0002

Flood runoff forecasting allows flood gfgvé?zg;nac%’fea:g?x'}gSlggl:g:i;u netions
control measures, such as reservoirs and expected storm flows are provided by real-
diversions, to be operated so that flows time flood forecasting systems using

are better con.trolled at critical damage rainfall and stream measurements and
centers resulting in lower flows than hydrologic simulation models. Reservoirs
without forecasting. The planned effect is are then operated using the forecast data
therefore an additional lowering of the to improve use of storage.
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Figure 12: Effect of Flood Proofing Individual Structures
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This group of measures can take may

forms and is designed to protect individual
structures and contents from flood waters.
The appropriate measure used depends on
the type, location and susceptibility to
damage of the specific structure and
contents. when protection is provided and
a single structure or group of structures
are "flood proofed” the relationship
between stage and damage is modified.
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Stage—Flow

Stage—Frequency

ooz
Frequency — F

Structures may be raised or protected in
place. The hydrologic system will
generally remain unchanged so that no
other functional relationships are directly
affected. The sketch displays the impact
of flood proofing all structures within a
flood hazard area a uniform amount, say
3 feet, by raising some and by placing
barriers around others.




Figure 13: Effect of Structure Relocation
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This measure is completely effective in

preventing flood damage to a structure or
contents by removing them from areas
susceptible to floods. The stage-damage
matrix is thus changed depending upon
the amount of property removed and the

41

Stage—Flow

Stage—Frequency
!

No Change

Frequency — F

location to which it is moved. The sketch
displays the impact of removing all
structures below a specific flood hazard
elevation.
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Figure 14:

Stage—Damage

} With
s
Q.

Damage — $

Flow—-Frequency

No Change

Frequency — F

Advance warning can allow temporary

measures to be implemented to protect or
remove damageable property. For
example, the temporary relocation of
movable property or the raising or
sandbagging of property which must
remain. Flood warning and preparedness
is a combination of flood proofing and
relocation, and while it is not as
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Effect of Flood Warning

Stage—Flow

Stage—Frequency
b
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Frequency — F

dependable as the permanent measures it
can help to reduce potential damage. The
stage-damage matrix, as described in the
sections on flood proofing and evacuation,
is the only one affected. The sketch
displays the impact of significant advance
warning (say greater than 12 hours
notice).




Figure 15: Effect of Future Land Use Control
(Fill Placement to Elevate New Development)
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Land use controls such as local

restrictive zoning and similar actions that
may be induced by the sanctions of the
national flood insurance program apply
almost exclusively to future development.
They are designed to influence future
decisions so that the long term affect is to
cause the stage-damage function that
would have existed in the future in the
absence of the measures to be lowered,
that is, to prevent future development but
not significantly influence existing

43
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development. Provisions such as
prevention of improvements or
refurnishing after floods could lead to
reduction of existing development by
attrition. In this instance, the future
stage-damage function would be lowered
even further by gradual removal of
damageable property. the sketch displays
the impact of land use controls
implemented immediately on the damage
potential at some point in the future.
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Summary

Table 4 below summarizes the effects change at the site of the measure.
of the measures discussed. The Exceptions are noted in the footnotes.
relationship effect represents the
immediate (in time)

Table 4: Effect of Flood Plain Management Measures
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Damage-Frequency Integration Procedure
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Exhibit 2

Damage-Frequency Integration Procedure

Introduction

An accurate computation of expected
annual damage requires good input data and
a good integration method. The user is
responsible for preparing good input data.
Because linear interpolation is used to define
most of the relations, the input data points
must be selected to adequately represent each
relation by a series of straight lines. Past
experience has shown that integration by the
usual summation of rectangular areas can
result in significant errors because of the

nonlinearity of the damage-frequency function.

An integration procedure has been developed
for expected annual damage which will yield
accurate results and is computationally
efficient.

Exceedance Frequency Matrix

To obtain expected annual damage, a
damage-frequency matrix is necessary.
Therefore, depending on input, several levels
of interpolation may be necessary to obtain
the necessary matrix. If the input matrix is
already damage-frequency, the interpolation
routines are bypassed and the process goes
directly to the integration step. As the
interpolation process keys on the input
exceedance frequency values, additional
exceedance frequency points are internally
inserted between the input values to better
define the nonlinear relation as well as to
more accurately define the beginning of
damage. Nine exceedance frequency values
are added that are 1/10 of the interval
between each pair of input exceedance
frequency values. Therefore, if the first two
input values are 90.0 and 80.0, the nine
values added between this interval would be
89, 88, 87....etc.

If flows (or stages) corresponding to
exceedance frequencies are provided for
several input data years, then the flow (or
stage) corresponding to the frequency is found
by linear interpolation between input data
years for the year that expected annual
damage is being computed.

The frequency-flow or frequency-stage
matrix is highly nonlinear. To more nearly
linearize the matrix for interpolation, the

frequency scale is transformed to either
normal standard deviates when annual series
frequencies are entered or to logarithms when
partial duration series frequencies are entered.
A logarithmic transformation is made to flows,
but no transform is made to stages. The
transformed values are fit by a cubic
polynomial procedure, and either flow or stage
values, depending on input, are found for each
inserted frequency value.

Computation of Damage

A damage value must be computed for
each input and inserted exceedance frequency
value. The exact steps that are taken depend
upon the input data. The usual input
matrices of flow-exceedance frequency,
stage-flow and stage-damage are used to
illustrate the process.

After the flows are interpolated for each
exceedance frequency as described above, the
stage for each of the flows must be found
from the stage-flow matrix (rating curve).

The appropriate stage-flow matrix for the year
in which expected annual damage is being
computed is found by linear interpolation if
the rating curve was expected to change with
time. Completion of this step provides a
stage-frequency matrix.

Next, the damage values corresponding to
the interpolated stages from the previous step
are computed for each damage category. If
the damage values change with time, the
appropriate stage-damage matrix is computed
first for the year in which expected annual
damage is computed. Completion of this step
provides a damage-frequency matrix for each
damage category.
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Figure 16: Illustration of Integration Procedure
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Integration

The remaining task is to integrate the
damage-frequency matrix to obtain the
expected annual damage. The matrix is well
defined at this point because of the insertion
of the additional exceedance frequency points.
This matrix can be quite nonlinear in nature
so it is also fit by the cubic polynomial
procedure mentioned earlier.

The exceedance frequency values are
converted to exceedance probability values by
dividing by 100. Then the area between each
pair of points is found by the three-point
Gaussian quadrature method. This method
computes three points between a pair of
points for the X variable (exceedance
probability in this case) and then finds the
corresponding Y value (damage) by the
cubic-polynomial fit. These three Y values are
given mathematically derived weights,
summed, and multiplied by the X interval.

EXHIBIT 2

This area
added as
last step to
integration

Area under curve is
expected annual damage

Exceedance Probability

The first input value should be at or below
zero damage or truncation of expected
annual damage will occur
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Repeating this process for each successive pair
of exceedance probability points and summing
the results yields the expected annual damage
between the limits of the input exceedance
frequency values.

The analyst must select a beginning
frequency value that is below the
nondamaging stage because there is no
extrapolation to zero damage. At the other
end of the curve, the analyst must select a
fairly rare event (such as an exceedance
frequency of 0.1% or 1,000 year return period)
in order to calculate a more accurate
integration. A rectangular area is added to
the area determined defined from the
analyst’s input exceedance frequencies. It is
equal to the product of the last exceedance
probability times the damage associated with
that value (see Figure 16). Table 5 shows the
computer solution to the data in Exhibit 3,
Example Computation.



Table 5: Computer Integration Steps
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Exhibit 3

Example Computation
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Exhibit 3

Example Computation

Introduction

This example illustrates EAD’s
computational methods, to compute single
event damage, expected annual damage and
equivalent annual damage. It is assumed that
damage, flow, stage and frequency data have
been collected by field survey or other means,
and that these data have been put into the
traditional stage or flow-damage, stage-flow
and stage or flow-frequency matrix form.
Stage-damage, stage-flow and flow-frequency
matrices are selected for this example and are
shown on Figures 17, 18, and 19. In addition
to these, the computer program can handle
other combinations such as frequency-damage;
or stage-damage and stage-frequency; or
flow-damage and flow-frequency; or
flow-damage, stage-flow and stage-frequency.
The computational procedures are essentially
the same for all combinations.

Damage-Frequency Matrix

When Figures 17, 18, and 19 are
combined, the damage-frequency function
shown in Figure 18 is obtained. There are
several ways to do this by hand. One might
select elevations on the stage-damage matrix
(Figure 17), use these same elevations to find
corresponding flows on Figure 18, use the
flows to find corresponding frequencies on
Figure 19, and thus relate damage to
frequency. Or, one might reverse the
procedure and begin with selected frequencies
and find corresponding damage. What is of
critical importance to achieve an acceptable
level of accuracy in constructing the
damage-frequency matrix is that each matrix
used in the derivation be defined with
carefully selected points, such as significant
slope breaks, such that a linear interpolation
between points is a reasonable representation
of the actual function.

In hand computations this is sometimes
difficult to do unless a large number of points
are selected. For example, while sufficient
elevation points may be selected to define a
stage-damage matrix, these same elevations
may not accurately define the stage-flow
function. Since hand computations use one
set of discrete points the only alternative is to
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go back to the stage-damage matrix and take
additional points. In the computer program
each matrix used in the derivation of the
damage-frequency matrix can be defined with
up to 18 points and each set of points can be
different. For example, the stage-damage
matrix can be defined with up to 18 points
and the stage-flow with up to 18 entirely
different points, and the same for the
flow-frequency matrix. This allows each
function to be defined independently and
accurately and lets the program do the linear
interpolation. Additional points are developed
internally within the program and these are
discussed below.

In this example, nine frequency points
were initially selected to define the
damage-frequency matrix and illustrate the
computational procedure. These data are
shown in Table 6. Corresponding stages were
obtained from Figure 18 and damage from
Figure 17. Each damage value represents the
estimated damage for a flood of a particular
exceedance frequency. The damage-frequency
data in Table 6 are plotted in Figure 20. The
interpolated values were obtained from
program results.

In the computer program the sequence of
computations is the same as that described
above except that nine intermediate points are
used between each pair of input frequency
values. For example, if the frequency input
data values were those shown in Table 6, the
computer would interpolate between .1 and .2
and compute nine intermediate points, .11,
.12, etc. Each of these points would also be
used to compute damage values. A cubic
polynomial fit routine uses the input and
intermediate data to compute additional points
prior to integration. The use of intermediate
points allows for a more accurate
determination of the damage-frequency
matrices. This point is illustrated in Figure
20 which shows both the input data and the
intermediate points computed by the program.
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Figure 17: Stage-Damage Function
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Figure 18: Stage-Flow Function
B5AFREY 21:24:47
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Figure 19: Flow-Frequency Function
B5AFREY 21:53:@3
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Figure 20: Damage-Frequency Function
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Table 6: Development of Da

mage-Frequency Matrix

Single Event Flood Damage

Using Figure 20, flood damage can be
estimated for any flood event of known
frequency simply by picking the damage off
the curve at known frequency values. For
example, the 1% chance event (1.0 exceedance
frequency in events per 100 years) would
cause an estimated $2.39 million damage with
1980 conditions. The 2% chance event (2.0
exceedance frequency) would cause an
estimated $1.5 million damage. The computer
program can compute damage for any single
event using stage or flow as its input values
instead of frequency.

Expected Annual Flood Damage

Expected annual damage is the average
damage which can be expected to result from
many years of flow experiences with
conditions remaining unchanged. It is
computed by weighting each damage value in
Figure 20 according to its probability of
exceedance. Graphically this amounts to
finding the area beneath the
damage-frequency curve over the entire range
of damaging events. It needs to be
emphasized that the correct computation of
expected damage includes the full range of
probabilities from initial threshold to zero.
Any truncation, that is, not going to zero or
to the threshold will result in an error which
can be significant depending upon the shape
of the function. The hand integration or
weighting of the damage values is commonly

EXHIBIT 3
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performed by planimeter or rectangular area
computation., The latter approach is
illustrated in Table 7.

Equivalent Annual Flood Damage

The expected annual damage computed
from Figure 20 is for 1980 conditions. That
is, the damage, stage, flow and frequency data
are characteristic of the flood plain and flood
hazard in 1980. If these conditions were to
remain the same in the future, then the
expected annual damage value would be the
damage which could be expected to occur
during any one year. However, it is common
for conditions to change--damageable property
in the flood plain may increase or decrease,
urbanization upstream may cause increased
runoff, or the channel itself may change. For
these and other reasons it is necessary when
analyzing flood damage over a period of time
to compute expected annual damage for each
year conditions change. The method of
computation is the same as that described
above and only the damage, stage, flow or
frequency data change. Rather than compute
expected annual damage for each year, it is
common practice to select several future years
and interpolate or extrapolate.



Table 7:

Computation of Expected Annual Damage (1980 Conditions)

To illustrate the methodology used in the
computer program, assume that it is desired
to compute equivalent annual damage for
Reach 1, Plan 1 and damage category
residential structures for a 50-year period of
analysis and 7 percent discount rate. Assume
1980 is the base year (first year of project
operation) and that conditions change for
future years but only year 2009 will be used
to compute expected annual damage for these
future years. Figure 21 illustrates this
problem. Each year’s damage is assumed to
occur at the end of that year.

Because it is the economic, hydrologic, or
hydraulic conditions which may change in the
future and not directly the expected annual
damage, the computer program interpolates
stage, flow, and damage data from input years
to compute similar matrices for decade years.
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Figure 21: Period of Analysis
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This is illustrated in Table 8. For this
example, only flow-frequency data are
assumed to change in future years (future
urbanization upstream). If stage or damage
data were to change, the same procedure
would be used. The 2009 matrix is shown in
Figure 19.
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Table 8: Computation of a Flow-Frequency Matrix for Decade Years

Flow-frequency data are known for 1980 described in the previous section for 1980.
and 2009. Similar data are computed for Figure 22 illustrates the results (the values
decade years 1989, 1999, 2019 and 2029. shown are program results). In situations
Values between 1980 and 2009 are obtained where the input data years are not decade
by linear interpolation. Beyond 2009 the years (for example, if year 2005 was entered
same values are used as for 2009. These instead of 2009), both input data years and
computations are shown in Table 8. decade years would be included in Figure 22.

Next, expected annual damage is
computed for each decade year. The method
used is exactly the same as that already

Figure 22: Time Distribution of Expected Annual Damage
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(All values are end of year values)
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Expected annual damage for years
between decade years (1981, 1982, etc.) is
computed by linear interpolation. This is
illustrated in Figure 23.

At this point, expected annual damage has
been computed for each year throughout the
period of analysis. The remaining step is to
discount all of these values back to time zero
(the beginning of 1980 which is the same as
the end of 1979) and amortize the present
value over the period of analysis. The
computer program discounts each individual
year and amortizes the sum. Sample
calculations are shown in Table 9.
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Table 9: Example Discounting and Amortization
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Exhibit 4

Test Examples of Input and Output
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Test Examples

The input and output for four test
problems are provided to illustrate the use of
various records and to assist the user in
verifying the correct execution of the program
on different computer systems. Input and
output showing every combination of possible
input data and desired analysis options would

Test Example 1 Computatlgn of

SRR
eeRcassiiseRR s

Features of this example:

Description of This Example:

of Input and Output

be voluminous. These four examples should
guide the user in input preparation for the
usual applications. A brief description of each
test example is provided, which is followed by
a listing of the input records and output for
the three examples.

Damage for Events

e One reach.

¢ Three damage categories of urban, rural and
crops.

e Three flood plain management plans:
« natural conditions
o three existing reservoirs
+ addition of a proposed reservoir.

¢ Computation of event damage for four peak flood
events (1944, 1948, 1951, and a hypothetical event
labelled 9999).

The analysis of event damage can be accomplished
two different ways. One way is to assign each peak
flow an input data year and input sequentially on QF
records, as was done for the test output. Another
way would be to enter all four events on one QF
record. The disadvantage of this method is that the
events are not labelled by year on the output. Note
the minus one (-1) in the second field of the FR
record as this value indicates the computation of
event damage values only.

65 EXHIBIT 4



"oyt

4

"00s

‘6¢

"0y

“LE

00s.¢

K43

026

‘og

‘08¢

"0SL
-4
"0%¢
“ve
‘0601
‘002
2y
S°Ye
00sie

‘0¢

*065
'8¢
‘ogi

e
"0s0L
‘o0l
STy
6°2¢
00002%
00s61
4

"0g
‘086
1]
sTov
41
0000
0008
‘oY
‘8

oLyl
“ove

T4
‘oY

£°8¢
006

9°6¢

$°0g
92 0004%l
L 00L9i

‘8¢

"08¢gl
"002
‘0%
4

"0¢

"Le
“0£8
K4
“6¢
“62
000¢8
00051
“9¢
"92

000642
cooo8
00059

‘09¢l
‘0

‘8¢
‘€2
‘022
‘0

K4
14
‘082
0

S 8¢
T4
00509
00021
13
‘ee
00009%
0009¢Y
000£8
00gel

2 Ls6llYy-d
2 8%612Y-d
Z "61lY9-d

‘olgl

£
"9¢
€l
‘089
4
STy
L
009
l
‘8¢
9l

000S%

“he
Sl

l
‘osel
PA RS
“he
L9-d
‘009
ASL.
S" 0%
AR
“0Ls
iY-d
§°L¢
PARL
006gs
l%-4
13
l%-d

1 6666L%-4
1 1S612%-¥
L 8%61L%-¥
L ¥961.1%-4

{-

29-4

¥3IN3D ANNGOd ‘¥ DI 01 ¥D 1IVWS Z¥-¥

6666

1S61

8v6l

4961

K

YJIOAYIS3Y 03S0dOYd MIN SNId SL1I3r0dUd ONILSIXI ¢
SYIOAYISIA ONILSIXI 33YHL HLIM 2
SNOILIQNOD TVANLVN |
Nvadn

6861 HIAVH
S¥VYTI00 ONVSNOHL NI S3NTVA 3J9VWva
(6666) LN3A3 TVIILIHIOMAH 3NO OGNV SINIA3 1S6L AINr
aNV ‘8961 ATNP ‘H¥61 T1¥dV 40 Lv3IdIY WOY¥4 G3123dX3 3DVWYQ
ATINO 39VWVQ JO NOILVINGWOD -- |

SdO¥d

Tvand

"ON

€

1s3l

40
40
40
d3
94
90
as
as
9d
9d
as
as
94
94
as
as
S0
SO
0s
0s
40
40
40
40
-El
NY
Ad
Nd
Nd
Nd
N3
11
i1
11
11
11

068295%£21068295£210682957£21068L957£21068L95Y¢21068L959€210682957£210682959¢21

8

pa

9

S

b/

€

4

l

9¢

= (NMFWNONMNOO

YIGWNN
43Qu0
QY003

xx NIGVIY A8 QVIY SCY0IIY 40 ISIT x«

LR R ananasa s SRR RS R T o T Ry
8861 ‘L Jequadag
31q(1edwo) 2d-Wal
+ uolleinduwo) sbeweq pool4 jenuuy psidadx3 +
B R L S S s

+
+

2318Q UOLSJaA +
089271-9X-192 +

66

EXHIBIT 4



g 3114 TvII907 OL NILLIYM SQYOIT 1%

00056
000622
00062
0009¢

000L6E

3
€ 6666.9-4
¢ 1661L9-¥
€ 8¥61.2%-3
€ y96lLY-d
e
2 6666L%7-8

-~ NIQv3d

racy
40 2%
0 LY
10 0%
40 6¢
d3 8¢
10 L¢

EXHIBIT 4

67



i 0 A R am s SRS
B m b a T N e LA nean s TR A S e

6666 Ls61 8961 961 ki AQ
SYAQI  SYAQN

#xSYV3A VIVQ INdNIxx

JIOAY3SIY d3S0d0Yd M3N SNTd S1I3roYd ONILSIXI € Nd
SYIOAYISIY ONILSIXI 3I3UHL HIIM 2 Nd

SNOILIGNOD WANIYN 1 Nd

#xSTWYN NV1d LNIWIOVYNVH NIVId QCOTdxx

SdO¥d  TV¥NY  NVEdN € N2
*xSTIHYN A¥0DIALVD 3DOVWYGxx

6861 HOYWW L1

S¥V1100 GNYSNOHL NI SaNTVA 39vWva 11

(66667 LNIAT IVO113HIOAAH 3INO OGNV SIN3AZ 1561 AP 11

aNV ‘8%6L AINM ‘4461 1AV O LV3dI¥ WOY¥4 @3L1D3dX3 39VWvG 11
ATNO 39VWVQ 40 NOILVINWOD -- | "ON 1S31 1l

B R L Y S R
+ 8861 ‘1 Jaquadaq 23BQ UOLSJU3A +
- 91q13edwo) Jd-Wel 08S21-9X-192 +
+ uotieindwo) abeweq pool4 1enuuy paidadxy +
B S SS  E  S e n T = L TSNy

68

EXHIBIT 4



R R A a s S TR A S S ST P TT TR ey | |
#x L NV1d 304 ViIvd INANI JO ONJxx

00°0%LL 00°0£6 00°0S. 00°06S 00°0S%

00°2¢

00°00s

00°6¢

00°0%Y

00°2¢

'00622

00°2¢

00°0¢

00°08¢

00°.¢

00°00¢

0.°s¢

"000%2

00°1lE

00°62

00°0%2

00°%¢

0070601
007002

00°2%
0S°%¢

"00sile

00°0¢

00°82

oo-ogl

0% Le

00°0s0l
0o0-ool

0s°LYy
06°¢¢

*0000.%
‘00s6l

0072y
00762

00°92

00°08

00°0¢

00°086

00°58

0570y
00°2¢

“000092
“0008¢

00°0%
00°82

00°0LYL
00°0%¢

00°2%
00°42

00°0%

0¢°82

007006
00°s2

09°6¢
0s°0¢

“00049L
‘00L9L

00°8¢
00°/.2

00°08&L 00°09¢L 00°0lLElL 00°0S2L
00°002 00" € 0 y7612%-4 94
*xV1VQ J9VWYQA Q00T xx

00°0% 00°8¢ 00°9¢ 00°¥E
00°% 00°¢2 €l l%-4 Qs
»xVY1VQ JOVAVQ Y04 SIOViSxx

007022 00°089 00°009
0002 00" < 0 ¥76il%-¥ 9d
#xV1VQ 39VWVA G007 xx

00°2%Y 0S°L%? 0S°0%
00" 00°¢2 LI l%-d4 @GS
*xV1VQ 3OVWVA Y04 S3OVISxx

00°0¢8 00°0SZ 00°009 00°0LS
00°¢ 00" L 0 y%6Ll%-d4 94
#»V1VQ 3OVWYQ QO0Td«x

00°6£ 0S°8¢ 00°9E  0S°LE
00°62 00°€e 9l l%-¥ QS
*xY1VQ JOVWVA ¥O4 SIOViSxx

"000£8 "00S09 °000SY °00SEE
“000sL "oo02L 0 Y%6L.%-4 SO
»xIAIND ONILVY Y04 SMOTdxx

00°9¢ 00°SE 00°%¢ 00°¢€
00°9¢ 00°¢2 &l l%-4 ©S
*xJAUND ONILVY ¥O4 S3IOV1Sxx

“00009% | 6666L7-Y 40
“0009¢% L LS6LLY-¥ 40
"000¢8 L 8%6LL%-4 40
"00¢2L L 9%61L9-¥ 40

#»xSAV3d Q00Vdxx

00°L- l%-3 ¥4
*xSITININOIY v

++++ YIVA LNdNT ++++

¥3INID JINNGOd ‘¥ D18 OL ¥D TIVWS Z2%-3 N

- JWYN HOV3IY ‘L HOV3Y

EXHIBIT 4

69



£e°¢0ce
viol

£e7e9Le
wiol

%9 6261
vioL

Y268t
iol

4678091
Sdo¥)

8g"2ls
vany

SNOILIGNOD TvaNLwN

917 50%L
Sd0yd

01" %69
TvHny

SNOILIGNOD TVAN1VN

oo'oigl
Sdo¥d

gereee
WVaInd

SNOILIGNOD TVYENLYN

€2°5621
Sdo¥)

V1%
Ivany

SNOILIGNOD TVANLYN

06" LY ‘000097 00°L- 1
39vis Mo14 VELE]

8¢7¢80L
Nve¥n

-- 6666 YY3A ANV | NVId ¥0d V1IVQ 3OVHVQ++

89°LY '0009¢y  00°L- L
3ovis MoTd 0344

0L" %901
Nvgdan

-- 1G6L ¥YIA GNV | NVId ¥04 VIVQ 3OVWVQ++

00°9¢ *000£8 00°L- 1
39vVis ho14 0334

3343
NVEINn

-- 8961 ¥VIA ANV | NVId ¥04 VIVG FDVKVQ++

227682
Nvadn

413 ‘00g2L 00°L- |
39vVis Mo14 0344

-- Y961 ¥VIA OGNV L NVId d03 VIVQ IDVWVQ++

70

EXHIBIT 4



9870608 1.°86%L 187659
wiol $d0¥d TvHNy

SYIOAY3SIY ONILSIX3 IIYHL HLIM

80°¢glée  12°28gl  g2784S
w101 Sd0¥d Tvany

SYI0AYIS3Y ONILSIX3 IIYHL HLIM

90°Ls6L  00°90¢L  LitZleg
viot SdO¥I VAN

SYIOAYISIY ONILSIXT 3IUHL HIIM

£e70%8L 007992l 007962
wiol Sd0o¥d Ivany

SYIOAY¥ISIY ONILSIX3 3IIYHL HLIM

£e°esol  s2tLy ‘000L6E  00°L- L
NVadn 39V1S MOTd 03¥4

== 6666 ¥VY3IA OGNV 2 NYId ¥04 VYIVA IDYWYQ++

79°1s6 8i°0% “00062¢ 00°L- L
Nvayn 39vVis Mo1d VELE]

== 1G61 ¥VIA ONV 2 NVId ¥04 ViVa 3OVWVQ++

§67L1LE 18°S¢ “00008 00°L- |
Nvaan 9VLS 1074 [VEL-F]

-~ 8%61 ¥V3IA ONV 2 NV1Id d04 VIVQ 3OVWVQ++

£¢°862 02°se “00059 00°1- L
Nvadn 39vis MOTd 0334

== %961 ¥VIA ONV 2 NVId ¥04 VIVA FOVWVQ++

B R B s En L T R S SR P W T T weRew |

*x ¢ NVId ¥04 VIVQ INdNI 40 ONJwx

“000L6E 2 66661%-¥ 40
"000622 2 LS6LZY-¥ 4O
00008 2 8%61ly-d4 40
00059 2 "h61ly-4 do

*»xSAVId QOOTdxx

++++ VIVQ INdND +++4

¥3IN3D INNGOd ‘¥J DIA OL ¥J TIVWS Z%-¥ N¥

- 3WYN HOVIY ‘L HOVIY

D R e m m S R s e R ST S R TSI T S U O T P TN WY

EXHIBIT 4

71



06°2%02 8L 6lEl  ¢£870SE
wiol Sdo¥) TVanY

410A¥3SIY Q3S0d0Yd MIN SNId S123r0dd INILSIX3

927482  1879.¢L  60°0£S
W10l $do¥d TVINY

YIOA¥ISIY 03S04O¥d M3IN SNTd SLI3rodd YNILSIX3

1272881  S27eSll 96°S91
Tviol SdO¥d Ivany

YIOAY3ISIY Q3S04OYd MIN SNId S1J3ro¥d HNILSIX3

897821 0076601  S27.fL
viol SdoYd IVany

YIOAY3ISIY 03S04O¥d MIN SNTd SLI3rOdd HNILSIX3

69°2.¢ 8879¢ "000S6 00°L- 1
NYEYN 39vis Mo14 LNELE]

-- 6666 ¥Y3A OGNV € NYId ¥04 YiVQ JOVWYQ++

99°288 SY°6¢ “00062¢ 00°L- 1
NVEdN 39vis MOd 0334

-- 1961 dV3A GNV £ NVId ¥0d4 YLVA JOVHYQ++

05729 LTaE4% “00062 00°L- L
Nvadn 3JoVis Mo1d o3dd

== 8%61 ¥VIA ANV £ NVId ¥0d VIVA 3DVWVQ++

£y 9y 45°1¢ “00092 00°L- 1
NVadn 39vis MoTd 03y

== %961 dV3IA QNV € NVId 404 ViVQ IOVWYQ++

B R mn s E t o T SN NN R W Wy b

#x £ NVId 304 VIVQ LNdANI 30 ONIxx

00056 € 6666L%-4 40
‘000622 £ LS6LLYy-¥ 4o
“00062 € 8Y61l9-4 40
00092 € Y96liy-4 40

*»¥SAVId Q00T xx

++++ VIVQ INANT ++++

¥31N3D JNNGOd ‘¥D DI8 OL ¥D TIVHS 2%-¥ NY

- 3JWYN HOVIY ‘L HOVIY

B T R m s R s AR s R b e e T T T NNV T E N w e uw

72

EXHIBIT 4



967¢l9  89°82L L6°LS £e70%8L v2 268l  vlol

EXHIBIT 4

€/°002 0075601 €£.°6 0079821 £.°S62lL  SHO¥I
68°2LL  s2°lgl YL°SL 007962 YL°LlE VAN
6°8¢2 €99y %0°2¢ £€e789¢  L£°68¢ NYgin

a3dngay  NvYId/M 430NQ3d  NYId/M (L NI
J0VWVa  3OVWVAQ  3O9VWVQA  39VWVQ NOILIONOGD  A¥093iVD
"TTTE ONVId "t tttTZ NVId Tt 3sve 39VWYa
INJA3 A8 F9YWvVQ = ° = ° * ° °
Y961 ¥V3IA VLIVA LNdNI ¥04
S3IY0DILVY FIVHVA TV - AYVHWNS ONYYD

YJOAYISIY 03SOdO¥d MIAN SN1d S1J3rodd ONILSIX3 - €
SYIOANISIY ONILSIXI 3IIUHL HIIM - 2
SNOILIQGNOD TVANLYN - |

SNV1d LN3W3OYNVH NIVId GOOTd x«

6666 1S6L 8%6L Y96l =  SUVIA VIV INANI x«

»x AY0DILVD A8 AUVWKNS ONVYD xx

73

(6666) INIAT TVOILIHIOMAH 3NO ONV SIN3AT LS6L ANF
ONY ‘8961 ATNM ‘9961 TI¥dV 40 L¥Id3Y¥ WO¥d G3ILI3IdX3 3IVWYQ
ATNO J9VWVQ 4O NOILYINdWOD -- | "ON 1S3L

LI A A N I I I R R R I I R I R R o A A I I R I A A A A I T I I S N N S S N N S S S R S S
L R R I I I R R I I I I T I R A I N N L E R R R E R E

»x SIWVYN HIVIY JO AUVRWNS xx

(6666) 1NIAT TVIILIHIOMAH INO ONV SINIAI LS6L ANr
ANV ‘8¥6L AINP ‘9961 TI¥dV 4O 1¥3dI¥ WO¥4 d31D3dX3 3IOVKYQ
ATNO J9VWVA 40 NOILVINGWOD -- | "ON 1S3l

L A A L I I I I I I O O A I A Y I R L E R R R R X
ERE I I R A I I R R O O . I T I I O O I I A A R A A A N N I I I N R N P R e )



£9°889 127/8¢l 8G°%2 90°1S6L ¥9°Sl61  ViOL

§2°9sl  S2°gSlL 00°% 00°90¢L 00°0LEL  SJO¥I
287291 96°99L 2279 L1728 €8°6EE VAN
18°%92 05729 9g° 9l G6°llE  lgTees NYEan

a3dNa3¥y  NvId/M Q3INa3¥ NvId/M (L NVId)
JOVWVA  30VWVQ  JOVWYQ  39YWYQ NOILIGNOD  A¥O9DILYD
TTTTEONVAd T tttt2 NV Uttt 3sva 39VWva
IN3A3 A9 30VWvQ * °= * ° ° "

8961 dvVIA Viva INdNI ¥yOd
SITY0IILYI IOVWVA TIV - AUVHWNS ONVED

YI0AYISIY Q3S0d0Yd MIAN SNTd SLI3ro¥d ONILSIXI - ¢
SYIOANISIY ONILSIXT 33YHL HIIM - 2
SNOILIGNOD IVY¥NLIYN - |

SNY1d LN3WIOVNVK NIV1ld Q007d x«

6666 1S61 8Y6L YH61L = SYVIA VIVQ LNdNI x»

74

*x AY0D3LVD A8 AYVWWNS ONVYUD x»

(6666) LNIA3 TYIIL3IHIOMAH INO QGNV SIN3AI LS6L Ar
ONY ‘8%61 AINP “9%61 T1¥dY 40 1V3d3I¥ WO¥4 Q3103dX3 JIVWVG
AINO 39VWVA 40 NOILVLINGWOD -- | °“ON 1S3l

L A R A I I R I O R N A N I I I I I R R R R R P R S A N N N S N S R A N A
L I A I I I I I I R A N R E R R R Y

»x S3WVN HOVIY 40 AAVWWNS xx

(6666) LN3IA3 TYIILIHLIOMAH 3NO QONV SIN3AT LS61 AN
aNY ‘8%6L AINP ‘9961 TIY¥dV 40 Lv3IdIY WO¥d 03123dX3 3IVWVQ
ATNO 39VWVQ 4O NOILVINDWOD -- | °“ON 1S3l

LA B A AR BE I S R IR I B L BE L N B B B B NE N N N 2 S B N BT N N R T R B N R N R N S B IR R R I NE N NE NE NE N N N K R I Y

EXHIBIT 4

L R I A R I R A I A I I A R O R I I I R A A S A AP S S S RN A N N RN SN S



80°9.¢ 92°/8/2 62°0S2 80°¢lé2 ££T€9le  IVIOL

EXHIBIT 4

£9°0¢ Le"vlelL €922 12°28¢1 YL°S0%L  SdO¥D
L0"%9L  6070gSs 9¢°Sli  €27828  OL°Y69 vIny
97181 997288  SYT2lL  %9°1LS6  60°Y90L  NvEdn
a3adNa3d  NvId/M  QIINAIY NvId/M (L NvId)
3OVWVQ  39VWVQ  J9VWYA  3IVHVA NOILIANOD  A¥093ILYD
N N | AT B | AC R 3sve 39VWYQ
IN3JA3 A8 30VWVQ ° * ° * ° ° °
1G6L ¥VIA VIVA LNdNI ¥04
SITY0DILYD 3OVHVA 1TV - AUVWWNS ONVED

YIOANISIY Q3S0dO¥d MIAN SNTd S123r0Y¥d ONILSIXI -
SYIOAY3SIY ONILSIX3 33YHL HIIM -

SNOILIOGNOD TVANLVN - |
SNVId IN3W3OVNVW NIVId Q0074 ««

N M

6666 1S6L 8%6L Y961 = SAVIA VIVA INdNT wx

75

xx AYODIALVD A8 AYVHWNS ONVYD xx

(6666) LN3IA3 TVIIL3HIOMAH 3NO ONV SIN3IAI LS6L AN
aNY ‘%61 AINP ‘9961 TI¥dY 40 L¥3d3¥ WO¥4 43193dX3 39VWVA
AINO 3F9VRVA 40 NOILVINJWOD -- | "ON 1831

LA B A R I L O I L L R I O N B N N I I B B R N L B AR I L B B R B IR NE N N AR S JERE NE R R S NE N NE B IR RE A R N )
LB B A IR L A R B L N B B N B N R R SR N B N N R N N N B AR B A IR R R NE AR E R N R SR N N IR B I NE N R N N N E A N N

¥3INID JINNGOd ‘¥ 918 OL ¥ 1IVHS /%-d y-4 |

*x SIWYN HIVIY dO AAYVRHNS wx

(6666) IN3AI TVIILIHIOMAH INO ANV SINIAI LS6L Anr
ANV ‘8961 AINP ‘9461 T1¥dV 40 1v3adI¥ WO¥4 03133dX3 39VWY(
ATINC 39VWVQ 4O NOILVINAWOD -- | °ON 1S3L

LI I R R R I A N I N N A R R R E R T
LI I I R R A A R I I I I I A R R A A N N R T



€7°09LL 0672702 8%"2lLL 987060% ¢££°£02¢ IVIOL

0268 gerolel 9876 12°86¢L 1S°80%L  SdO¥D
Se°l9g  £€8°08E  ZS8°2S 187659 8£°2lL ANy
69°60L 69°2.& S0°0S £€°2¢0L 8£°280L  Nvadn

a30na3¥d  NvVId/M  43oNa3¥d Nv1d/M (L NVId)
39VWYQ  39VWYQ  JOVWYA  39VWVA NOILIGNOD  A¥0931VD
SR T & - A || A T B 3sve 39VWYa
IN3A3 A8 2OVWVQ * = * ° ° *° °

6666 ¥V3IA YivQ INdNI ¥Od
SIIY0DILVD IOVWVA TV - AYVWWNS ONVAD

YIOAY3SIY Q3SOd0O¥d MIN SNId S1I3r0¥d ONILSIX3 - ¢
SYIOAYIS3Y ONILSIXI 3UHL HLIIM - ¢
SNOILIQNOD IViNLIYN - {

SNV1d LN3W3DVNVW NIVid Q0074 x»

6666 1961 8%61 Y¥6L =  SUVIA VIVA INANI x»»

76

*x Ad093LVD A8 AYVWWNS ANVID xx

(6666) LNIAI TvII13IHLIOdAH 3INO ONV SIN3AT LS6L AINP
aNY ‘8961 ATAC ‘H%6L 11¥dV 40 1V3dIY WO¥4 @3103dX3 JOVWVd
ATNG 39VWVQ 30 NOILVINGWOD -- L °"ON 1S3l

LA B S IR I R L N B N N N N B B B N S B N B L N B N N N B B B R B N B FE R B R K B R E BE NE NE B IR IR 2R 2K K N R JF N SRR 3
LA N B IR B R N K T B B N N N N I IR L I N N B N N N B R B IR B B N R B R R L B B B R N NE R B N R IR B NE N R N A R 3

¥3ALN3D JNNGOd ‘¥D DIQ OL ¥D T1IVWS Z2¥-¥ 9-3 |

*x S3WYN HOVIY JO AAVHKNS xx

(6666) LNIAI TVIILIHIOAH 3INO ANV SIN3AT 1661 AP
ANy ‘8%61 AINT ‘HH6L 1I¥dV 40 LvadIY WO¥4 03123dX3 IDVWYE
AINO 3OVWVQ@ 40 NOILVINGWOD -- | “ON 1S3l

L N B K 2R B N N B N B NN 2 B N A N IR B T N N B N N B N N B I B B N R TR R R R B N Y R R R R O N R R A K
L N B B R R B IR IR SR N B B R B N N B S L N N B N B I N N IR R I B N N B IR IR N B N R N NE R R R R N S R R

EXHIBIT 4



Test Example 2 Period of Record AnalySIS

......................................... R A M e
SN R R i

Features of this example:

Description of This Example:

¢ Two reaches.

o Three damage categories of agriculture, services
and urban.

e Four flood plain management plans:
« Natural conditions.
+ One existing reservoir.
+ The addition of a proposed reservoir.
+ The substitution of a proposed levee in
place of the proposed reservoir.

e The frequency curve at Reach 3 is expected to
change with increasing upstream urbanization.

e The flood damage data at Reach 13 is expected to
increase with development in the flood plain.

¢ Computation of expected annual damage and
equivalent annual damage for a period of analysis.

The period of analysis of 100 years and the expected
project completion date of 1981 are required on the
J1 record and the interest rate of 6-3/8 percent is
required on the J2 record. The frequency curves
(QF records) are entered for three input data years of
1976, 1990 and 2020 for Reach 3. The damage data
for Reach 13 are entered for the same years on DG
records.

The printout suppression option (PP record) was
changed after the first plan of Reach 3 to suppress
the damage computed for each flow (Code of 2) and
the expected annual damage for the base year and
each decade year (Code of 4). The input code for
JDGPR on the PP record is then the sum of 2 and 4
which is 6.

Note that flood plain management plans 3 and 4
do not affect Reach 3 and Reach 13 is far enough
downstream that the increasing frequency curve at
Reach 3 is assumed to have no effect. The basin
schematic is shown in Figure 24.
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Figure 24: Test Example 2 Schematic
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Test Example 3 Retrleval of Damage Data from HECDSS

Features of this example:

Description of This Example:

EXHIBIT 4

R R s

® two reaches.

@ Seven damage categories (contents for residential
and commercial are separated from the main
categories).

® Two alternative plans.

® Stage-frequency same for both plans,
stage-damage matrices change (nonstructural
plan).

® Stage-damage matrix retrieved automatically from
HECDSS data file. This matrix was created by
HEC program Structure Inventory for Damage
Analysis (SID). See the SID manual for the
creation of this stage-damage matrix.

This test example demonstrates the automatic data
retrieval capability of the EAD program, by illustrating
retrieval of stage-damage matrices from a DSS file.
The capability is not limited to stage-damage matrices
but also includes flow-frequency and stage-flow
matrices. Retrieval procedures are similar. The
capability presently exists only on Corps of Engineers
supported mini-computer facilities and on MS-DOS,
Compaq compatible microcomputers. The DSS system
that makes this capability practical is currently
distributed to the public on for MS-DOS
microcomputers.

The stage-damage data were developed by the
HEC program "Structure Inventory for Damage
Analysis” (SID). The example herein is similar to
Exhibit E-5 in the SID Users Manual. Specific codes
and pathnames must be specified for the SID run,
when performed, so that data are available in the DSS
for retrieval by EAD. Exhibit 5 in this manual and
E-5 in the SID User Manual provide further
documentation. A publication is planned for fiscal
year 1984 that describes the integrated family of flood
damage programs and will provide specific instructions
for making use of the DSS linkage capability.

The test problem retrieves two sets of stage
damage functions for two reaches. The key elements
(other than a normal run for EAD) are the
specification of the pathnames on the ZR records and
noting on the appropriate DG records that data will
come from a file.
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Test Example 4 wComput:atlon of Affluence Using RC Records

Features of this example:

Description of This Example:

e One reach.

¢ Four damage categories: Residential Structure,
Residential Content, Commercial, and Public.

¢ One flood plain management plan: Natural
conditions.

¢ The Residential Content Damage Category is
increasing in value during the projects serviceable
life according to the following rates:

Year Rate (annual percent)
1984 1.35
1990 1.50
2000 2.50
2015 2.70
2034 2.80

e The period of analysis is 50 years.

o The study year is 1983, the base year is 1985,
and the economic base year (the year in which
the stage-damage matrices apply) is 1983.

o The value of the residential contents at the
beginning of the economic base year (1983) is
30% of the structure value.

e During the period of analysis, the residential
contents cannot exceed 60% of the value of the
structure.

The period of analysis of 50 years and the start of the
period of analysis of 1985 are required on the J1
record.

The discount rate of 5% is required on the J2 record.
The discount rate is used both for discounting (single
payment present worth factor) as well as the
amortization (capital recovery factor equation).

The four damage category names must be entered on
the CN record.

The one plan must be entered on the PN record.

The appropriate data years must be entered on the
DY record. In this case, the analyst must enter
1983 (the study and economic base year), 1984 (the
first year of the affluence rate of 1.35%), 1985 (the
period of analysis base year), 1990, 2000, 2015, and
2034 (the years in which the affluence rate changes).
The EAD program uses the rate of change in the
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residential content value for all years subsequent to
and including the corresponding year. For example,
the rate of 2.5% and the year 2000 is used as the
annual rate from 2000 through 2014.

The FR, SF, SD, and DG records are entered in the
usual manner. The stage-damage matrix is entered
for the year 1983. If there is projected development,
then the analyst must enter additional DG records
representing and increase in damage due to the
construction of additional structures in the flood
plain.

One RC record is entered for each affluence growth
rate. In this case, there are five different rates for
the growth in content value. The content value for
the economic year (80% in 1983) and the maximum
allowable content value (60%) are entered on the first
RC record. The same values may be entered on any
of the RC records --- The EAD program uses the last
one entered.

In any given year, all structures in the residential
content category are valued at the same percentage of
the value of the structure. For example, in 1983, all
residential structures have contents which are valued
at 30% of the structure value; a $100,000 house
contains contents worth $30,000 and a $200,000
house contains contents worth $60,000. By looking at
the EAD output, the analyst can determine that in
the year 1990, all residential structures contain
contents which are 33% of the structure value. This
is computed by taking the content value in the
economic base year (30%) and multiplying it by the
"adjusted factor" of 1.10004. If development is
occurring, new structures do not contain contents
that are 30% of the structure value but rather
contain contents that are valued at the percentage
computed using the affluence growth rate (33% for
1990).

In the affluence table output, the column entitled
"UNADJUSTED FACTOR" is the computed affluence
factor based on user input growth rates. To
determine the content value as a function of the
structure value in any given year, this factor is
multiplied by the content value (in percent) which is
observed in the economic base year (30% in 1973).
For example, in the year 2000, contents are 38.7% of
the structure value (multiply 30% by 1.28922). The
maximum allowable factor is 2.0 (the maximum
content value is 60% of the structure value; the
content value is 30% of the structure value in the
base economic year of 1973; divide 60% by 30%). The
column entitled "ADJUSTED FACTOR" contains the
actual factor used in computing the content value and
it reflects the maximum limit of 60%.
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Exhibit 5
Use of HECDSS With the EAD Program

Overview of HECDSS

The DSS is a direct (or random) access
file which enables the automatic interface of
analysis programs via exchange of information
(input-output) through use of a computer
storage device (magnetic disk). The output
storage and retrieval of data utilizes a unique
classification scheme, termed "pathname", of
each data set. Application of DSS is designed
to minimize the effort of the user in
transferring data from one analysis stage (e.g.,
hydrology) to damage computations. It also
provides for some utility/file management of
the basic evaluation data.

Figure 25 shows the concept of using the
DSS in performing flood damage assessments.
Analyses for flood runoff (HEC-1), yielding
frequency curves, rating functions (HEC-2),
and elevation-damage functions (SID) are
specified for automatic output to the DSS.
These data are subsequently automatically
accessed by the EAD program to perform
evaluations of expected annual damage and
benefits. The entire process may be
performed in stages by the various disciplines
(normal situation for project studies), or
performed as linked programs for a single
program execution.

The DSS system makes use of a
"pathname” to establish the hierarchy of the
random access file. The pathname consists of
a unique hierarchical labeling scheme for each
data set. Information stored in the DSS by
an analysis program using a specific pathname
may be accessed by a different program using
the same pathname. Figure 26 depicts this
concept for elevation-damage data. In this
schematic, six levels of the pathname are
required to uniquely define the
elevation-damage functions for each damage
reach. They are:

¢ Project name (James River),
pathname part A.

e Location name (Damage Reach 10)
pathname part B.

e Parameters (elevation-damage

135

function) pathname part C.

¢ BLANK (field omitted) pathname
part D.

o Data Year pathname part E.

e Alternative name (Floodproof Plan B)
pathname part F.

For this example, the pathname may be
written as:

/Project name/location/variable//year/alternative name/

/JAMES RIVER/DR10/ELEVATION-DAMAGE//1985/FLOODP
ROOF PLAN/

The HECDSS enables the pathname to
include up to six levels of identifiers. The
EAD, DAMCAL, SID, HEC-1, and HEC-2
uses only the 5 levels shown between the
slash marks.

Different locations and/or assessments of
other alternative plans would subsequently
have different pathnames. Retrieval of the
elevation-damage functions for input into EAD
from the DSS would require the use of the
exact same pathnames as that of the data sets
desired. Other data sets stored in DSS have
variations to the pathname so each set is
uniquely labeled and retrievable. To the
extent possible, interface of the analysis
programs with DSS (using the pathname
concepts) have been made transparent to the
user. Prior to the initiation of production
executions of the programs, the user must
know the elements of the pathname for the
data stored in the DSS. Therefore, this
requires an initial understanding of the
procedures and an agreement on cataloging of
alternative plan names, station names, etc., by
the study participants prior to the initiation of
production oriented evaluations. While this
might seem somewhat burdensome at first, it
is a good study management practice for any
type of evaluation.
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Figure 25: Damage Analysis With HECDSS
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Figure 26: Pathname Structure for Damage Computation Data

Project Name (part A) PROJ (ZR)

JAMES RIVER

Alternative (part F) ALTIVE (ZR)

FLOOD PROOF
PLAN B

Parameters (part C)

Frequency-Flow
parameterl— Frequency—-Elevation
Frequency—Damage
P arameter2 Elevation—Flow
Elevation—Damage
Flow-Damage

/IAMES RIVER/DR10/ELEVATION -DAMAGE//2000/FLOOD PRROF PLAN B/
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The following paragraphs outline user
considerations relevant to using the DSS.

e The station names, pathname location
component, (control points, damage
reaches, subbasins, etc.) should have
been chosen carefully, and if possible,
be recognizable locations. The
location names used by the programs
may be any combination of
alphanumeric values except for slashes
which are reserved for program usage.
The names must be exact for storing
and retrieval of the same data set.
Leading and trailing blanks are
ignored but blanks within the name
are considered part of that name.

o Flexibility has been incorporated into
the programs to enable the location
name of the data set to be modified
and stored in the DSS as a different
location name.

¢ On some computer systems, (where
multiple access is allowed) to avoid
two programs updating the same DSS
file simultaneously and potentially
having an unrevised data set, any
execution of a program using the DSS
should include job control language to
lock out others until the execution is
completed.

e When a program executes and writes
data to the DSS with the exact
pathname as a previous execution, the
existing data is overwritten.

The DSS has utility programs available
for manipulating information and pathnames
stored (HECDSS-DSSUTL). The programs
enable editing of information, changing
pathnames, purging unwanted data sets and
insertion of other data sets. Graphic output
is also available for DSS data (HECDSS-
DSPLAY). The interested user is encouraged
to contact HEC for up-to-date information and
documentation on the DSS and companion
utility programs. It should be emphasized,
however, that users wishing to use the DSS
with EAD (or HEC-1, HEC-2 or SID) need
not be familiar and proficient with all the
intricacies of the general purpose system.
Study of the examples in SID, herein and
minimal DSS familiarity should suffice for the
average user. Other related documentation
includes a microcomputer installation guide
and a Training Document on the FDA
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Retrieving Matrices From
HECDSS File

The EAD Program can read input data
from two sources:

e An ASCII (or "human readable”) data
file.

e A special unformatted (binary) direct
access data file called an HECDSS
data file.

The EAD Program can read some input
records only from the ASCII data file. This
includes such records as the job, damage
category, plan number, and end-of-job records
(TT, J1, J2, CN, PN, RN, EJ, etc.).
However, the matrix data can be read either
from the ASCII data file or from the special
direct access data file. This includes such
matrices as the stage-damage, stage-flow, and
flow-frequency. The general purpose random
access file, termed HEC Data Storage System
(HECDSS), provides for an automatic linkage
of:

e [Elevation-damage matrices (from
Structure Inventory for Damage
Analysis - SID and Damage Reach
Stage-Damage Calculation -
DAMCAL).

o Elevation-flow matrices (from Water
Surface Profiles - HEC-2)

e Flow-frequency matrices (from Flood
Hydrograph Package - HEC-1) to the
EAD program for damage analysis.

The use of the HECDSS file as a source
of input matrices to EAD requires the use of
ZR records (which specify the pathname
parts) and the addition of the DZ record to
aggregate categories, (When more than 18
damage categories are stored in its DSS file).
Pathname parts are entered in the HEC
standard free-format style; each pathname
part is preceded by the part identifier (A, B,
C, D, E, or F) and an equal sign. Pathname
parts that remain the same need not be
repeated. Part C of the pathname may be
defined in one of two ways by entering:



» The actual pathname part.

» A special code recognized by the EAD
program. This code is keyed to the
record LD. which is used in directly
entering the matrix (e.g. "QF" for
frequency-flow matrices).

An example user entry to retrieve a
frequency-flow matrix may look like one of
the following:

ZR A=SILVER CREEK B=RCH 1 C=QF F=BASELINE
ZR A=SILVER CREEK B=RCH 1 C=FREQ-FLOW F=BASE

Table 10 lists and the Section entitled "EAD
Input Description” lists and describes each of
these special codes. The desired matrix is
stored in the EAD program’s buffer (memory)
right at the time the ZR record is
encountered. Effectively, the ZR record
replaces the actual matrix which would
otherwise be entered at that location. For the
example above, the frequency-flow matrix is
entered on FR and QF records. The same
matrix is retrieved from the HECDSS data
file by replacing the FR and QF records by a
ZR record like the ones above. Table 11
displays a simple schematic of an EAD input
data file which uses ZR records to retrieve the
three basic matrices: frequency-flow, elevation-
flow, and elevation-damage.

Table 10: Part C Codes For ZR Record

Some records (QF, QS, and DG) contain
other information such as the year, plan, and
damage category index number. When
retrieving from the HECDSS data file, these
parameters are defined from other locations as
follows:

¢ Year is defined by pathname part E
on the ZR record.

s Plan is defined by the first field of
the EP, ES, ER, or EJ records.

¢ Damage Category index number is
defined by matching the 8 character
category name stored in the "header"
of the damage matrix record of the
HECDSS data file with the category
names entered on the CN record(s) of
the EAD input data file.

Table 11: Schematic ZR Record Input
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If the programs HEC-1, HEC-2, and SID
are not used, these matrices may be entered
directly to the HECDSS data file by
conventional means using DSS utility
programs such as PIP and DSSPD. In the
simplest form of EAD input, a frequency-
damage matrix is entered. In this case, the
EAD program needs only to integrate the
matrix to calculate expected annual damage.
Even in this case, the user is encouraged to
enter the matrix into the HECDSS data file
using the PIP program, and then retrieve it
using ZR records in the EAD input file for
several reasons including:

e The user may plot the matrix using
the HECDSS utility program
HECDSS-DSPLAY.

¢ The user may compute (by
interpolation) damage at frequencies
other than those used to define the
matrix.

o The input matrix may be compared
graphically with the computed matrix
which is used for the integration.

The HECDSS means of transferring /
managing data is particularly applicable for
flood damage analysis involving large numbers
of structures, damage categories, damage
reaches and alternative plans. PLEASE
NOTE: The DSS system capability is

presently operational on only Corps supported
computer systems and MS-DOS Compaq
compatible microcomputers.

Storing Matrices In
the HECDSS File

Computed results are written to a
HECDSS data file by entering "ZW" records
with a coded pathname part C. Parts B and
E are automatically determined by the
program and should not be entered by the
user. In some cases, the EAD program also
determines part F. The matrices written to
the HECDSS data file are somewhat paired
data convention, but not entirely. For
example, the frequency-damage matrix
contains not only damage data but also
frequency-elevation and frequency-flow data.
The category-expected annual damage function
contains damage category names that are
character in nature. The current standard
data conventions of the HECDSS system do
not automatically facilitate display of these
types of data. Thus, the use of DSSUTL and
DSPLAY to tabulate or plot the matrices is
awkward and confusing but they can be
utilized. Currently, EAD can store four
different types of tabular output in a
HECDSS data file. Those matrices and their
associated pathname part C codes are shown
in Table 12.

Table 12: Matrices Stored In HECDSS File
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Each output matrix is conceptually shown
in the following pages.

Type of Matrices

There are basically two types of data that
may be stored in a HECDSS data file:

¢ Expected annual damage versus either
reach or category or plan.

e Damage versus exceedance frequency.

The content of each of these functions are
described below. The example pathname
strings contain upper and lower case
characters. The lower case letters are
pathname parts that either the EAD program
determines or that the user defines. The
parts in upper case letters are fixed for a
particular type of function. When the
discussion includes the terminology "curve”, it
refers to the concept of curve as used in the
HECDSS - DSPLAY and DSSUTL programs
and the paired function convention data.

141

Expected Annual Damage or Equivalent
Annual Damage

Expected annual damage appears in the
output of three matrices for each reach,
damage category, and plan as indicated by
their associated pathname part C as follows:

¢ REACH-EAD
o CATEGORY-EAD
¢ PLAN-EAD

The following sections describe these three
matrices in detail.
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REACH-EAD For each damage category, one HECDSS record is written for
each damage category and each discount rate and one record
is written containing the total damage in all categories for
each plan, reach, and discount rate.

Number of curves NPLAN+1
Number of vectors NPLAN+2
Number of ordinates (rows) NREACH+1

Each vector contains the following information:

Vector Curve Description
1 na First four characters of
reach name.
2 1 Last two characters of reach
name.
3 2 Plan 1 (or base condition)
expected annual damage.
3 thru 2 thru Expected annual damage for
NPLAN +2 NPLAN+1 each plan.

Each ordinate is the expected annual damage associated with
one reach. The ordinate "NREACH+1" is the total expected
annual damage for a given plan. The user should define
pathname parts A and C on the ZW record and may define
part F. An example user entry is:

ZW A=SILVER CREEK C=REACH-EAD
For each execution of the EAD program, one record is
written to the HECDSS data file for each damage category

and each discount rate. The format of these records is
shown in Table 13.

Table 13: Schematic of REACH-EAD Matrix
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CATEGORY-EAD

For each EAD job, one record is written which contains the
expected annual damage for each plan versus damage
category. Each record contains the following:

Number of curves NPLAN+1
Number of vectors NPLAN +2
Number of ordinates (rows) NCAT+1

Each vector contains the following information:

Vector Curve Description

1 na First four characters of
damage category name.

2 1 Last four characters of
damage category name.
3 2 Plan 1 (or base condition)
expected annual damage.
3 thru 2 thru Expected annual damage for
NPLAN +2 NPLAN+1 each plan.

Each ordinate is the expected annual damage associated with
one damage category. The ordinate "NCAT+1" is the total
expected annual damage for a given plan. The user should
define pathname parts A and C on the ZW record and may
define part F. An example user entry is:

ZW A=SILVER CREEK C=CATEGORY-EAD F=PLANS 1,32-45

The CATEGORY-EAD function is stored in a modified paired
function convention format. Each vector (curve) is the
expected annual damage for a given plan. Each ordinate
(row) is the expected annual damage for a given damage
category and the last ordinate of each curve is the total
damage for a given category. Table 14 illustrates the format
of these records.

Table 14: Schematic of CATEGORY-EAD Matrix
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PLAN-EAD For each EAD job, one record is written which contains the
expected annual damage for each plan. The PLAN-EAD
matrix is stored in true paired data convention format. This
record contains the following:

Number of curves 1
Number of vectors 2
Number of ordinates (rows) NPLAN

Each vector contains the following information:

Vector Curve Description
1 na Plan number as entered in
the first field of the PN
record.
2 1 For each plan, the total

expected annual damage for
all reaches and damage
categories.

The user should define pathname part A on the ZW record
and may define parts B and F. An example user entry is:

ZW A=SILVER CREEK C=PLAN-EAD

Table 15 illustrates the format of these records.

Table 15: Schematic of PLAN-EAD Matrix
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Damage-Frequency Matrix

The Damage-Frequency Matrix appears in their associated pathname part C: FREQ-
the output of one matrix for each reach, DAMAGE. The following section describes
damage category, and plan as indicated by this matrix in detail.

FREQUENCY-DAMAGE The EAD program writes one record to the HECDSS data
file for each damage reach, each plan, and each data year.
Each record contains not only frequency-damage but
frequency-flow and frequency-stage as well. Specifically, each
record contains the following:

Number of curves NCAT +4
Number of vectors NCAT+5
Number of ordinates (rows) NFRQ

Each vector contains the following information:

Vector Curve Description

1 na Exceedance frequency values
entered on the FR records.

2 1 Flow corresponding to
frequency.
3 2 Elevation (stage)
corresponding to frequency.
4 thru 3 thru Damage corresponding to

NCAT+3 NCAT +2 frequency for each damage
category.

NCAT+4 NCAT+3 Total damage for all
categories corresponding to
frequency.

NCAT+5 NCAT+4 Accumulated expected

annual damage
corresponding to frequency.

The user should define pathname parts A and C and may
define additions to part F. The EAD program defines part F
using the plan number in the format "PLAN i" where "i" is
the plan number (1-99) entered in the first field of the PN

record. An example user entry is:
ZW A=SILVER CREEK C=FREQ-DAMAGE
There are two options for storing this data:

e The user may store only the computed data points
which correspond to the frequencies entered on the
FR records.

e The user may store all of the computed data points
which are used in the computation of expected annual
damage. These include the nine frequency points
which are inserted by the EAD program between
each of the user specified exceedance frequencies.

Table 16 illustrates the format of these records.
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Table 16: Schematic of FREQUENCY-DAMAGE Matrix
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Exhibit 6

EAD Input Description
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TT (required)
J1 (optional)

J2 (optional)

CN (required)
CI (optional)

PN (required)
ZW (optional)
DY (optional)
PP (optional)
RN (required)
RV (optional)
FR (required)
QF (optional)
SF (optional)

SQ (optional)
QS (optional)
SD (optional)
QD (optional)
DG (required)
RC (optional)
DZ (optional)
ZR (optional)

EP, ES, ER, EJ
(required)
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Input Description

This exhibit contains a detailed
description of the data input requirements for
each variable on each input record. A
summary of the input records is shown in
Exhibit 7. Many of the records described can
be omitted if the options to which they apply
are not required.

The location of the variables on each
input record is shown by field number. The
records are normally divided into ten fields of
eight columns each except for field 1.
Variables in field 1 may only occupy record
columns 3-8 since columns 1-2, field 0, are
reserved for the required record identification
characters. Some variables are used to
indicate a particular program option and the
variables are integer values which must be
right justified (entered on the far right side of
the field) without a decimal point. Other
variables are assigned numbers to express the
magnitude of that variable. A "+" sign is
shown under "value" and the numerical value
is entered as input. Where the value of the
variable is to be zero, the variable may be left
blank, since the blank field is read as zero
and any number without a sign is considered
positive.

EXHIBIT 6
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Unless noted otherwise, variable names
beginning with the letters I, J, K, L, M or N
represent integer variables and a decimal
point must not appear in the field. All others
are floating point variables and may either
have a decimal point or be right justified.

The location of variables on records is
often referred to by an abbreviated
designation, for example, J1.5 means the fifth
field of the J1 record.

Several jobs may be processed at the same
time by stacking the respective data sets.

The first output from a job execution is
an echo listing of the input data (records).
The listing may be suppressed by inserting a
"*NOLIST" (or "*N") record beginning in
column 1. Listing of the input may be
reactivated at any time with a "*LIST" (or
"*L") record. Comment records that are only
listed in this echo print may be inserted at
any location in the input data deck as a "*
comment" record. The asterisk (*) is in
column 1, a blank in column 2 and comments
in columns 3 through 80.



TT

Title Records
TT Record - Title Record

Field Variable Value _ Description
0 ICD TT Record Identification.
1-10 --- Alpha Alphanumeric information to identify the job. As many

TT records as desired may be used for descriptive
information. The TT records will be printed at the top of
first output page. The first three title records are saved
and printed at the beginning of each summary table. TT
records may be entered at any location in the EAD input
data stream.
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J1

Job Records

The default values under each variable name is supplied, the parameters will not be set to
on an optional record will be used if the the default value. A field left blank is treated
record is not provided. However, if the record the same as entering a value of zero.

J1 Record - First Job Record (Optional Record)

This record and the J2 record are required if for a single event or if expected annual
period analysis computations are desired. The damage is to be computed without
record is not required if damage is computed discounting.

0 ICD J1 Record Identification.
1 IPOA + The length of the period of analysis in years. This
()] variable activates economic analysis routines which

compute equivalent annual damage by applying the
specified discount rates (J2 record).

2 ISTDYR + The study year, i.e., the year that represents existing
(V)] conditions.

3 IBASYR + The base year, i.e., the first year in which the plan is
(V)] expected to become operational.

4 IDOLYR + The month and year of the dollars upon which the
()] damage data on the DG records were estimated. The

order number of the month (if desired) is entered in
columns 26-27 and the year in columns 29-32. Used for
documenting output. NDOLYR (J1.6), if specified, will
control output value.

"5 NHIS + The number of input data years (DY record) that
()] represents historic hydrologic, hydraulic and/or economic
conditions. The results of these years are output with the
period of analysis results, but do not affect the
computation of equivalent annual damage. Dimensioned
for three.

(<>}

NDOLYR Month and year of the damage data after the values on
(1)) the DG records have been multiplied by the price level
index CPLI (J2.4) or CI record). The order number of the
month (if desired) is entered in columns 42-43 and the
year in columns 45-48. Used for documenting output.

+

EXHIBIT 6 152



J2

J2 Record - Second Job Record (Optional Record)

Provide this record if a period of analysis is indicated (IPOA [J1.1]).

Field Variable Value Description
0 ICD J2 Record identification.
1 RATEQ1) + The discount rate to be used for present worth and
amortization computations. Express as a percentage.
2 RATE(2) A trial discount rate, e.g., the current Federal discount
0.0 rate, to evaluate the effect on inundation reduction

benefits. Express as a percentage. The results are only
presented in the summary.

0 No trial discount rate analysis desired.
+ A trial discount rate, expressed as a percentage.
3 RATE(@3) A second trial discount rate. If desired, see above for
description.
4 CPLI + Price Level Index to be applied to all damage categories.
1.0 All damage data on DG records will be multiplied by this

factor. NDOLYR (J1.6) must be provided. If the price
level index varies by damage category, a CI record must
be used.
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CN

CN Record - Damage Category Names (Required Record)

The CN record(s) are required. They contain SID input must agree exactly with the names
the damage category names. When entered on the CN records in the EAD input.
transferring elevation-damage matrices from If a match cannot be found, the EAD program
the SID program to the EAD program, the prints an error message and continues
category names are extremely important! processing.

The names entered on the DC records in the

Field Variable Value Description
0 ICD CN Record identification.
1 NCAT + The number of different damage categories (or types), e.g.,

urban, rural, utilities, etc. Dimensioned for 18.

2 NMCAT Alpha Alphanumeric identification for first damage category.
Damage data (DG record) must be identified by the order
entered here.

3-10 NMCAT Alpha Repeat as required by NCAT (CN.1). If a second record is
required, begin the tenth name in field 2.
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CI

CI Record - Damage Category Price Level Index (Optional Record)

This record may be used to apply different same fields corresponding to the category
price level index values for each damage names on the CN record. The date of this
category. The indexes are entered in the index must be provided (NDOLYR, J1.6).
Value

0 ICD ClI Record identification.

1 - - Not used.

2 CPLI (1.0) + Price level index for damage category 1.

3-10 CPLI (1.0) + Repeat as required by NCAT (CN.1). If a second record is

required, begin the index for the tenth damage category in
field 2 of the second record.
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PN

PN Record - Flood Plain Management Plan Names (Required Record)

One PN record is required for each plan,
maximum of 13 plans.

0 Record identification.
1 The assigned number of the flood plain management plan
name which follows on record. The number need not be
consecutive but may not exceed 99.
2-10 NMPLN Alpha Alphanumeric title for flood plain management plan

(columns 9-80).
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ZW

ZW Record - Write Results To a HECDSS Data File (Optional Record)

Computed results are written to a
HECDSS data file by entering "ZW" records
with a coded pathname part C. The user
must enter the pathname parts in a free-
format fashion; each part is preceded by the
part LD. (A through F) and an equal sign.
Parts B and E are automatically determined
by the program and should not be entered by
the user. In some cases, the EAD program
also determines part F. The functions written
to the HECDSS data file are somewhat paired
data convention, but not entirely. For
example, the frequency-damage function
contains not only damage data but also
frequency-elevation and frequency-flow data.

Code Function

The category-expected annual damage function
contains damage category names that are
character in nature. The current standard
data conventions of the HECDSS system do
not automatically facilitate display of these
types of data. Thus, the use of DSSUTL and
DSPLAY to tabulate or plot the functions is
awkward and confusing but it can be
accomplished. See Exhibit 5 for a more
complete description of the ZW record.
Currently, EAD can store four different types
of tabular output in a HECDSS data file.
Those functions and their associated
pathname part C codes are:

FREQ-DAMAGE

Frequency-damage including frequency-flow, frequency-stage,

frequency-damage for each category, frequency-damage for all
categories, and accumulated expected annual damage. This output
coincides exactly with the frequency-damage table the EAD writes to
the output file for each plan and each reach. The user must define
parts A and C, and may define additional information for part F.
The EAD program assigns the name "PLAN i" to pathname part F,

"
1

where

is the plan number entered on the PN record; It assigns

the reach LD. to part B; It assigns the year to part E.

REACH-EAD

The expected annual damage for each plan by reach. The user must

define parts A and C, and may define part F. The EAD program
assigns the damage category name to part B; It assigns the discount
rate to part E. For each job, it stores one record with the name
"ALL CATEGORIES" assigned to part B --- this record contains the
damage for all categories in a reach versus EAD matrix.

CATEGORY-EAD

The expected annual damage for each plan by category for all

reaches. The user must define parts A and C, and may define part
F. The EAD program assigns the discount rate to part E; It assigns
the name "ALL REACHES" to part B to indicate that the matrix
represents damage in all reaches.

PLAN-EAD

The expected annual damage for each plan. The user must define

parts A and C, and may define part F. The EAD program assigns
the discount rate to part E.

An example entry which instructs the
EAD program to store the frequency-damage
matrices in a HECDSS data file is:

ZW A=SILVER CREEK C=FREQ-DAMAGE
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DY

DY Record - Input Data Years (Optional Record)

This record is not necessary if all of the input
data are referenced to one common year. It
is required for all period of analysis

calculations.
Description
0 ICD DY Record identification.
1 NDYRS (0) + Number of input data years for which various hydrologic,

hydraulic and/or damage information will be specified.
Dimensioned for 9.

2 IDYRS + The year associated with a particular data set. The first
NHIS (J1.5) values must be the years corresponding to
historic information. The others may represent changes in
the hydrologic, hydraulic and/or damage conditions.

3-10 IDYRS + Repeat as required by NDYRS (DY.1).
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PP

PP Record - Printout and Punch Options (Optional Record)

This record may be inserted at any time along specified options remain in effect until
with reach input data to activate or deactivate another PP record is encountered.
desired printout and/or punch options. The

Field

3

Varia_ble

JDGPR (0)

16
32

64

Record identification.

Reserved for future use.

Reserved for future use.

The sum of the following printout suppression options that
are desired for expected annual damage routines. For
example, a value of 15 will suppress all output for each
reach and only the final job summary will be output.
Some of the test data in Exhibit 4 illustrates the use of
this option.

No output will be suppressed.

Suppress printout of input data for each damage reach.

Suppress printout of computed damage for each flow or
stage (usually associated with an exceedance frequency).

Suppress printout of expected annual damage (EAD) as
computed. Results of EAD will only appear in the
summary tabulation.

Suppress printout of expected annual damage by decades
and equivalent annual flood damage for each plan of each
reach.

Suppress summary by reach for each category.

Suppress grand summary by reach for total damage.

Suppress all summary output.
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PP

PP Record - Printout and Punch Options (Optional Record),
(Continued)

Descriptio

4 JDGPU (0) Option to write selected output to logical file (LFN) 7. On
some computer systems, file 7 defaults to the record
punch. On others, it must be so assigned.

0 No output written to LFN 7.

1 Output written in HEC-5 record image format to LFN 7.
Output consists of:

e RN record to identify output.

e HEC-5 DA record containing expected annual
damage values for base condition. Only first 9
damage categories are output.

¢ HEC-5 DF record containing exceedance
probabilities in descending order.

e HEC-5 DQ record containing discharge
corresponding to the probabilities on DF record.

e HEC-5 DC records containing the damage values
corresponding to the probabilities on DF record.
Up to 9 sets, one set for each category, will be
output.
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PP

PP Record - Printout and Punch Options (Optional Record)

. Field  Variable Value Description

5 JTRACE + THIS DIAGNOSTIC TRACE OQUTPUT OPTION IS
PRIMARILY FOR USE BY HEC PROGRAM ANALYSTS.
USERS ARE CAUTIONED AGAINST USING THE
OPTION. CONSULTATION WITH HEC WOULD BE
DESIRABLE IF THE USER DESIRES TO ACTIVATE
THE OPTION. The sum of the following trace output
options that are desired for the damage and expected
annual damage routines. Caution should be used in
selecting this option because it will generate a great
amount of output. The option should be activated just
before and deactivated just after the particular reach or
plan with questionable results the user wishes to examine.

0 No trace output.

1 Trace output from subroutine DAMAGE of the expanded
frequency vector and corresponding interpolated flow,
stage, and damage values.

2 Trace output from subroutine DAMAGE of the expanded
frequency vector and the interpolated flows, if QF record
used, or stages if SF record used. Useful if execution
terminates with an error condition before the results can

be printed with JTRACE = 1.

4 Trace output from subroutine DAMAGE of interpolated
values after considering the rating curve. Useful if
execution terminates with an error condition before the
results can be printed with JTRACE = 1.

8 Trace output from subroutine DAMAGE of any
interpolations involving the input data years.

16 Trace output from subroutine DAMAGE of the
interpolated probability at which truncation of damage
begins (see RV record).

32 Trace output from subroutine EAV of the interpolation
from each expanded segment of the frequency damage
relation.

64 Trace output from subroutine AREA of the points selected

for the 3-point gaussian quadrature solution.
128 Trace output from subroutine FRQFIT and CURFIT of the

cubic polynomial interpolation to derive the expanded
frequency matrix.
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RN

RN Record - Reach Name (Required Record)

__Field Variable Value Description
0 ICD RN Record identification.
1-10 NMRCH Alpha Alphanumeric title for the reach. May include a reach

number, index location or any other identifying
information. Columns 3-80 may be used. This reach
identification will be output before the input data, in the
reach summary tables and in the final job summary.
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RV

RV Record - Revision of Data (Optional Record)

This record is used to modify a particular set
of conditions (records) for a given input data
year and plan to represent the conditions for
a different input data year or plan. For
example, this record could be used to specify
a 1980 flow-frequency curve if that curve
differs in a consistent manner from the 1976
curve, or this record could be used to decrease
the flow-frequency curve by some ratio for a
plan that includes an additional reservoir. A
floodway, a uniform shift in the stage-flow
relation, an additive or ratio change in

damages, and a truncation of damages (as by
a levee) may be represented. This record
may not be used to modify input relation
before they have been processed, e.g. the RV
record is only operable for PLAN 2 and
subsequent plans. This record must follow
the relations to be modified; consequently this
record may appear at several locations in the
input stream.

0 ICD RV Record identification.

1 ICRD Alpha The record ID in columns 7 and 8 for the data that are to
be revised for a new input data year or plan. The ID may
be FR, QF, SF, SQ, QS, SD, QD, DG or blank. A blank
is valid only when IFUNC (RV.6) is 5.

2 IPDYR + The input data year of the data that are to be modified, if
so subscripted.
3 IPLNN + The assigned plan number for the new (modified) data.
See PN record description.
4 INDYR + The input data year for the new (modified) data, if so
subscripted. Must correspond to a year on the DY record.
5 ICAT + The damage category order number, if so subscripted, of
the old and new data.
6 IFUNC The particular operation that will be done on the old data
by the variable CONST (RV.7).
1 Add the quantity CONST (RV.7) to each value in the
vector.
2 Muitiply each value in the vector by the quantity CONST

(RV.7).
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RV

RV Record - Revision of Data (Optional Record), (Continued)

EXHIBIT 6

CONST

+

The quantity (CONST) (RV.7) represents the value at
(and below) which no damage occurs (truncation).
CONST may be frequency if ICRD (RV.1) is a FR record
(see caution below); stage if a SD record; or flow of a QD
record. CAUTION - the frequency matrix must not
change by input data years when truncation is based on
frequency. If ICAT (RV.5) is blank, the truncation will be
applied to all categories and each RV record must be
separated by an EP record. The truncation levels can be
automatically applied at successive sub-reaches (see
description of ES record of this Exhibit) by specifying a
value of 4.

The specified truncation level for a given plan (see above)
will automatically be applied to the last plan read in at
each successive sub-reach (see description of ES record of
this Exhibit) until an ER record is encountered. If more
than one truncation level is to be specified, consecutive RV
records, each with a different plan number (RV.3) must
be provided without EP records before the ES record of
the first sub-reach.

All input relations for this plan, IPLNN (RV.3), at this
reach are identical to a previous plan. Enter the previous
plan order number as CONST (RV.7). This equivalencing
is for the summary and is not necessary if the summary is
suppressed IDGRP, PP.3, equals 64) or the plan is
equivalent to the immediately preceding plan. This RV
record will be the only record between an EP and another
EP, ES, ER or EJ record.

The value which will be used in the operations specified
by IFUNC (RV.6).
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FR

FR Record - Frequency Data (Required at least for the first reach)

This record, by use of the sign of NFRQ
(FR.2), controls whether damage only or
expected annual damage will be computed.

exceedance frequency values must remain
constant for the complete run. This record
becomes optional when reading frequency-flow

This record is required for only the first reach data from the HEC data storage system

if the selected frequency values remain fixed
for all reaches and plans; otherwise, provide

(DSS). If an FR record is included, the
frequency flow data read from the DSS file

only when the frequency values are changed. will be interpolated and extrapolated to

If an aggregated frequency versus damage
relation is desired (NFRQ, FR.2), the

4-10

FREQ

FREQ

FR

Alpha

provide flows for the exceedance frequencies
provided on the FR record.

Description

Record identification.

A brief reach identification (or station number) to identify
the data. May be left blank if desired.

The number of exceedance frequency values that are to be
input for computation of expected annual damage.
Dimensioned for 18.

The number of flow (QF) or stage (SF) values, preceded
by a minus sign, to be entered for computation of damage
only for a specific flood event. The remainder of this
record may be left blank or may contain the frequency
values if an aggregated frequency versus damage is desired
in the summary. Maximum of 18.

Exceedance frequency values (in percent). Values must be
in descending order (99., 90., . . . 10. for the 10-year
event, 1.0 for the 100-year event, etc.).

Repeat as required by NFRQ. If there are more than 8

values, the 9th value must begin in the first field of the
next record.
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QF
SF

QF Record - Flow (Frequency) Data or
SF Record - Stage (Frequency) Data (Optional Records).

Only one type of frequency relation can be particular input data year and/or plan may be
provided for a given reach. Do not provide computed by modifying (by a RV record) the
this record if damage-frequency relations are preceding QF or SF record.

to be entered. The flow or stage data for a

_ Field Variable Value Description

0 ICD QF or SF Record identification.

1 IRCH Alpha A brief reach identification (or station number) to identify
the data. May be left blank if desired, unless reading the
frequency curve from a DSS file.

2 A coded number containing the input data year and the
plan number in columns 9-14. May be left blank if the
same flow-frequency data are applied to all input data
years and plans for the reach.

IDYFR 0 If columns 9-12 are blank or zero, the same
flow-frequency data applies to all input data years.
+ The data year is coded in columns 9-12.
IPLNN 0 If zero or blank, the same flow-frequency data applies to

all plans for the reach.

+ The assigned plan number (see PN records) is coded in
columns 13 and 14.

.- - Columns 15 and 16 will be blank.

3 PFRQ -1 This must be a QF record and flow-frequency data will be
retrieved from a file by use of the HEC data storage
system (DSS). See Exhibit 5. The remainder of the
record will be blank. Note that the program will retrieve
and process only the first 18 flow-frequency values from
the DSS.

+ Frequency parameters values, either peak flows (QF
record) or peak stages (SF record). Must correspond to
exceedance frequency values (FR record) if expected
annual damage is to be computed. Each successive value
must be larger than the previous value.

4-10 PFRQ + Repeat as required by NFRQ. If more than 8 values, the
9th value must begin in the first field of the next record.
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SQ

SQ Record - Stage (Flow) Data (Optional Record)

It is necessary to provide stage, and and stage-damage data are entered.
corresponding flow, data when flow-frequency

Variable Valu

0 ICD SQ Record identification.

1 IRCH Alpha A brief reach identification (or station number) to identify
the data. May be left blank, if desired.

2 NSTG + The number of stage (and corresponding flow) values that
are to be entered, dimensioned for 18.

3 STGQ + Stage values corresponding to flow values on the QS
record. Values must be in ascending order.

4-10 STGQ + Repeat as required by NSTG. If more than 8 values, the
9th value must begin in the first field of the next record.
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QS
QS Record - Flow (Stage) Data (Optional Record)

The flow data for a particular data year (by a RV record) the preceding QS record.
and/or plan may be computed by modifying

_ Field Variable Value . Description

0 ICD QS Record identification.

1 IRCH Alpha A brief reach identification (or station number) to identify
the data. May be left blank, if desired, unless reading the
rating curve from a DSS file.

2 A coded number containing the input data year and the
plan number in columns 9-14. May be left blank if the
same stage-flow data applies to all input data years and
plans for the reach.

IDYQS 0 If columns 9-12 are blank or zero, the same
stage-discharge data will be applied to all input data years.
+ The data year is coded in columns 9-12,
IPLNN 0 If zero or blank, the same stage-flow data applies to all

plans for the reach.

+ The assigned plan number (see PN records) is coded in
columns 13 and 14.

- --- Columns 15 and 16 will be blank.

3 QSTG -1 Stage flow data will be retrieved from a file by use of the
HEC data storage system (DSS) (See Exhibit 5). The SQ
record is omitted and the remainder of this record is left
blank. Note that the program will retrieve and process
only the first 18 flow-frequency values from the DSS.

+ Discharge values corresponding to the stages on the SQ
record. Each successive value must be larger than the
previous value.

4-10 QSTG + Repeat as required by NSTG. If more than 8 values, the
9th value must begin in the first field of the next record.
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SD
QD

SD Record - Stage (Damage) Data or
QD Record - Flow (Damage) Data (Optional Records).

Only one type of damage matrix, either for each damage category to be computed for
stage-damage or flow-damage can be provided the reach. If successive SD, or QD, records
for a given reach. Do not provide this record for different damage categories are identical,
if frequency-damage matrices are entered. only the first SD, or QD, record need be
Provide a set of SD, or QD, and DG records provided.

iabl

0 ICD SD or QD Record identification.

1 IRCH Alpha A brief reach identification (or station number) to identify
the data. May be left blank, if desired.

2 NDMG + The number of stage (and corresponding damage) values
that are to be entered. Dimensioned 18.

3 PDMG + Damage parameter values either stages (SD record) or
flows (QD record) corresponding to damage on the DG
record. Values must be in ascending order and each
successive value must be larger than the previous value.

4-10 PDMG + Repeat as required by NDMG. If more than 8 values, the
9th value must begin in the first field of the next record.
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DG

DG Record - Damage Data (Required for each reach)

The damage may correspond to the year, plan, and damage category may be
exceedance frequencies (FR record) if only the computed by modifying (RV record) the
frequency-damage matrix is provided, to preceding DG record for the same damage
stages (SD record) if the stage-damage matrix category. Damage is set to zero for those

is provided, or to peak flows (QD record) if damage categories not found for the reach or
the flow-damage matrix is provided. The subreach.

damage vector for a particular input data

Record identification.

A brief reach identification (or station number) to identify
the data. This ID is used for the summary.

2 A coded number containing the input data year, plan
number, and damage category number in columns 9-16.
Columns 9-14 may be blank if the same damage vector
applies to all input data years and plans for the reach.

IDYDG 0 If columns 9-12 are blank or zero, the same stage or flow
damage vector will be applied to all input data years.

+ The data year is coded in columns 9-12.

IPLNN 0 If zero or blank, the same damage vector applies to all
plans for the reach.

+ The assigned number (see PN records) is coded in
columns 13 and 14.

ICAT + The damage category order number (as read on CN
record) is coded in columns 15 and 16.

3 DAMG + Damage values corresponding to exceedance frequencies
(FR record) if there are no SD or QD records, stages if
SD records are provided, or flows if QD records are
provided.

4-10 DAMG + Repeat as required by NDMG. If more than 8 values, the
9th value must begin in the first field of the next record.
Dimensioned for 18 values.
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RC

RC Record - Calculation of Affluence (Optional Record)

The computation of affluence requires IDOLYR If IRCBYR and NDOLYR are
that RC records be entered in the EAD input (J1.4) blank (or zero) and IDOLYR is
data stream. Values on this record define the non-blank or non-zero.
projected annual rate of change in value of
damageable property. The record is included ISTDYR If IRCBYR, NDOLYR and
for one or more damage categories at desired J1.2) IDOLYR are blank (or zero)
input data years for which projected changes and ISTDYR is non-blank or
in damage are computed; a maximum of non-zero.

NCAT (CN.1) times NDYRS (DY.1) records
may be included. The rates apply to the IBASYR If IRCBYR, NDOLYR,
specified category for this reach only, (J1.3) IDOLYR, and ISTDYR are all
beginning with the economic base year. The either blank or zero.
economic base year is defined by the following
hierarchy: The Expected Annual Damage program
uses the beginning of the economic base year
IRCBYR If IRCBYR is non-blank or for computational purposes --- not the end or
(RC.8) non-zero. some intermediate month. In other words,
the months associated with IDOLYR and
NDOLYR If IRCBYR is blank (or zero) NDOLYR are ignored.
(J1.6) and NDOLYR is non-blank or
non-zero.

0 ICD RC Record identification.
1 - --- Not used.
2 CNMRC Char. Character identification of the damage category to which

the rates of change apply. The damage category must be
identified previously on the CN record. (Typically the rate
is applied to household contents only).

3 IDYRC + The year in which the rate of change of damage values
(RCRATE, field RC.4) applies (e.g. 1973).

4 RCRATE -,0,+ Projected annual rate of change of damage values, in
percent, for the year "IDYRC". If RCRATE is negative,
the damage values decrease annually. If RCRATE is zero,
the values neither decrease or increase, but remain the
same. If RCRATE is positive, the values increase annually.

5 RCRTIO + The ratio (in percent) of content value to structure value
at the beginning of the economic base year. This ratio is
used with either DGRCMX or DGRCMN to determine the
boundary value for the change in damage.
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RC Record - Calculation of Affluence (continued)

Field Yariable Value § Description

6 DGRCMX + The maximum percent damage after value increase
(expressed as a percent of the structural value). Federal
regulations as of March 1986 limit the value of contents to
75 percent of structural value.

7 DGRCMN - The minimum percent damage after value decrease
(expressed as a percent of the structural value).

8 IRCBYR + The economic base year for affluence computations. This
is the year which corresponds to the damage values
entered as elevation-damage or flow-damage functions. If
this year is left blank, the EAD program uses the
hierarchy described above to determine the base economic
data year. There can be only one valid data year for each
damage category - the last one entered will be used in
computations.
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DZ

DZ Record - Damage Category Aggregation (Optional Record, only used
with damage data from DSS file).

This record provides for the aggregation of contains the number of categories to retrieve
damage categories that are retrieved from a from the DSS file and the names of the
DSS file. If the DSS file contains more than categories (corresponding to those on the CN
18 categories, the (maximum allowed by EAD) record) into which each damage category
aggregation is required or only the first 18 should be aggregated. The DZ record(s) are
categories are retrieved. The DZ record required only once and must precede the ZR

record which retrieves the damage matrix.

Field Variable Value ) Description

0 ICD DZ Record identification.

1 MCAT + Number of damage categories to be aggregated from the
DSS file. Leave field 1 blank on additional DZ records,

should they be required.

2 NAGG Alpha Damage category name (corresponding to name on CN
record) into which the first damage category from the DSS
file is aggregated.

3 NAGG Alpha Damage category name (corresponding to name on CN
record) into which the second damage category from the
DSS file will be aggregated.

4-10 NAGG Alpha Repeat as required by MCAT (DZ.1). If more than 9
values, the 10th value must begin in the second field of
the second DZ record and likewise the 19th value would
begin in the second field of the third DZ record.
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ZR

ZR Record - DSS Read Record (Optional Record).

This record is required when data are to be
retrieved from a file by use of HEC'’s data
storage system (DSS). The ZR record
provides essential parts of the pathname
needed for retrieval. One ZR record is
required for each type of matrix to be
retrieved. These matrices include frequency-
damage, frequency-stage, frequency-flow,
stage-discharge, stage-damage, and flow-
damage. Pathname parts A, B, C, D, E, and
F may be entered on this record. Part C may
be entered as either the full pathname part or
as a special code as described below. The
pathname parts are entered in free-format,

each part is preceded by part 1.D. followed by
an equal sign (A=..... B=.... C=..., ete). Ifa
pathname part does not change between
reaches or plans, the analyst need not reenter
that part. If a part is specified and is later
blank, the analyst must enter the part LD.,
followed by an equal sign, followed by at least
one blank character. The damage vectors for
each damage category may be retrieved
separately; however, the stage (or flow or
frequency) vector associated with the damage
vector must be identical for each damage
vector. See Exhibit 5 for a discussion on the
use of the DSS system.

Value o Descriptio

HECDSS Pathname part A. This should be the river
basin or study name.

HECDSS Pathname part B. This should be the damage
reach 1.D., cross-section number, or control point
identifier.

C= CpPC Alpha HECDSS Pathname part C. This is the two parameters
for which the matrix applies. This part is entered as
either the full pathname part or as the following codes:

Code Matrix

QS Elevation-Flow

QF Frequency-Flow

SF Frequency-Elevation
SD (or DG)  Elevation-Damage

QD Flow-Damage

DF Frequency-Damage

D= CPC Alpha Miscellaneous use. Generally not used.

E= CPD Alpha HECDSS pathname part E. The data year to which the
matrix applies. May be left blank if the same matrix
applies to all years. If the year is entered, it must be the
four digit year (e.g. 1990).

F= CPF Alpha HECDSS pathname part F. The flood damage reduction
alternative name (BASE, FLOODPROOFING-2% LEVEL,
etc.).
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EP
ES
ER
EdJ

EP, ES, ER, EJ Records - End of Data (Required Record)

The two letter record code is used to convey
the type of operation to perform next. Only
one of these records is required to terminate
a given subreach, reach, plan, or job; none of
these records should be adjacent to each
other. For example, an "EJ" record (not an

last plan of the last reach at the end of the
last job. If retrieving data from an HECDSS
data file, always enter the plan number in the
first field of these records. In general, it is
always good practice to enter the plan number
in the first field.

"ER" record) should follow the data for the

Record identification.

EP End of data for one plan. The data read in will be
processed and output before reading the data for the next
plan or

or ES End of data for a sub-reach. This is an optional
end-of-reach indicator to use where the same index station
will be used for the next data set. It is then not
necessary to provide frequency-discharge (or stage) or
stage-discharge matrices, if they were not modified by one
of the preceding plans, for the following sub-reach. If the
hydraulic and hydrologic matrices do change between
sub-reaches, an ER record should be used.

or ER End of data for the reach, After processing the data just
read, summary totals are output for the reach. The next
data to be read will be for a different reach.

or EJ End of job. After processing the data just read (ER
record summaries), summary totals for all reaches will be
output. This record terminates the EAD run unless input
for a new job immediately follow the EJ record.
1 IPLNN 0 If zero or blank, the last assigned plan number (IPLNN)
read from one of the reach records will be assigned to the
preceding data set.

+ The assigned plan number to be associated with the

preceding set of data. This value will override any value
of IPLNN read from a reach record.
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Exhibit 7

Summary of EAD Records
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RCH 8 2% DAMG— — = — = = = = — — — — — — " — —~ NDMG values
g, R I N L1 |
g, IRCH NDMG  PDMG - — — — — — — — — — — — — — — — — o NDMG values )
& A T T Y B
/ IRCHI NDMGI PDM(:I----I-—-—I———I—-—I———T-NDMGIvdueD
|RCH|§§I QSTGI-—-—T———l———l———l———TDNST(Tvaluee\ =
NSTG sT(;ci ________________ {22 NSTG values -
] | | | | | | | /
T O T W s i i
PFRQI-—-——I—-—I———l———I———i»NFRQIvaImN —
FREQ- — = = = = = = = = = = = — — — = NFRQ values \ o
| I | | | | | |/
IPLNNI INDYRI ICATJ runcl CONSTI | |
**RN/ Reach identification, thraugh ¢olumn 80 ) J’/
|
|/
./
>
L/
1 2 3 4 5 8 ? 8 ) 10
\_ _J
A=Study Name  C=...... [ )
| ] | 1 | | | | |
JOGPR  JDGPU  JTRAC N
| | | | | | !
DY NDYRIS IDYRS[— - —l— - = ]— - = -I - - —I— - -l— - B»INDYRs\ialues )
Fk')od Pla'lnl Manageinent Plaf Title, ti\rouqh chumn 801 | N
CPLl— — =~ = — = = — = m - ——— B NCAT values
! ] | | ! I 1 I
* ON Nc.ul' NMCATI— - T -l- - = _l - - —[— - —l— - —l|> chrlvalues“
J2 /RATE  RATE RATEI CPLi | I | | | )
J1 /POA ISTOYR I1BASYR DOLYR Nms,l NDDLYRI | | | M o
] | ]
% TT Title Record, as many as necessary N o
|
L/
|/
|
L/
1 2 K| 4 ) 3] 7 B8 9 10
o J

** EP, ES, ER or EJ IF'LNri

CNMRF IDYF\'CL RCRJ\TEl RCD'\‘11OI Dl',‘RCM)(l DGRCD»(NI RCBYRI |

Record Field Numbers

*+ Required Record; Others required depending upon desired analysis.

1 One PN record required for each Flood Ploin Manogement Plan.
2 Either a QF or a SF recerd may be entered for ¢ given reach, not both,
3 Either a SD or a QD record may be entered for a given reach, not both.
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