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Course Objectives

This course is intended to provide Corps water resources professionals with detailed
instruction in the use of the flood damage analysis and data management features of the HEC Flood
Damage Analysis Package (FDA). The course will include instructions in the features and use of
FDA and programs COED (Corps’ computer text editor), EAD (Expected Annual Flood Damage
Computation computer program), SID (Structure Inventory for Damage Analysis), SIDEDT (editor
for SID damage functions and structure files, DSS (the HEC Data Storage System), DSS utilities,
such as DSPLAY and DSSUTL, and PIP (Interactive Program for Input of Paired-function Data).
Also included will be a discussion of the interface with hydraulics and hydrology data that can be
developed from using other HEC hydrologic engineering computer programs.

HEC Instructors

Coordinator: Robert Carl

Shelle Barkin Arlen Feldman
/Vg,l_fn Bonner Harold Kubik
Mike Burnham John Peters
Darryl Davis

Guest Instructors

Robert Daniel Headquarters, CECW-PD
Richard Hill Savannah District

Harry Kitch - #0O Headquarters, CECW-P
Gene Senycz Philadelphia District




Monday, 12 February

8:00- 9:00 a.m.
9:00- 9:20 a.m.
9:20-10:20 a.m.

10:30-11:30 a.m.

11:30- 1:00 p.m.

1:00- 2:15 p.m.

2:15- 4:15 p.m.

4:15- 5:00 p.m.

FLOOD DAMAGE ANALYSIS
using the HEC FDA Package

12-16 February 1990

Introduction |
Break
Lecture 1: OVERVIEW OF FLOOD DAMAGE CALCULATIONS

Description of the hydrologic, hydraulic, and economic relationships used in
flood damage calculations. Discussion of plan formulation and evaluation.
(Davis)

Lecture 2: DESCRIPTION OF THE EXPECTED ANNUAL DAMAGE
PROGRAM

Development and application of the EAD program; expected annual flood
damage computations using the program, including computational
techniques and limitations. Analysis and usage of input and output.
(Kubik)

ICE BREAKER LUNCHEON

Lecture 3: DESCRIPTION AND APPLICATION OF THE
MICROCOMPUTER VERSION OF THE FDA PACKAGE.

Describe the micro-computer version of the FDA Package, the component
programs and their purpose. Describe and demonstrate entering input data
for the EAD program using COED. Review pre-course COED assignment.
Describe the workshop procedures. (Carl)

Workshop 1: COMPUTATION OF EXPECTED ANNUAL DAMAGE BY
HAND AND WITH THE EAD PROGRAM. (Kubik)

Workshop 1 Review (Kubik, Carl)




Tuesday, 138 February

8:00- 8:30 a.m.
8:30- 9:30 a.m.

9:30- 9:50 a.m.

9:50-10:35 a.m.

10:45-11:30 p.m.

11:30-12:30 p.m.

12:30- 1:30 a.m.

1:40- 2:30 p.m.

2:30- 4:00 p.m.

4:00- 5:00 p.m.

REVIEW OF DAY 1 (Kubik, Carl)

Lecture 4 AN INTRODUCTION TO THE HECDSS DATA STORAGE
SYSTEM

Description of the DSS data base system - files, data conventions, and
naming conventions. (Peters)

Break

Lecture 5: DESCRIPTION OF DSS PAIRED FUNCTION DATA.
DEMONSTRATION IN THE USE OF COMPUTER PROGRAM PIP

Definition of paired function data. Types of relationships stored.
Conventions for pathname parts. Description of the program PIP; DSS
file and DATAFILE files, menus, operation. Defining pathnames, command
syntax, executing from the FDA menu program. Demonstration of PIP
program. (Carl)

Lecture 6: USE OF HEC PROGRAMS TO DERIVE MODIFIED
FREQUENCY CURVES

Use of HEC programs to derive modified frequency curves. Subdividing
basins for hydrologic and economic needs. Output from the HEC-1
program. Input data required to write frequency curves to a DSS file.
Demonstration using HEC-1 to compute modified frequency curves.
(Feldman)

— cvgss FOrD GEAPY —

Lunch
Lecture 7: USE OF HEC-2 TO DERIVE RATING CURVES

Computation of both baseline and modified condition rating curves.
Coordination with the hydrology for magnitude of discharges for each
profile. Capabilities for simulating damage reduction plans involving
channel improvement, levees, etc. Input data required to write rating
curves to DSS files. Procedures for saving the "TAPE95" or "TAPE96"
output results. (Bonner)

Lecture 8: USE OF HECDSS-DSPLAY TO CATALOG FILE AND PLOT
DATA AND FDA2PO TO STORE RATING CURVES

Description and demonstration of the program HECDSS-DSPLAY to catalog
a DSS data file. Selecting paired functions and obtaining plots. Use of the
FDA2PO program to store rating curves in a DSS datafile. (Carl)

Workshop 2: USE OF PIP TO ENTER A FREQUENCY CURVE, FDA2PO
TO STORE RATING CURVE, AND DSPLAY TO CATALOG FILE
AND DISPLAY DATA (Carl, Barkin)

Workshop 2 Review (Carl, Barkin)




. Wednesday, 14 February

8:00- 8:30 a.m. REVIEW OF DAY 2 (Feldman, Hayes, Carl)

8:30- 9:30 a.m. Lecture 9: INVENTORYING STRUCTURES AND DETERMINING
DEPTH-DAMAGE FUNCTIONS

Structure inventory techniques. Sampling, determining value of structure
and contents. Determining depth-damage functions. Sources of depth-
damage functions, references and methodology for determining values.
(Richard Hill)

9:30- 9:50 a.m. Break
9:50-10:50 a.m. Lecture 10: DEVELOPMENT OF ELEVATION-DAMAGE DATA

Overview of data requirements and calculation procedures. Data
aggregation and disaggregation. (Burnham)

11:00-12:00 p.m. Lecture 11: DESCRIPTION OF THE SID COMPUTER PROGRAM.

Instructions on the basic features and capabilities of computer program
SID. Aggregation of damage. Description of input and output. Flood
zone summary output. Overview of the SID options: single event damage,
nonstructural measures, future condition analysis. Application with DSS
including required input data and the relationship of tabular output to DSS
output. (Barkin)

12:00- 1:00 p.m. Lunch

‘ 1:00- 3:30 p.m. Workshop 3: COMPUTATION OF ELEVATION-DAMAGE AT INDEX
LOCATION BY HAND AND USING SID. (Barkin, Burnham)

3:30- 4:30 p.m. Review Workshop 3: (Barkin, Burnham)




Thursday, 15 February

8:00- 8:30 a.m.

8:30- 9:30 a.m.

9:30- 9:50 a.m.

9:50-10:40 a.m.

10:50-11:30 a.m.

11:30-12:30 p.m.

12:30- 4:00 p.m.

4:00- 5:00 p.m.

REVIEW OF DAY 3 (Barkin, Burnham)

Lecture 12: OCE PERSPECTIVE OF FLOOD DAMAGE ANALYSIS AND
FLOOD PLAIN MANAGEMENT PLANNING. (Bob Daniel)

Break

Lecture 13: DESCRIPTION AND DEMONSTRATION OF FDA2PO
PROGRAM TO POST-PROCESS HEC-2 RESULTS

Description of the FDA2PO program to post-process HEC-2 results.
Describe computing the reference flood elevation at all structures and at
the index location. Demonstration of the program. (Carl)

Lecture 14: DESCRIPTION OF ADDITIONAL EAD OPTIONS

The DSS linkage with HEC-1, HEC-2, HEC-5, SID and PIP; Writing
results to a DSS file; Computation of affluence. (Carl)

Lunch

Workshop 4: APPLICATION OF SID AND EAD TO EVALUATE THE
FIVE PLANS (Carl)

Workshop 4 Review (Carl, Barkin)




Friday, 16 February

8:00- 9:15 a.m. Lecture 15: CASE STUDY USING FDA PACKAGE (Gene Senycz)
9:15- 9:30 a.m. Break
9:30-10:45 a.m. PLANNING IN A COST-SHARED ENVIRONMENT - PRESENT STATUS

AND FUTURE PROJECTIONS. (Harry Kitch, Acting Chief of
Planning, Policy and Planning Division, HQUSACE)

10:50-11:30 a.m. CRITIQUE AND CLOSING DISCUSSIONS
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Motels in the Davis area:

University Lodge Davis Motel Hotel El Rancho

123 B Street Interstate 80 & Richards Blvd. 4120 Chiles Road

(916) 756-7890 (916) 756-0910 (916) 756-2200
‘ Campus Welcome Inn The Partridge Inn Motel 6

221 D Street Bed and Breakfast 4835 Chiles Road

(916) 756-1040 521 First Street (916) 756-6662

(916) 753-1211

TO LAKE
TAHOE

Aggie Inn
245 st Street
(916) 756-0352
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RESTAURANTS IN THE DOWNTOWN AREA OF DAVIS

JOY OF EATING
A.J. BUMPS

BLUE MANGO
CHINA HOUSE
CAFE CALIFORNIA
COLETTE

CASA HERNANDEZ

PROFESSOR’S PIZZA (Delivery Only)
MUSTARD SEED (DELI)

NOODLE EXPRESS
DATIRY QUEEN
CAFFE ITALIA
CAFE ROMA

FOOD GALLERY
JACK-IN-THE-BOX

LA BOULANGERIE (6:30 a.m.-5:30 p.m.)
KENTUCKY FRIED CHICKEN

CREPE BRISTRO
TOGO’S

LONDON FISH ‘N CHIPS

CREME FRAICHE

MR. B’S SPORT PAGE
ORANGE COURT CAFE (7 a.m.-9 p.m.)
ORANGE HUT CHINESE RESTAURANT

PARAGON

PEKING RESTAURANT
KAMON (JAPANESE RESTAURANT)
MOUNTAIN MIKE’S PIZZA
BAKER’S SQUARE RESTAURANT
STEVE’S PLACE (PIZZA, ETC.)

(Vacant)
TACO BELL

MANSION CELLARS PUB & DELI

MICHELE
PISTACHIOS
LA ESPERANZA

WOODSTOCK’S PIZZA
LAS SALSAS TAQUERIA
RISTORANTE MANGIAMO

MURDER BURGER

OTHER SERVICES
POST OFFICE - 213 F Street

408 G Street
228 G Street
330 G Street
229 G Street
808 2nd Street
802 2nd Street
1123 Olive Drive
718 2nd Street
231 G Street
301 G Street
909 5th Street
1121 Richards Blvd.
231 E Street
132 E Street
337 G Street
260 Russell Blvd.
119 E Street
234 E Street
715 2nd Street
129 E Street
133 D Street
217 E Street
129 E Street
226 3rd Street
726 2nd Street
335 F Street
129 E Street
234 G Street
255 2nd Street
314 F Street
630 G Street
425 G Street
132 E Street
409 2nd Street
305 1st Street
200 G Street
219 G Street
132 E Street
222 D Street
978 Olive Drive

AVIS RENT-A-CAR - 838 5th Street, #753-8822

QUICK-CLEAN CENTER (Coin Laundry),

407 G Street, #756-9938

B & L (Bicycle Rental) 610 3rd Street, #756-3540

KIM’S ORIENTAL MARKET - 660 4th Street

*MAP ON REVERSE

# on Map
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CIVIL WORKS DIRECTORATE
ENGINEERING DIVISION

HYDRAULICS AND HYDROLOGY BRANCH

Mr.
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HYDRAULIC DESIGN SECTION

Mr.
Mr.
Mr.

Mr.
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‘III' Dr.
Mr.

Mr.

Mr.

Ms.

Ms.
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CONTROL/QUALITY SECTION
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Dr.
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Chief 272-8500
Secretary 2-0228
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Flood Control 2-8504
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SCHEDULED FY 1990 TRAINING

THE HYDROLOGIC ENGINEERING CENTER

Course Coordinator Date Cost
Hydrologic Engr/Plan Willey 23-27 Oct 89 $ 900
Advanced HEC-2 Hayes 13-17 Nov 89 $ 925
Real Time Water Cntrl Peters 4-15 Dec 89 $1570
Flood Warning/Prep Dotson 22-26 Jan 90 $1365
Flood Damage Analysis Carl 12-16 Feb 90 $1165
Sediment Transport MacArthur 5-16 Mar 90 $1805
Hydrologic Data Mgt Charley 2- 6 Apr 90 $ 965
Interior Flooding Dotson 4- 8 Jun 90 $1225
Advanced HEC-1%* Brunner 23-27 Jul 90 $1430
* —- Advanced HEC-1 is a new course for FY 1990. The course

will provide instruction on advanced applications of the
HEC-1 Flood Hydrograph Package.
estimating infiltration, runoff, routing parameters in

ungaged areas. Special attention is made to flood

simulation in urban and urbanizing areas.

Emphasis is placed on

The kinematic

wave land surface runoff method and various channel and
reservoir routing methods (including dam breach) will be
applied. Course participants should have a basic HEC-1
course from Flood Plain Hydraulics and Hydrology, Hydro-

logic Analysis of Floods, or a Basic HEC-1 University

short course.

Interested persons may contact the Huntsville Division:

Commander

U.S. Army Engineer Division, Huntsville
Attn: CEHND-TD/Betty Pruitt, Registrar

P.O. Box 1600
Huntsville, AL

(205) 722-5822

35807
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THE HYDROLOGIC ENGINEERING CENTER
PUBLICATIONS CATALOG

Publications in this catalog are organized by type of document and general subject categories. Subjects
included are: Data Storage System, Economic Analysis, Floodplain Management, Groundwater Hydrology,
Hydropower, Miscellaneous, Reservoirs, River Hydraulics, Spatial Data Management, Statistical Hydrology,

and Water Quality.
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HOW TO ORDER HYDROLOGIC ENGINEERING CENTER PUBLICATIONS

Purchase from HEC:

The publications of the Hydrologic Engineering Center (HEC) are available to the public and private
organizations and to individuals at the cost of reproduction and distribution. Corps of Engineer offices may
receive the publications at no cost.

To order HEC publications send your request, together with payment made payable to "FAO-USAED
SACRAMENTQ" to:

The Hydrologic Engineering Center
U.S. Army Corps of Engineers
609 Second Street
Davis, California 95616

Foreign governments, organizations and individuals should use strictly International Money Orders
(minimum order $10) in U. S. currency only, or checks drawn on U.S. banks. Foreign orders must add
a 25% shipping charge.

A publication order form on the next page has been provided for your convenience. Use HEC Number
to list requested publications.

Purchase from NTIS:

Reports listed in this volume having NTIS numbers can be purchased from the National Technical
Information Service (NTIS), U. S. Department of Commerce, 5285 Port Royal Road, Springfield, VA 22161;
telephone (703) 487-4650. Costs of paper or microfiche of such reports are available from NTIS on request.

Reports without NTIS numbers can only be purchased directly from the HEC.
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. COMPUTER PROGRAM DOCUMENTATION (CPD)’

Users manuals are available for all computer programs and provide instruction in using the program.
Programmers manuals are only available for some programs and provide detailed information on the
program’s organization and logic. The abridged title in parenthesis is provided to assist in ordering and
referring to the program.

HEC HEC
Number Title Price

DATA STORAGE SYSTEM
CPD-45 HECDSS, User’s Guide and Utility Program Manuals, Nov 87, 134 pp. 6.00

Water Control Software, Data Acquisition, Nov 87, 139 pp.
Available to Corps only.

Water Control Software, Forecast and Operations, Nov 87, 133 pp.
Available to Corps only.

Water Control Software, Implementation and Managment, Nov 87, 43 pp.
Available to Corps only.

CPD-53 Interactive Paired-Function Data Input Program for Flood Damage Data 3.00
( PIP), User’'s Manual, Jan 86, 30 pp.

CPD-57 HECDSS, Programmers Manual, Mar 87, 123 pp. 5.50

FLOOD DAMAGE ANALYSIS
. CPD-30 Expected Annual Flood Damage Computation (EAD) Users Manual, Feb 84, 5.00

133 pp.

CPD-35 Damage Reach Stage - Damage Calculation (DAMCAL) Users Manaual, 8.00
Feb 79, 172 pp.

CPD-41 Structure Inventory for Damage Analysis (SID) Users Manual,. Jan 82 12.00
(revised Jun 87), 402 pp.

CPD-44 Structure Inventory for Damages Analysis Edit Program (SIDEDT) Users 4.50
Manual, Dec 83, 77 pp.

CPD-48 Agricultural Flood Damage Analysis (AGDAM) Provisional, Users Manual, 7.00
Apr 85, 151 pp.

CPD-53 Interactive Paired-function Data Input Program For Flood Damage Data 3.00
(PIP), User's Manual, Jan 86, 30 pp.

CPD-55 Interactive Nonstructural Analysis Package (PINA) Users Manual 4.00
(Preliminary), Jul 81, 59 pp.

CPD-59 Flood-Damage Analysis Package, Users Manual, Apr 88, 165 pp. 8.00

CPD-60 Flood Damage Analysis Package on the Microcomputer, 4.00

Installation and User’'s Guide, Jul 88, 633 pp.

‘ 'Documentation (1 copy each) is furnished at no charge with computer programs obtained from HEC.

1




COMPUTER PROGRAM DOCUMENTATION (CPD) (continued)

HEC
Number

Title

GROUNDWATER HYDROLOGY

CPD-29

HYDROPOWER
CPD-38

CPD-43

Finite Element Solution of Steady State Potential Flow Problems (FEMFLO)
Users Manual, Nov 70, 76 pp.

Hydropower Analysis Using Streamflow Duration Procedures (HYDUR)
Users Manual, Sep 82, 146 pp.

Small-Scale Hydroelectric Power Cost Estimates (HYCOST) Users Manual,
Aug 83, 103 pp.

MISCELLANEOUS

CPD-36

CPD-37
CPD-47

CPD-56
CPD-58
RESERVOIRS

CPD-3a

CPD-3P
CPD-5a

CPD-5b
CPD-5Q

CPD-22
CPD-23

CPD-24
CPD-25
CPD-26

Fortran Source Inventory and Renumbering (FSIR) Users Manual,
Oct 66, 66 pp.

Fortran Input/Output Conversion (FIOC) User Manual, Jul 66, 20 pp.

Dredged-Material Disposal Management Model (D2M2) Users Manual,
Jul 84, 105 pp.

COED, Corps of Engineers Editor, Feb 87, 70 pp.

HECLIB, Programmers Manual, Aug 87, 310 pp.

HEC-3, Reservoir System Analysis for Conservation Users Manual,
Mar 81, 110 pp.

Programmers Manual, Jan 76, 116 pp.

HEC-5, Simulation of Flood Control and Conservation Systems Users
Manual, w/o Exhibit 8, Apr 82 (Rev. May 83), 239 pp.

Exhibit 8 - Input Description, Jan 89, 117 pp.

Appendix on Water Quality Analysis, Simulation of Flood Control and
Conservation Systems, Users Manual, Sep 86, 387 pp.

Spillway Rating and Flood Routing (SWRFR) Users Manual, Oct 66, 89 pp.

Spillway Rating - Partial Tainter Gate Openings (SWRPTG) Users Manual,
Jul 66, 26 pp.

Spillway Gate Regulation Curve (SWGRC) Users Manual, Feb 66, 26 pp.
Reservoir Yield (RESYLD) Users Manual, Aug 66, 36 pp.

Reservoir Area-Capacity Tables by Conic Method (RESACT) Users Manual,
Jul 66, 25 pp.

HEC
Price

4.50

6.50

5.50

4.50

2.00

5.50

4.50

14.00

6.00

6.00

11.00

6.00

16.50

4.50

2.00

2.00
3.00

2.00



COMPUTER PROGRAM DOCUMENTATION (CPD) (continued)

HEC
Number

Title

RESERVOIRS (continued)

CPD-28

CPD-49
CPD-50

CPD-51

Reservoir Temperature Stratification (RSTEMP) Users Manual, Jan 72, 52 pp.

Water Control Software, Forecast and Operations, Nov 87, 133 pp.
Available to Corps only.

Water Control Software, Implementation and Management, Nov 87, 43 pp.
Available to Corps only.

INCARD, Flow Conversion for HEC-5 Users Manual, Mar 83, 35 pp.

INFIVE, Interactive Input Preparation Program for HEC-5 Users Manual,
Jul 87, 76 pp.

CKHECS, Input Data Checking Program for HEC-5 Users Manual,
Jun 87, 49 pp.

RIVER HYDRAULICS

CPD-2a
CPD-2P
CPD-6

CPD-10

CPD-15

CPD-40

CPD-54

CPD-61

HEC-2, Water Surface Profiles Users Manual, Sep 82 (Rev. May 85), 270 pp.
Programmers Manual, Sep 82 (Rev. Oct 84), 235 pp.

HEC-6, Scour and Deposition in Rivers and Reservoirs Users Manual,
Mar 77, 149 pp.

Hydraulics Graphics Package (HGP) Users Manual, Nov 85, 93 pp.

Geometric Elements from Cross Section Coordinates (GEDA) Users Manual,
Oct 81, 57 pp.

The NWS Dam-Break Flood Forecasting Model (DAMBRK) Preliminary Users
Manual, Feb 84, 210 pp.

Stream Hydraulics Package (SHP) Computer Program Description
(Preliminary), Oct 79, 194 pp.

Preliminary Analysis System for Water Surface Profile
(PAS) User’s Manual, Jul 88, 75 pp.

SPATIAL DATA MANAGEMENT

CPD-33
CPD-34

CPD-35

Resource Information and Analysis (RIA) Users Manual, Nov 81, 142 pp.

Hydrologic Parameters (HYDPAR) Users Manual, Jul 85, 79 pp.

Damage Reach Stage - Damage Calculation (DAMCAL) Users Manual,
Feb 79, 172 pp.

Price

4.00

2.00

3.00

2.00

12.00
14.00

7.00

6.00

4.00

6.50

6.50

4.50

6.50
4.50
8.00




COMPUTER PROGRAM DOCUMENTATION (CPD) (continued)

HEC
Number

Title

STATISTICAL HYDROLOGY

CPD-4
CPD-12

CPD-13
CPD-27

CPD-32

HEC-4, Monthly Streamflow Simulation Users Manual, Feb 71, 91 pp.

Statistical and Graphical Analyses of Stream Water Quality Data (SGSWQ)
Users Manual, Jul 87, 85 pp.

Flood Flow Frequency Analysis (HECWRC) Users Manual, Feb 82, 64 pp.
Regional Frequency Computation (REGFQ) Users Manual, Jul 72, 39 pp.

Multiple Linear Regression (MLRP) Users Manual, Sep 70, 27 pp.

SURFACE WATER HYDROLOGY

CPD-1a

CPD-1P
CPD-7

CPD-16

CPD-17

CPD-19
CPD-20
CPD-21
CPD-31

CPD-34
CPD-42
CPD-46

WATER QUALITY

CPD-5Q

CPD-8

HEC-1, Flood Hydrograph Package Users Manual, Sep 81 (Rev. Jun 88),
314 pp.

Computer Implementation Guide, Jul 85, 18 pp.

Storage, Treatment, Overflow, Runoff, Model (STORM) Users Manual,
Aug 77, 172 pp.

Basin Rainfall and Snowmelt Computation (BASINC) Users Manual,
Jul 66, 24 pp.

Unit Graph and Hydrograph Computation (UHHC) Users Manual,
Jul 66, 31 pp.

Hydrograph Combining and Routing (HYDCR) Users Manual, Aug 66, 34 pp.

Streamflow Routing Optimization (SFRO) Users Manual, Nov 66, 34 pp.
Balanced Hydrograph (BALHYD) Users Manual, Nov 66, 15 pp.

Interior Drainage Flood Routing (INTDRA) Users Manual, Mar 69
(Rev. Nov 78), 31 pp.

Hydrologic Parameters (HYDPAR) Users Manual, Jul 85, 79 pp.
Streamflow Routing Optimization (OPROUT) Users Manual, Jan 82, 64 pp.

Probable Maximum Storm (Eastern United States) (HMR52) Users Manual,
Mar 84, 89 pp.

Appendix on Water Quality Analysis, Simulation of Flood Control and
Conservation Systems, Users Manual, Sep 86, 387 pp.

Water Quality for River-Reservoir Systems (WQRRS) Users Manual,
Oct 78 (Rev. Feb 85), 354 pp.

HEC
Price

6.00

5.50

4.00
4.00
2.00

12.00

N/C

8.00

2.00

2.00

2.00
2.00
2.00

3.00

4.50
2.00

5.00

16.50

20.00



‘ COMPUTER PROGRAM DOCUMENTATION (CPD) (continued)

HEC
Number

Title

WATER QUALITY (continued)

CPD-9

CPD-11

CPD-12

CPD-28

CPD-52
WATER SUPPLY

CPD-39

Receiving Water Quality Model (RWQM) Users Manual (Draft), Mar 79,
88 pp.

Thermal Simulation of Lakes (THERMS) Users Manual, Nov 77, 70 pp.

Statistical and Graphical Analyses of Stream Water Quality Data (SGSWQ)
Users Manual, Jul 87, 85 pp.

Reservoir Temperature Stratification (RSTEMP) Users Manual,
Jan 72, 52 pp.

WEATHER Users Manual, Jan 86, 21 pp.

A Model for Estimating Water Demands (DEMAND) Users Manual,
May 77, 128 pp.

HEC
Price

4.50

5.50

5.50

4.00

2.00

6.50




REPORTS ON
"HYDROLOGIC ENGINEERING METHODS FOR WATER RESOURCES"
DEVELOPMENT" (IHD)

A United States Contribution to the International Hydorlogical Decade

These volumes describe methods and procedures of hydrologic engineering. In some cases appendices
have been omitted. These omitted appendices are computer program listings that may be available in
computer program documentation.

HEC HEC NTIS
Number Title Price Number

DATA STORAGE SYSTEM

IHD-2 Hydrologic Data Management, (Without Appendices 4.50 AD-A758 905
1 and 2), Apr 72, 77 pp.

GROUNDWATER HYDROLOGY

IHD-10 Principles of Ground-Water Hydrology, (Without 13.00 AD-A758 906

Appendix 7), Apr 72, 284 pp.
RESERVOIRS

IHD-1 Requirements and General Procedures, (Without 6.00 AD-A758 904
Appendices), Oct 71, 123 pp.

IHD-7 Flood Control by Reservoirs, (Without Appendices 6.00 AD-A052 598
1,2, 3, 4, and 5), Feb 76, 121 pp.

IHD-8 Reservoir Yield, Jan 75, 143 pp. 6.50 AD-A007 107

IHD-9 Reservoir System Analysis for Conservation, 5.00 AD-AQ052 599

Jun 77, 95 pp.
RIVER HYDRAULICS
IHD-6 Water Surface Profiles, Jul 75, 136 pp. 6.50 AD-A017 435

IHD-12 Sediment Transport, (Without Appendices 6 and 7), 11.00 AD-A052 600
Jun 77, 225 pp.

STATISTICAL HYDROLOGY
IHD-3 Hydrologic Frequency Analysis, Apr 75, 159 pp. 7.00 AD-A017 433

SURFACE WATER HYDROLOGY

IHD-4 Hydrograph Analysis, (Without Appendices 2 and 3), 4.00 AD-A774 261
Oct 73, 64 pp.
IHD-5 Hypothetical Floods, (Without Appendices 1, 2, 3, 5.00 AD-A017 434

and 4), Mar 75, 86 pp.

WATER QUALITY

IHD-11 Water Quality Determinations, (Without Appendix 1), 5.00 AD-A762 109
Jul 72, 103 pp.



PROJECT REPORTS (PR)

Project reports describe selected projects conducted at the HEC which may be of general interest.

HEC
Number

HYDROPOWER

PR-3

PR-4

PR-7

PR-8

WATER QUALITY

PR-1

PR-2

PR-5

PR-6

PR-9

Title

Feasibility Studies for Small Scale Hydropower
Additions, A Guide Manual, Jul 79, 341 pp.

National Hydroelectric Power Resources Study,
Preliminary Inventory of Hydropower Resources.
Volumes are not available from the Hydrologic
Engineering Center but may be ordered through
the National Technical Information Service.

Volume 1, Pacific Northwest Region, Jul 79, 245 pp.
Volume 2, Pacific Southwest Region, Jul 79, 137 pp.
Volume 3, Mid-Continent Region, Jul 79, 239 pp.
Volume 4, Lake Central Region, Jul 79, 215 pp.
Volume 5, Southeast Region, Jul 79, 195 pp.
Volume 6, Northeast Region, Jul 79, 314 pp.

Potential for Increasing the Output of Existing
Hydroelectric Plants, Vol. IX, Jul 81, 230 pp.

Data Base Inventory, Vol. XlI, Sep 81, 864 pp.

Phase 1 Oconee Basin Pilot Study - Trail Creek
Test, Sep 75, 74 pp.

Chattahoochee River Water Quality Analysis, Apr 78,
239 pp.

Pennypack Creek Water Quality Study, Nov 79, 74 pp.

Simulation of Streamflow Regulation Effects on the
Water Quality of the Allegheny River, Feb 83, 123 pp.

Kanawha River Basin Water Quality Modeling, Jul 86,
186 pp.

HEC
Price

14.00

10.00

15.00

11.00

11.00

4.50

7.00

7.00

NTIS
Number

DOE/RA-0048

AD-AQ75 962
AD-A075 963
AD-AQ75 964
AD-AQ75 965
AD-AQ75 966
AD-AQ75 967

AD-A109 772

AD-A054 845

AD-A102 033

AD-A102 115

AD-A130 892



PROJECT REPORTS (PR) (continued)

HEC HEC NTIS
Number Title Price Number

WATER SUPPLY

PR-10 Lessons Learned from the 1986 Drought, Jun 88, 4.00
83 pp. This publication is not available outside
of the U.S.

PR-11 Opportunities for Reservoir Storage Reallocation, 4.50

Jul 88, 83 pp. This publication is not available
outside of the U.S.

PR-12 Water Supply and Use Dalton Lake, Georgia, May 86, 4.50

118 pp. This publication is not available outside
of the U.S.



RESEARCH DOCUMENTS (RD)

Research documents describe results from research by the HEC staff and/or by persons from other
organizations under contract to the HEC.

HEC HEC NTIS
Number Title Price Number

FLOODPLAIN MANAGEMENT

RD-9 Annotations of Selected Literature on Nonstructural 5.00 AD-A102 184
Flood Plain Management Measures, Mar 77, 99 pp.

RD-10 Estimating Costs and Benefits for Nonstructural 6.00 AD-A102 183
Flood Control Measures, Oct 75, 120 pp.

RD-11 Physical and Economic Feasibility of Nonstructural 11.00 AD-A102 012
Flood Plain Management Measures, Mar 78, 233 pp.

RD-12 Costs of Placing Fill in a Flood Plain, Advance 6.00 AD-A102 192
Copy, May 75, 115 pp.

RD-15 National Economic Development Benefits for 4.50 AD-A102 013
Nonstructural (Flood Mitigation) Measures, May 86,
81 pp.

RD-18 Flood Preparedness Planning: Metropolitan Phoenix 8.00 AD-A117 813
Area, Jan 82, 89 pp.

RD-19 Example Emergency Plan for Blue Marsh Dam and 5.00 AD-A138 903

Lake, Aug 83, 96 pp.

RD-20 Example Plan for Evacuation of Reading, Pennsylvania 2.50 AD-A138 902
in the Event of Emergencies at Blue Marsh Dam and
Lake, Aug 83, 26 pp.

RD-30 General Guidelines for Comprehensive Flood 3.00
Warning/Preparedness Studies, Oct 88, 31 pp.

GROUNDWATER HYDROLOGY

RD-16 Guide Manual for Preparation of Water Balances, 4.50 AD-A102 014
Nov 80 (revised Apr 83), 75 pp.

RD-21 Survey of Conjunctive Use and Artificial Recharge 4.50 AD-A139 464
Activity in the United States, Jan 84, 73 pp.

RD-22 A Comparative Analysis of Groundwater Model 5.00 AD-A159 098
Formulation: The San Andres-Glorieta Case Study,
Jun 84, 75 pp.

RESERVOIRS
RD-13 Flood Emergency Plans, Jun 80, 58 pp. 4.00 AD-A158 679
RD-17 Emergency Planning for Dams, Bibliography and 2.00 AD-A117 628

Abstracts of Selected Publications, Jan 82, 33 pp.




RESEARCH DOCUMENTS (RD) (continued)

HEC HEC NTIS
Number Title Price Number

RESERVOIRS (continued)

RD-19 Example Emergency Plan for Blue Marsh Dam and 5.00 AD-A138 903
Lake, Aug 83, 96 pp.

RD-20 Example Plan Evacuation of Reading, Pennsylvania 2.50 AD-A138 902
in the Event of Emergencies at Blue Marsh Dam
and Lake, Aug 83, 26 pp.

RIVER HYDRAULICS

RD-5 Guidelines for Calculating and Routing A Dam-Break 4.00 AD-A102 015
Flood, Jan 77, 51 pp.

RD-8 Dimensionless Graphs of Floods from Ruptured Dams, 4.50 AD-A102 191
Apr 80, 70 pp.

RD-14 Effects of Flood Plain Encroachments on Peak Flow, 4.00 AD-A102 016
Sep 80, 58 pp.

RD-26 Accuracy of Computed Water Surface Profiles, Dec 86, 9.00 AD-A176 314
117 pp.

RD-26A Accuracy of Computed Water Surface Profiles, 5.00 AD-A180 542

Commercial Survey Guidelines for Water Surface
Profiles, Supplement, Jan 87, 59 pp.

RD-26D Accuracy of Computed Water Surface Profiles, 5.50 AD-A180 583
APPENDIX D - Data Management and Processing
Procedures, Feb 87, 117 pp.

SPATIAL DATA MANAGEMENT

RD-4 An Assessment of Remote Sensing Applications in 4.00 AD-A102 036
Hydrologic Engineering, Sep 74, 56 pp.

RD-7 Determination of Land Use from LANDSAT Imagery; 4.50 AD-A102 190
Applications to Hydrologic Modeling, Nov 79, 77 pp.

RD-29 Remote Sensing Techniques and Spatial Data 6.50 AD-A195 809
Applications, Dec 87, 145 pp.

SURFACE WATER HYDROLOGY

RD-1 A Cumulus Convection Model Applied to Thunderstorm 2.00 AD-A950 779
Rainfall in Arid Regions, Dec 70, 24 pp.

RD-6 Continuous Hydrologic Simulation of the West Branch 4.50 AD-A102 189

Dupage River Above West Chicago: An Application of
Hydrocomp’s HSP, Jul 79, 65 pp.

10



RESEARCH DOCUMENTS (RD) (continued)

HEC
Number Title

SURFACE WATER HYDROLOGY (continued)

RD-23 Modified-Puls Routing in Chuquatonchee Creek,
Sep 80, 37 pp.

RD-24 Comparative Analysis of Flood Routing, Sep 80,
122 pp.

WATER SUPPLY

RD-25 Reservoir Operation During Drought: Case Studies,
Aug 86, 144 pp.
RD-27 Elements of Conjunctive Use Water Supply, Mar 88,
227 pp.
RD-28 Desktop Techniques for Analyzing Surface-Ground Water

Interactions, May 88, 88 pp.

11

HEC
Price

3.00

6.00

7.00

11.00

5.00

NTIS
Number

AD-A154 285

AD-A158 850

AD-A176 313

AD-A196 280




SEMINAR PROCEEDINGS (SP)

Periodically seminars are held on topics of special interest. Specialists from the HEC, Corps field offices,
universities and other organizations are invited to attend and present papers. These proceedings are a
compendium of papers presented.

HEC HEC NTIS
Number Title Price Number

FLOOD DAMAGE ANALYSIS

SP-19 Flood-Damage Reduction Reconnaissance-Phase Studies, 8.00 AD-A201 926
Davis, CA, 9-11 Aug 88, 181 pp.

FLOODPLAIN MANAGEMENT

SP-8 Nonstructural Flood Plain Management Measures, 9.00 AD-A052 607
Fort Belvoir, Virginia, 4-6 May 76, 199 pp.
SP-17 Local Flood Warning - Response System 8.00 AD-A179 753
MISCELLANEOUS
SP-5 Hydrologic Aspects of Project Planning, Davis, 7.00 AD-A052 604
California, 7-9 Mar 72, 169 pp.
SP-6 Analytical Methods in Planning, Davis, California, 15.00 AD-A052 605
26-28 Mar 74, 196 pp.
RESERVOIRS
SP-1 Reservoir System Analysis, Davis, California, 9.00 AD-A052 134
4-6 Nov 69, 206 pp.
SP-7 Real-Time Water Control Management, Davis, 15.00 AD-A052 606

California, 17-19 Nov 75, 348 pp.
RIVER HYDRAULICS

SP-2 Sediment Transport in Rivers and Reservoirs, 10.00 AD-A052 601
Davis, California, 7-9 Apr 70, 218 pp.

SP-13 Two-Dimensional Flow Modeling, Davis, California, 12.00 AD-A123 847
7-9 Jul 81, 280 pp.

SPATIAL DATA MANAGEMENT

SP-10 Variable Grid Resolution - Issues and Requirements, 6.00 AD-A055 542
Davis, California, 18-19 Aug 77, 120 pp.

12



HEC
Number

SURFACE WATER
SP-3

SP-4

SP-20

WATER QUALITY

SP-9

SP-11

SP-12

SP-14

SP-15

SP-16

SP-18

SEMINAR PROCEEDINGS (SP) (continued)

Title

HYDROLOGY

Urban Hydrology, Davis, California, 1-3 Sep 70,

294 pp.

Computer Applications in Hydrology, Davis,

California, 23-25 Feb 71, 212 pp.

Proceedings of a Workshop on Calibration and Application
of Hydrologic Models, Gulf Shores, AL, 18-20 Oct 88,

240 pp.

Water Quality Data Collection and Management,
Denver, Colorado, 25-26 Jan 77, 142 pp.

Water Quality Data Interpretation, Atlanta,

Georgia, 8-9 Feb 78, 193 pp.

Water Quality Evaluation, Tampa, Florida,

22-24 Jan 80, 236 pp.

Attaining Water Quality Goals through Water
Management Procedures, Dallas, Texas, 17-18 Feb 82,

282 pp.

Applications in Water Quality Control, Portland,

Oregon, 31 Jan-1 Feb 84, 233 pp.

Water Quality R&D: Successful Bridging Between
Theory and Applications, New Orleans, Louisiana,

25-27 Feb 86, 272 pp.

Water Quality ‘88, Charleston, South Carolina

23 - 25 Feb 1988, 444 pp.

HEC
Price

14.00

10.00

11.00

6.50

9.00

11.00

12.00

10.00

12.00

22.00

NTIS
Number

AD-A052 602

AD-A052 603

AD-A101 803

AD-A101 802

AD-A101 804

AD-A123 847

AD-A155 514

AD-A170 041

AD-A198 648



TRAINING DOCUMENTS (TD)

Training documents are written to provide instruction on selected topics. Generally they contain examples
and explanations to assist the reader.

HEC HEC NTIS
Number Title Price Number

FLOOD DAMAGE ANALYSIS

TD-23 Flood-Damage-Mitigation Plan Selection with 2.00 AD-A159 191
Branch-and-Bound Enumeration, Aug 85, 28 pp.

FLOODPLAIN MANAGEMENT

TD-5 Floodway Determination Using Computer Program 5.00 AD-A106 698
HEC-2, Jan 88, 123 pp.
TD-16 Analytical Instruments for Formulating and 5.00 AD-A117 658
Evaluating Nonstructural Measures, Jan 82, 55 pp.
HYDROPOWER
TD-12 Application of the HEC-5 Hydropower Routines, 3.00 AD-A106 705
Mar 80, 49 pp.
RESERVOIRS
TD-3 Reservoir Storage-Yield Procedures, Oct 67, 71 pp. 450 AD-A951 551
TD-20 Water Supply Simulation Using HEC-5, Jul 83, 139 pp. 6.50 AD-A158 888
TD-24 Water Quality Modeling of Reservoir System Operations 6.00
Using HEC-5, Sep 87, 114 pp.
TD-25 Stochastic Analysis of Drought Phenomena, Jul 85, 6.50 AD-A160 947

140 pp.
RIVER HYDRAULICS

TD-5 Floodway Determination Using Computer Program 5.00 AD-A106 698
HEC-2, Jan 88, 123 pp.

TD-10 Introduction and Application of Kinematic Wave 5.00 AD-A106 703
Routing Techniques Using HEC-1, May 79, 100 pp.

TD-13 Guidelines for the Calibration and Application of 3.00 AD-A106 706
Computer Program HEC-6, Feb 81, 38 pp.

TD-18 Application of the HEC-2 Split Flow Option, 4.00 AD-A117 657
Apr 82, 62 pp.

TD-26 Computing Water Surface Profiles with HEC-2 on a 4.00

Personal Computer, Sep 88, 64 pp.
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SPATIAL DATA MANAGEMENT

TD-2 Guide Manual for the Creation of Grid Cell Data
Banks, Jan 88, 74 pp.

TD-19 Application of Spatial Data Management Techniques
to HEC-1 Rainfall-Runoff Studies, Oct 83, 72 pp.

TD-22 A Tutorial on Creating a Grid Cell Land Cover Data
File from Remote Sensing Data, Jun 85, 72 pp.

STATISTICAL HYDROLOGY

TD-11 Adoption of Flood Flow Frequency Estimates at
Ungaged Locations, Feb 80, 50 pp.

TD-17 Mixed-Population Frequency Analysis, Nov 81, 50 pp.

SURFACE WATER HYDROLOGY

TD-8 Guidelines for Calibration and Application of
STORM, Dec 77, 51 pp.

TD-10 Introduction and Application of Kinematic Wave
Routing Techniques Using HEC-1, May 79, 100 pp.

TD-14 Hydrologic Engineering in Planning, Apr 81, 346 pp.

TD-15 Hydrologic Analysis of Ungaged Watersheds with

HEC-1, Apr 81, 172 pp.

TD-19 Application of Spatial Data Management Techniques
to HEC-1 Rainfall-Runoff Studies, Oct 83, 72 pp.

WATER QUALITY

TD-24 Water Quality Modeling of Reservoir System Operations,
Sep 87, 114 pp.

WATER SUPPLY

TD-20 Water Supply Simulation Using HEC-5, Aug 85,
139 pp.
TD-25 Stochastic Analysis of Drought Phenomena, Jul 85,
140 pp.
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FLOOD DAMAGE ANALYSIS

TP-43 Hydrologic and Economic Simulation of Flood Control AD-A106 244
Aspects of Water Resources Systems, Aug 75, 10 pp.
TP-57 Flood Damage Assessments Using Spatial Data AD-A106 256
Management Techniques, May 78, 27 pp.
TP-103 Engineering and Economic Considerations in Formulating AD-A150 154
Nonstructural Plans, Jan 85, 16 pp.
TP-125 An Integrated Software Package for Fiood Damage
Analysis, Feb 89, 23 pp.
FLOODPLAIN MANAGEMENT
TP-47 Comprehensive Flood Plain Studies Using Spatial Data AD-A106 248
Management Techniques, Oct 76, 20 pp.
TP-68 Interactive Nonstructural Flood-Control Planning, AD-A109 764
Jun 80, 12 pp.
TP-96 The Hydrologic Engineering Center Experience in AD-A141 860
Nonstructural Planning, Feb 84, 7 pp.
TP-103 Engineering and Economic Considerations in Formulating AD-A150 154
Nonstructural Plans, Jan 85, 16 pp.
TP-109 One-Dimensional Model For Mud Flows, Oct 85, 6 pp. AD-A160 486
TP-124 Review of the U.S. Army Corps of Engineers Involvement with AD-A202 119
Alluvial Fan Flooding Problems, Dec 88
GROUNDWATER HYDROLOGY
TP-22 A Finite Difference Method for Analyzing Liquid Flow AD-A951 387
in Variably Saturated Porous Media, Apr 70, 47 pp.
TP-52 Potential Use of Digital Computer Ground Water Models, AD-A106 251
Apr 78, 38 pp.
HYDROPOWER
TP-24 Hydroelectric Power Analysis in Reservoir Systems, AD-A951 389
Aug 70, 15 pp.
TP-33 System Simulation for Integrated Use of Hydroelectric AD-A104 911

and Thermal Power Generation, Oct 72, 22 pp.
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TP-61

TP-65

TP-78

TP-79

TP-80

Technical Factors in Small Hydropower Planning,
Feb 79, 35 pp.

Feasibility Analysis in Small Hydropower Planning,

Aug 79, 20 pp.

Potential for Increasing the Output of Existing
Hydroelectric Plants, Jun 81, 20 pp.

Potential Energy and Capacity Gains from Flood Control
Storage Reallocation at Existing U. S. Hydropower
Reservoirs, Jun 81, 18 pp.

Use of Non-Sequential Techniques in the Analysis of Power
Potential at Storage Projects, Jun 81, 18 pp.

MISCELLANEOUS

TP-29

TP-49

TP-56

TP-76

TP-86

TP-87

TP-91

TP-94

TP-98

TP-107

Computer Applications in Continuing Education, Jan 72,
23 pp.

Experience of HEC in Disseminating Information on
Hydrological Models, Jun 77, 9 pp. (Superseded by TP-56.)

Experiences of the Hydrologic Engineering Center in
Maintaining Widely Used Hydrologic and Water Resource
Computer Models, Nov 78, 16 pp.

Institutional Support of Water Resource Models, May 80,
23 pp.

Training the Practitioner: The Hydrologic Engineering
Center Program, Oct 81, 20 pp.

Documentation Needs for Water Resources Models, Aug 82,
16 pp.

HEC Software Development and Support, Nov 83, 11 pp.

Dredged-Material Disposal Management Model, Jan 84,
18 pp.

Evolution in Computer Programs Causes Evolution in
Training Needs: The Hydrologic Engineering Center
Experience, Jul 84, 20 pp.

Dredged-Material Disposal System Capacity Expansion,
Apr 86, 15 pp.
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HEC-1 and HEC-2 Applications on the Microcomputer,
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Technology Transfer of Corps’ Hydrologic Models, Sep 88, 7 pp.

Methods of Determination of Safe Yield and Compensation
Water from Storage Reservoirs, Aug 65, 17 pp.

Functional Evaluation of a Water Resources System,
Jan 67, 28 pp.

Pilot Study for Storage Requirements for Low Flow
Augmentation, Apr 68, 26 pp.

Economic Evaluation of Reservoir System Accomplishments,
May 68, 20 pp.

Hydrologic Simulation in Water-Yield Analysis, 1964, 20 pp.

Techniques for Evaluating Long-Term Reservoir Yields,
Feb 69, 32 pp.

Hydrologic Engineering Techniques for Regional Water
Resources Planning, Oct 69, 26 pp.

Uses of Simulation in River Basin Planning, Aug 70, 28 pp.

Hydroelectric Power Analysis in Reservoir Systems,
Aug 70, 15 pp.

Status of Water Resource Systems Analysis, Jan 71, 13 pp.
System Relationships for Panama Canal Water Supply,

Apr 71, 17 pp. This publication is not available to countries
outside of the U.S.

System Analysis of the Panama Canal Water Supply,
Apr 71, 13 pp. This publication is not available to countries
outside of the U.S.

Digital Simulation of an Existing Water Resources System,
Oct 71, 31 pp.

Drought Severity and Water Supply Dependability,
Jan 72, 18 pp.
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Alternative Approaches to Water Resource System
Simulation, May 72, 12 pp.

System Simulation for Integrated Use of Hydroelectric
and Thermal Power Generation, Oct 72, 22 pp.

Optimizing Flood Control Allocation for a Multipurpose
Reservoir, Aug 72, 15 pp.

Evaluation of Drought Effects at Lake Atitlan, Sep 72,

15 pp. This publication is not available to countries
outside of the U.S.

A Method for Analyzing Effects of Dam Failures in Design
Design Studies, Aug 72, 29 pp.

HEC-5C, A Simulation Model for System Formulation and
Evaluation, Mar 74, 28 pp.

Hydrologic and Economic Simulation of Flood Control
Aspects of Water Resources Systems, Aug 75, 10 pp.

Sizing Flood Control Reservoir Systems by Systems
Analysis, Mar 76, 34 pp.

Techniques for Real-Time Operation of Flood Control
Reservoirs in the Merrimack River Basin, Nov 75, 45 pp.

Effects of Dam Removal: An Approach to Sedimentation,
Oct 77, 36 pp.

Design of Flood Control Improvements by Systems
Analysis: A Case Study, Oct 71, 23 pp.

Operational Simulation of a Reservoir System with
Pumped Storage, Feb 79, 32 pp.

HEC Contribution to Reservoir System Operation,
Aug 79, 28 pp.

Reservoir Storage Determination by Computer Simulation
of Flood Control and Conservation Systems, Oct 79, 10 pp.

HEC Activities in Reservoir Analysis, Jun 80, 10 pp.
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Potential Energy and Capacity Gains from Flood Control
Storage Reallocation at Existing U. S. Hydropower
Reservoirs, Jun 81, 18 pp.

Use of Non-Sequential Techniques in the Analysis of
Power Potential at Storage Projects, Jun 81, 18 pp.

Generalized Real-Time Flood Control System Model,
Apr 82, 18 pp.

Operation Policy Analysis: Sam Rayburn Reservaoir,
Oct 81, 16 pp.

A Software System to Aid in Making Real-Time Water
Control Decisions, Sep 83, 17 pp.

Use of Computer Program HEC-5 for Water Supply Analysis,
Aug 84, 7 pp.

New Developments in HEC Programs for Flood Control,
Aug 86, 18 pp.

Multi-Purpose, Multi-Reservoir Simulation on a PC, Aug 88, 18 pp.

Developing and Managing a Comprehensive Reservoir Analysis
Model, Nov 88

RIVER HYDRAULICS

TP-11

TP-19
TP-20

TP-37

TP-50

TP-53

TP-69

Survey of Programs for Water Surface Profiles, Aug 68,
35 pp.

Suspended Sediment Discharge in Streams, Apr 69, 20 pp.

Computer Determination of Flow Through Bridges, Jul 70,
30 pp.

Downstream Effects of the Levee Overtopping at
Wilkes-Barre, PA, During Tropical Storm Agnes,
Apr 73, 22 pp.

Effects of Dam Removal: An Approach to Sedimentation,
Oct 77, 36 pp.

Development of Generalized Free Surface Flow Models
Using Finite Element Techniques, Jul 78, 21 pp.

Critical Water Surface by Minimum Specific Energy
Using the Parabolic Method, 1981, 15 pp.
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TP-93
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TP-105
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TP-110
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Application of the Finite Element Method to Vertically
Stratified Hydrodynamic Flow and Water Quality, May 80,

12 pp.

Calibration, Verification and Application of a
Two-Dimensional Flow Model, Sep 83, 6 pp.

Flood Routing Through a Flat, Complex Flood Plain
Using a One-Dimensional Unsteady Flow Computer Program,
Dec 83, 8 pp.

Prediction of the Effects of a Flood Control Project
on a Meandering Stream, Mar 84, 12 pp.

Role of Calibration in the Application of HEC-6,
Dec 84, 18 pp.

Use of a Two-Dimensional Flow Model to Quantify Aquatic
Habitat, Apr 85, 10 pp.

Role of Small Computer in Two-Dimensional Flow
Modeling, Oct 85, 6 pp.

One-Dimensional Model for Mud Flows, Oct 85, 6 pp.
Subdivision Froude Number, Oct 85, 6 pp.

Accuracy of Computed Water Surface Profiles - Executive
Summary, Dec 86, 24 pp.

SPATIAL DATA MANAGEMENT

TP-46

TP-47

TP-55

TP-57

TP-67

TP-71

Spatial Data Analysis of Nonstructural Measures,
Aug 76, 21 pp.

Comprehensive Flood Plain Studies Using Spatial Data
Management Techniques, Oct 76, 20 pp.

The Development and Servicing of Spatial Data Management
Techniques in the Corps of Engineers, Jul 78, 26 pp.

Flood Damage Assessments Using Spatial Data Management
Techniques, May 78, 27 pp.

Hydrologic Land Use Classification Using LANDSAT,
26 pp.

Determination of Land Use from Satellite Imagery for
Input to Hydrologic Models, Apr 80, 18 pp.
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TP-92
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Flood Mitigation Planning Using HEC-SAM, Jun 80,
17 pp.

Data Management Systems for Water Resources Planning,
Aug 81, 12 pp.

Hydrologic Engineering Center Planning Models, Dec 83,
17 pp.

Application of Spatial-Data Management Techniques in
Corps Planning, Dec 86, 14 pp.

STATISTICAL HYDROLOGY

TP-1

TP-5
TP-6

TP-8

TP-13

TP-15

TP-18

TP-62

TP-64

Use of Interrelated Records to Simulate Streamfiow,
Dec 64, 18 pp.

Streamflow Synthesis for Ungaged Rivers, Oct 67, 23 pp.
Simulation of Daily Streamflow, Apr 68, 15 pp.

Worth of Streamflow Data for Project Design - A Pilot
Study, Apr 68, 17 pp.

Maximum Utilization of Scarce Data in Hydrologic Design,
Mar 69, 16 pp.

Hydrostatistics - Principles of Application, Jul 69,
15 pp.

Estimating Monthly Streamflows Within a Region,
Jan 70, 18 pp.

Flood Hydrograph and Peak Flow Frequency Analysis, Mar 79,
21 pp.

Determining Peak-Discharge Frequencies in an Urbanizing
Watershed: A Case Study, Jul 79, 15 pp.

SURFACE WATER HYDROLOGY

TP-2

TP-12

TP-16

Optimization Techniques for Hydrologic Engineering, Apr 66,
22 pp.

Hypothetical Flood Computation for a Stream System, Apr 68,
22 pp.

A Hydrologic Water Resource System Modeling Techniques,
1969, 39 pp.
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Computer Models for Rainfall-Runoff and River Hydraulic
Analysis, Mar 73, 46 pp.

Storm Drainage and Urban Region Flood Control Planning,
Oct 74, 40 pp.

Optimal Sizing of Urban Flood Control Systems, Mar 74,
18 pp.

Direct Runoff Hydrograph Parameters Versus Urbanization,
Sep 76, 7 pp.

Adjustment of Peak Discharge Rates for Urbanization,
Sep 78, 7 pp.

Testing of Several Runoff Models on an Urban Watershed,
Oct 78, 53 pp.

Flood Hydrograph and Peak Flow Frequency Analysis, Mar 79,
21 pp.

Corps of Engineers Experience with Automatic Calibration
of a Precipitation-Runoff Model, May 80, 12 pp.

Hydrographs by Single Linear Reservoir Model, May 80,
17 pp.

Investigation of Soil Conservation Service Urban
Hydrology Techniques, May 80, 14 pp.

The New HEC-1 Flood Hydrograph Package, May 81, 28 pp.

Infiltration and Soil Moisture Redistribution in HEC-1,
Jan 84

Probable Maximum Flood Estimation - Eastern United
States, Jun 84, 5 pp.

Flood-Runoff Forecasting with HEC-1F, May 85, 7 pp.

The HEC's Activities in Watershed Modeling, Jul 87,
26 pp.

Real-Time Snow Simulation Model for the Monogahela River
Basin, Dec 87, 7 pp.
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TP-22
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Development, Calibration and Application of Runoff Forecasting
Models for the Allegheny River Basin, Jun 88, 13 pp.

The Estimation of Rainfall for Flood Forecasting Using Radar
and Rain Gage Data, Sep 88, 6 pp.

An Approach to Reservoir Temperature Analysis, Apr 70,
30 pp.

Water Quality Evaluation of Aquatic Systems, Apr 73, 22 pp.

A Model for Evaluating Runoff-Quality in Metropolitan
Master Planning, Apr 74, 81 pp.

Application of the Finite Element Method to Vertically
Stratified Hydrodynamic Flow and Water Quality, May 80,

12 pp.

River and Reservoir Systems Water Quality Modeling
Capability, Apr 82, 15 pp.

Reservoir System Regulation for Water Quality Control,
Mar 83, 18 pp.

Reservoir System Analysis for Water Quality, Aug 84, 27 pp.

Modeling Water Resources Systems for Water Quality,
Feb 85, 20 pp.

HEC-5Q: System Water Quality Modeling, Jan 86, 13 pp.

Modeling and Managing Water Resource Systems for Water
Quality, Feb 87, 15 pp.

A Finite Difference Method for Analyzing Liquid Flow
in Variably Saturated Porous Media, Apr 70, 47 pp.

System Relationships for Panama Canal Water Supply, Apr 71,
17 pp. This publication is not available to countries
outside of the U.S.

System Analysis of the Panama Canal Water Supply, Apr 71,
13 pp. This publication is not available to countries
outside of the U.S.
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OVERVIEW OF FLOOD DAMAGE COMPUTATIONS DAREVL DAVS
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References

a. Expected Annual Flood Damage Computations Users Manual,
Hydrologic Engineering Center, February 1984.

b. Flood Damage Analysis Package - Description, User
guidance, and Example, Hydrologic Engineering Center,January
1986.

c. SID (Structure Inventory for Damage Analysis Users
Manual, Hydrologic Engineering Center, June 1987.

d. ER 1105-2-40 Economic Considerations, Chapter 1 -
Procedures for Evaluation of NED Benefits and Costs, 8 )

January 1982. e BEWSFT = DAMAGLS Cw/o) - DA E (Wi

1. The estimation of damage caused by floods is needed to

| determine the NED benefits that may accrue to flood damage

| reduction projects. The goal is to determine the expected value

| of annual damage for without project conditions and the
consequent damage reduction benefits for alternative mitigation
plans of interest. In a simple conceptual way, the damage
estimation goal is as presented in figure 1. For illustration
purposes, the flood threat over a planning horizon may be

' represented by the time history of flood elevation (or often
referred to as stage) shown as the upper time trace in the
figure. Transforming this time trace of flood elevations to a
time trace of flood damage, and subsequently computing the
average (or better termed the 'expected value')for the record
period is the analytical goal. Performing the analysis for
existing and expected future conditions without proposed
mitigation plans yields the 'without' condition flood damage and
repeating the analysis for a proposed flood loss mitigation plan
results in determining the 'with' condition flood damage. The
difference between the without and with conditions is the flood
damage reduction benefits - normally expressed as the expected
annual benefits.

21 Two alternative computation strategies are commonly used to
estimate the annual flood damage. One strategy is termed the
'continuous record' method and it is designed to mimic the
conceptual picture presented in figure 1 by computing the

damage for a continuous record elevation - hydrograph. The
strategy consists of developing and applying computational
methods that permit accurately determining the damage
consequences of an historic record of flooding. This method is
most commonly used for computing agricultural flood damage.

The other strategy, often termed the 'frequency' method, is most
commonly employed in performing urban flood damage analysis.
Flood damage is computed for a range of flood events usually

‘ L-1138/DWD/87
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represented by an exceedance frequency curve and the result is
weighted by the appropriate exceedance probability to develop
the expected annual value. Figure 2 is a conceptualization of
the frequency method for expected annual flood damage
computation. The frequency method forms the basis for the HEC
Flood Damage Analysis Package.

3. The study area should be partitioned into discreet units to
facilitate practical analysis needs. Aggregation areas, termed,
damage reaches, are defined that enable data to be aggregated. ‘at
index locations to represent the hydrologic conditions,
distribution of flood damage potential, and to accommodate the
study of a variety of mitigation alternatives. Figure 3 is a
conceptualization of the study area partitioning process.

4., Evaluation functions are developed for each damage reach for
the several alternatives of interest. The functions are
developed and applied at the adopted index location for the
reach. Evaluation functions are needed to represent the flood
hazard and frequency and damage potential. The functions for
flood hazard and frequency are: flow-exceedance frequency
function (commonly referred to as a 'frequency curve' and an
elevation-flow function (commonly referred to as a 'rating
curve'. These two functions are sometimes combined into an
elevation-frequency function (sometimes called a 'stage-
frequency' curve). It is best to keep them separate whenever
possible to facilitate representing the effects of various
mitigation measures.

5. The damage potential is represented by an elevation-damage
function often referred to as simply the 'damage curve'. The
damage potential function is usually developed by aggregating
individual property damage relationships for the damage reach to
a single function at the index location. Several functions are
often developed to represent categories of damage potential.
Figure 4 is a summary of the evaluation relationships used in
flood damage analysis. Figure 5 presents conceptually the
aggregation of property structure damage functions to an
aggregate damage function at the index location. Figure 6 is a
summary diagram of the function development, aggregation,
computation process.

6. The function formed from the several evaluation functions is
a frequency - damage relationship. The function thus formed is
termed in statistical terminology, a cumulative distribution
function of flood damage. Integration of a cumulative
distribution function yields the 'expected value' so that if

the functions are formed representing annual values (eg an
annual series frequency curve), then the integral is the
'expected annual damage' commonly referred to as the average
annual damage.
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The basic and derived evaluation relationships are shown above. Concepts
important to their construction are described herein.

Stage-Flow Relationship: This is a basic-hydraulic function that shows for a
specific location, the relationship between flow rate and stage. It is
frequently referred to as a ‘rating curve’ and is normally derived from water
surface profile computations.

Stapge-Damage Relationship: This is the economic counterpart to the stage-
fTow function and represents the damage which will occur for various river
slages. Usually the damage represents an aggregate of the damage which could
occur some distance upstream and downstream from the specified location. |t
is usually developed from field damage surveys.

Flow-Frequency Relationship: 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 through watershed model calculations.

Damage-Frequency Relationship: This relationship is derived by combining the
basic relationships using the common parameters stage and flow For example,

the damage for a specific exceedance frequency i1s determined by ascertaining

the corresponding flow rate from the flow-frequency function, the corresponding
stage from the stage-flow function and finally the corresponding damage from

the stage-damage relationship. Any changes which occur in the basic relationships
because of watershed development or flood plain management measure implementation
will change the damage-frequency function and therefore the expected annual

damage that is computed as the integral of the function (area underneath).

Other Functional Relationship: The flow-damage relationship is developed by
combining the stage-damage with the stage-flow relationship using stage as
the common parameter. The stage frequency relationship is developed by
combining the stage-flow with the flow-frequency relationship using flow as
the common parameter. The damage-frequency relationship could then be
developed as a further combination of these derived relationships.

Figure 4 Basic and Derived Relationships
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7. The computation of expected annual damage from the damage
frequency function is ¢ommonly performed by simple numerical
integration methods such as planimetering, counting squares,
application of rectangular or trapezoidal rules but most commonly
by use of computer programs. Figure 7 illustrates several of the
integration methods. A few key points are important to the
accurate integration of the function. Both ends of the function
must be well defined - start the computations before the
threshold of damaging floods and continue them systematically to
the end of the function, don't stop until "O0" exceedance
frequency is reached. Be sure to define the function at all
points of change throughout and include sufficient computation
points to accurately perform the integration. Often times
inadequate subdivision is used in the low damage - high frequency
area of the function and this can lead to significant error.
Weighting a low damage value with a large probability increment
can result in a very large incremental contribution to the

expected value.

8. The functional relationships defining the flood hazard and
frequency and damage potential can and often do change with time
and therefore the computed expected value can also change with
time as well. This reflects that development within the flood
plain may change over time as well as the hydraulic
characteristics of the stream from say encroachments, scour and
deposition, and morphological changes. The flow-frequency
function may change as well because of changes in the watershed
runoff characteristics and implementation of flood damage
mitigation plans. An equivalent annual value is computed so that
residual damage of alternative plans may be compared with
investment plans. The equivalent annual damage represents a
uniform distribution of annual values and is computed by
discounting and amortizng each year's expected annual damage
value over a period of analysis. The discounting and
amortization takes into account the time value of money. Figure
8 graphically portrays the concept of varying annual damage and
equivalence.
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‘ OVERVIEW OF THE EXPECTED ANNUAL DAMAGE PROGRAM

(761-X6-L7580) woece D KUBIE

1. Program Purpose

The basic purpose of the computer program is to compute expected
(average) annual flood damages and to allow comparison of flood plain
management plans. Particular attention was given to ER 1105-2-351,
"Evaluation of Beneficial Contributions to National Economic Develop-
ment for Flood Plain Management Plans." Only flood damage inundation
reduction benefits may be evaluated by the program. ,

2rob, K oferacl

2. Gemeral Capability —(£AD) EADZ T :
a. Three Modes of Operation
(1) Compute flood damages for specific events
(2) Compute expected annual flood damages

(3) Compute equivalent annual flood damages for an analysis
period.

‘ b. Damage Categories

The various types of flood damages: wurban, agricultural,
industrial, services, residential, etc., are computed
separately and then totaled. Up to 18 damage categories may
be specified.

c. Flood Plain Management Plans

Each flood plain management plan is described by the effect that
it has on the input hydrologic, hydraulic, and/or economic
relations. If inundation reduction benefits are to be computed,
the first plan should be for "without" conditions. Up to 13
plans may be specified.

d. Input Data Years

The input data may be referenced to past or future years. The
magnitude of the relations for a particular year are then
determined by linear interpolation between the input data years
for that relation. Up to nine different input data years are
allowed.

L-271/HEK/ 4-84

@ 1




35

Reach Concept

A reach is a section of flood plain that can be represented -
by the same flow-frequency and stage-flow relations. Economic
data, political boundaries, physical features, etc., may also
govern selection of reaches. Data are input on a reach-by-
reach basis.

Reach Input Data

A1l data for one flood plain management plan are input (followed
by an EP card) and those data are processed and output before the data

for the next plan is read.

a.

L-271

Frequency Data

If expected annual flood damages are computed, the exgee@ance
frequency, expressed as percent chance of exceeding, is input
via the FR card. The same FR card data will be applied to g]]
succeeding reaches until another FR card is encountered. §1ther
the corresponding flows (QF card) or stages (SF card) are input
for the particular plan. Several sets of QF (or SF) cards may
be input, each identified with a different input datg year..
This relation need not be repeated for each plan if it remains
the same. Be sure the first frequency value is below the non-
damaging stage (or flow) and that the last value is a very rare
event (.1 is usually adequate).

Stage-Flow Data (Rating Curve)

Need not be supplied if not needed, i.e., damages known for
frequency values. Stages are input on SQ card and flows on
QS cards. Several QS cards may be supplied for different
input data years. This relation need not be repeated for
each plan if it remains the same. Be sure that range of
data covers that on the QF (or SF) cards as there is no
extrapolation.

Stage (or Flow) - Damage Data

Unless the aamages are known for the frequency values, either
stages (SD card) or flows (QD card) are input and the correspond-
ing damages (DG card). The damages are identified by category
number and several sets may be required for different input

data years. These relations need not be required for different
input data years. These relations need not be repeated for

each plan if they remain the same. Be sure that the range

of data on the SD (or QD) card covers zero damage and that

on the QF (or SF) cards as there is no extrapolation.
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RV Card

Useful in modifying previous data to generate new relations for
a new flood plain management plan. Can be used to evaluate
raising all structures in the reach (or subreach) or examine
various protection levels.

End-of-Data Cards

(1) EP - Denotes end of data for a particular plan

(2) ES - Denotes end of a subreach. Like a reach, but no
change in the frequency and/or rating curve relations.

(3) ER - Denotes the end of data for a plan and also the last
data for a reach

(4) EJ - Denotes the end of data for a plan, reach, and job
and begins the summary output

Steps in the Computation of Expected Annual Damages

ars

b.

Program keys on input exceedance freguency values.

A cubic polynomial fit is made of frequency vs flow (or stage) data
and nine additional points are generated (at .1, .2, etc. of the
distance) between two adjacent exceedance frequency values.

The damage is computed (for a given input data year, if necessary)
for each input and generated frequency value by dropping through
the necessary relations, e.g., find the stage for the flow
corresponding to the frequency value, then find the damage
corresponding to the stage. Linear interpolation is used for

the stage-flow and stage (or flow) damage relations. Linear
interpolation is also used to determine the relations for

specific years between those that were input.

The exceedance freauency values are converted to exceedance
probability by dividing by 100 and a cubic polynomial fit is made
of the probability-damage data. The resulting relation is
integrated by application of 3-point Gaussian gquadrature between
each input and generated probability point. The last area is
added as a rectangle (damage times the last probability value).
The total area is the expected annual value.




5. Computation of Equivalent Annual Flood Damages

The study year, base year, 5 decade years and the end-of-analysis years
are added to the input data years as points in time to compute expected
annual damages. Then expected annual damages (EAD) are found for each
year by linear interpolation, the present worth of EAD for each year is
computed at the base year, and then amortized over the period of analysis.
6. Computation of Inundation Reduction Benefits

Various flood plain management plans may be subtracted from each other
for comparison purposes.
7. A Look at the Output

a. Input data

b. Damages

c. Expected annual flood damages

d. Equivalent annual flood damages

e. Summary

8. Other Features
a. Can punch damage and EAD data for input into HEC-5

b. Data files generated by DAMCAL, SID, HEC-1, HEC-2, and HEC-5
can be used as input.

References: a. Users Manual, Expected Annual Flood Damage Computation,
HEC Computer Program 761-X6-L7580, February 1984.

b. ER 1105-2-351, Evaluation of Beneficial Contribution to

National Economic Development for Flood Plain Management
Plans, U.S. Army Corps of Engineers, 13 June 1975.

L-271




SELECTING FREQUENCY VALUES

EAD PROGRAM
Low END
® Annual Event Frequency Curve
FR STA1 10 50, 40, 30, 00 cEell L mf\

‘K\N__. No damage below mean annual flood
(usually an urban area) Sl W

® Annual Event Frequency Curve

FR STAL 15 Cop 0. &0,
D

70, etcr
amage can gg’;;;;;;?Tir‘7
requent events i

® Partial Duration Frequency Curve

FR STAL I8 <208, < A58h 0100, Xy oo

Damage can be caused by several D)
events each year ,

HicH END
AR S A N - :
FR U il NS 0i2 “R~__;?;_No damage reduction should be )
| provided above this value &
BR ol iy 2800 0:2 i




STAGE-FLOW DATA

EAD PROGRAM
| NEEDED WHEN:
‘ FR 1
Flow-Frequency Relations tageff
OF e below damaging ° /-
? at oY
SQ « o %_l?; val\les
Rating Curve \
(SE $’/Lé
Qny st Valueg Sk
SD or abOVe 1a
Stage-Damage Relations St frequene
DG Y value
=
. NoT NEEDED IF:
FR
Damage-Frequency Relations
DG
OR:
FR 1
Stage-Frequency Relations
SE.
3D 1
Stage-Damage Relations
DG
OR:
FR 1
Flow-Frequency Relations
@ -
QD -
Flow-Damage Relations
' DG |




STAGE-FLOW DATA FOR SUB-REACHES
EAD PROGRAM

RATING CURVE NEEDED FOR ONLY FIRST SUB-REACH:

RN Name of sub-reach

FR
] Frequency Relations for Plan 1

oOF
SQ 1
Rating Curve
Qs
SD 1
Stage-Damage Relations for Plan 1
DG
EP End of Plan 1
. QF Modified frequency relations for Plan 2
ES End of Plan 2 and sub-reach 1
| RN Name of sub-reach 2
QF Frequency relations for Plan 1

SD
] Stage-Damage relations for Plan 1

DG
ER

etc.




RATING CURVE MODIFIED FOR SUB-REACHES
EAD PROGRAM

RATING CURVE NEEDED FOR SECOND SUB-REACH:

RN
FR
N3
SQ
N
3D
DG
ER
Q
QS
ES
RN
Q
QS
SD

DG
EP

]

Name of first sub-reach

Rating Curve for existing conditions

End of Plan 1

Rating Curve as modified by channel improvement

End of Plan 2 and sub-reach 1

Name of sub-reach 2

Rating Curve for existing conditions (input again)

End of Plan 1

S EIECEST




DAMAGE RELATIONS
EAD PROGRAM

DIFFERENT STAGES FOR EACH RELATION:

S
. ]Relatlon for
DG il s lBEg;”zl Damage Category 1
as )
11— FlrSt s SH lasttfval >
Zero dap, ould pe Teque, . 0Uld Be

SD ] S % VaJUe @boy,g

Relation for Damage Category 2 2
DG 2

SAME STAGE FOR EACH RELATION:

g\'

SD ;i Pfov1de Just onceé:7
DG Ligk
DG 2

(2EEG

DAMAGES CHANGE WITH TIME:

SD

DG 1980 1 ]

DG 1995 1l Damage for category 1 changes with time
DG 2030 1

e T(fzﬂf\/f\vf s —_—
DG 2 11 categories need not change with tim?j




REVISION OF DATA
EAD PROGRAM

RV CARD MUST APPEAR LATER THAN THE RELATION TO BE MODIFIED.

USES:

CAN BE USED TO RAISE ONE OR ALL DAMAGE CATEGORIES BY X FEET.
CAN MULTIPLY ONE OR ALL DAMAGE CATEGORIES BY A FACTOR.
CAN TRUNCATE ALL DAMAGE BELOW A GIVEN FLOW, STAGE, OR
FREQUENCY. CANNOT USE FREQUENCY TRUNCATION IF ANY RELATIONS

CHANGE WITH TIME.

TRUNCATION MAY BE FOR ONLY ONE REACH OR MAY BE APPLIED
FOR A GIVEN PLAN TO ALL REACHES.

TRUNCATION DOES NOT MODIFY ANY OF THE THREE BASIC INPUT
RELATIONS.
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ER

ES

ER

Ed

END-OF-DATA CARDS
EAD PROGRAM
END OF PLAN, ANOTHER PLAN FOR SAME REACH WILL FOLLOW.

END OF A PLAN AND SUB-REACH, A NEW SUB-REACH WITH SAME
FREQUENCY AND/OR RATING CURVE RELATIONS WILL FOLLOW.

END OF A PLAN AND REACH, A NEW FREQUENCY AND., IF APPLICABLE,
NEW RATING CURVE RELATIONS WILL FOLLOW.

END OF PLAN, REACH, AND JOB; EITHER A NEW JOB MAY FOLLOW
OR END OF RUN.

. NOTE: ENDING CARDS ARE MUTUALLY EXcLusive ! ! !
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COOPER CREEK, TEXAS
Flood Damage Analysis Workshop Package

I. Introduction

A. Purpose of the Workshop Package

This Workshop Package illustrates the application of the HEC Flood Damage Analysis Package.
It describes an actual study performed for the city of Denton, Texas by the Ft. Worth District, U.S.
Army Corps of Engineers. The Workshop Package also presents a series of workshops that require
the analyst to compute relationships by hand and apply HEC’s Flood Damage Analysis Package of
computer programs in conjunction with HEC’s data management system. After completing the
workshops, the student will have performed all of the technical procedures which are required to
evaluate damage reduction along Cooper Creek. Several structural and nonstructural alternatives
are compared by computing Expected Annual Flood Damage and comparing damage reduction
associated with each plan. This requires the use of computer programs HEC- 1, HEC-2, HEC-5,
SID, DAMCAL, and EAD. All programs are linked through the DSS system. This requires the
application of HECDSS utility programs including DSSUTL, DSPLAY, and PIP. Much of the data
presented in this appendix was used in the actual study. However, several hypothetical alternatives
have been added and some input data has been altered to more fully demonstrate the use of the
Package. The reader should not assume that any of the data presented herein represents true fact.

B. Background

The city of Denton in early 1979 requested the Corps to study flooding problems in the city
caused by Cooper Creek. In response, the Fort Worth District prepared a reconnaissance report in
accordance with the Continuing Authorities program. The information developed from the
reconnaissance indicated that the flood problems could be alleviated; consequently, the feasibility
study was authorized under Section 205 of the Flood Control Act of 1948.

II. Problem Identification

Intense thunderstorms over a relatively small area cause flooding in the city of Denton.
Urbanization and clay soils produce low infiltration and high peak flows from even relatively light
rainfalls. Denton County was declared a flood disaster area in 1957 and again in 1974. Another
major flood occurred in 1962. Damage included flooded homes and businesses and washed out
bridges.

Cooper Creek and its tributaries are largely unimproved streams which have mild slopes and
small channel capacities in relationship to their drainage areas. The bridges spanning the creek
have limited hydraulic capacities and frequently cause backwater conditions. Brush and other plants
tend to grow in the channel and flood plain, further retarding flow and producing higher flood
elevations. The watershed is rapidly urbanizing with the newly developed residential subdivisions
along the creek subject to flooding. Although actual flooding of houses has been limited to a small
number along Cooper Creek, the potential for significant damage exists due to the large number of
residences in the flood plain.

H-784/RDC/90 1




ITI. Description of the Study Area
A. General

The city of Denton is the county seat of Denton County and is located in north central Texas
about 36 miles north of Fort Worth and 38 miles northwest of Dallas. Direct freeway access
between Denton and Fort Worth and Dallas is provided by Interstate Highway 35. The estimated
1980 population is over 50,000 and it has a corporate area of nearly 81 square miles. The city of
Denton and the Cooper Creek watershed lie in the Trinity River Basin. The study area is shown
on figure 1.

The study area lies in a region of temperate mean climatological conditions experiencing
occasional extremes of temperature and rainfall of relatively short duration. The annual mean
rainfall is 32.3 inches. The maximum and minimum annual rainfall during the National Weather
Service (NWS) period of record are 51.03 inches occurring in 1932 and 17.91 inches in 1921,
respectively. The mean relative humidity is 65 percent, and the average temperature is 65.5
degrees. The record temperature extremes range from a maximum of 113 degrees in June 1980 to
a minimum of -8 degrees in February 1899.

B. Flood Plain

Cooper Creek originates north of Denton, flows in a southeasterly direction through the
northeast part of the city, and continues to Lewisville Lake. The Cooper Creek watershed is about
6.1 miles long with an average width of about 2.0 miles and contains an area of 10.7 square miles.
The creek is a small but well-defined, mostly unimproved channel with several tributaries. The
main channel has an approximate average depth of 6 feet, top width of 50 feet, and a slope of 25
feet per mile. The creek is normally dry, with flow occurring only during periods of extended
rainfall. Extensive residential development exists in the flood plain on both sides of Cooper Creek
from approximately 1/4 mile downstream of Burningtree Lane upstream to Stuart Road in the
upper reaches of the study area. There also exists a small pocket of residential development
southeast of Mingo Road in the lower reaches of the study area. Commercial development is widely
scattered throughout the lower end of the study area and has only minimal flood damage potential.
Much of the vegetative cover in the study area is in its natural state except where residential
development has encroached upon the creek in the upper end of the study area.

IV. Analysis Procedure

The general analysis procedure used in this Workshop Package is:

Compute Expected Annual Damage by Hand

Define available data

Define damage reaches, index locations, stage/elevation datum.

Define naming conventions (file and pathname).

Establish hydrologic and hydraulic information.

Establish economic relationships.

Evaluate flood damage reduction plans by computing expected annual damage.

Specifically, the following applications will be performed:

o Flow-frequency data will be generated using HEC-1 and HEC-5.

e Elevation-flow data will be generated using HEC-2.

e Elevation-flood damage information will be computed using both DAMCAL and SID. Only
one of the programs would normally be used for a study. Both are used herein for
illustrative purposes only.

H-784/RDC/90 2



These procedures will be accomplished for the base condition as well as for the alternative plans.
The DSS will act as a data manager to pass results from one program to another. The EAD
program will be used to calculate the expected annual damage for the base condition and the
alternative plans. The following paragraphs describe the sources of information necessary for each

for the featured programs.

V. Data Sources

Rainfall for the various frequency storms was developed using data in National Weather Service
Technical Paper 40 (TP 40), National Oceanic and Atmospheric Administration Technical
Memorandum NWS Hydro-35, and Corps of Engineers Civil Engineer Bulletin No. 52-8, "Standard
Project Flood Determinations". Losses were deducted using the block and uniform loss method.
Time to peak was developed for each basin using methodology described in "Synthetic Unit
Hydrograph Relationships, Trinity River Tributaries, Fort Worth-Dallas Urban Area" by T.L. Nelson,
1970. Routing of the flood hydrographs was accomplished using modified Puls routing. Figure 2
depicts the schematic for the HEC-1 and HEC-5 simulation input data.

Stream cross-section information for the HEC-2 model was obtained from field surveys. These
sections were supplemented with interpolated sections taken from the city of Denton 2-foot
topography dated 1974. Figure 3 shows the location of the cross-sections and the index locations
used for the SID and DAMCAL runs. Bridge models were developed using field surveys and bridge
plans where available. Mannings "n" values were determined from field reconnaissance and aerial

photography.

Figure 4 shows the structures inventoried for subsequent analysis with SID. The finished floor
elevations of these structures was determined form field surveys. A field reconnaissance was
performed to determine the structure types, and a real estate gross appraisal was obtained to
determine the value of the structures. The Fort Worth District’s Socio- Economic Branch of
Planning Division determined the stage-percent damage functions. Damageable property was divided
into five categories as shown in Table 1.

Table 1: Damage Categories

Category Identifier Description

RESIDENT Residential Structures
GAS STAT Service (Gas) Stations

SCHOOL Schools
CHURCH Churches
OTHER Miscellaneous

The miscellaneous category is established only for computational purposes. It will catch any damage
that, due to some error, is not aggregated to the other specific categories. Tables 3 through 6 list
the damage function relationships for the above categories. Figure 5 depicts the structure damage
functions and figure 6 depicts the content damage functions.
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Land use interpretation needed to construct the grid cell data bank that is used by DAMCAL
was obtained from field reconnaissance and aerial photography, and the city of Denton 20 year
Community Plan published in 1970. A data bank consisting of 0.29 acre grid cells was created to
contain the data for the DAMCAL analysis. The grid cells are 125 feet by 100 feet rectangles and
number about 5000. Data was encoded into each grid cell for land use type, damage reach
boundary, reference flood and topographic elevation, and other pertinent information. Figures @
and @ are line printer maps of the land use and damage reach boundaries, respectively, contained
in the grid cell data bank. Grid cell ground elevations were interpolated from the 2 foot topography
maps, and the reference flood elevations used were the 50-year exceedance interval flood elevations
obtained from an existing condition HEC-2 run.

VI. Plan Selection

A variety of structural and non-structural flood control measures were considered in the Cooper
Creek study. Many of the structural measures were ruled out after cursory examination. These
plans included detention ponds, levee floodway, and diversion channels. Due to excessive cost,
limited right-of-way, and/or lack of easement, only channel improvement measures were studied in
detail.

This Workshop Package will consider some hypothetical structural and nonstructural measures
in addition to those measures actually studied. This includes detention ponds, gated detention
ponds, and diversion channels. Table 2 lists the plans which are analyzed in this series of workshop
problems.

Table 2: Damage Reduction Plans

Identification Description

BASE Baseline (existing conditions).
UNGTD SPILL 650 Ungated reservoir, spillway elevation 650 feet.
UNGTD SPILL 655 Ungated reservoir, spillway elevation 655 feet.

GATED SPILL 650 Gated reservoir, spillway elevation 650 feet.
CHIMP 40FT Channel Improvement, 40 foot bottom width.
FP-2% Flood proofing, 2 percent chance exceedance.

Figure 9 depicts the HECDSS data files which will be used in this workshop. The programs
HEC-1, HEC-2, and HEC-5 may write more data than is actually needed to calculate expected
annual damage. Therefore, each of these programs write data to their own HECDSS data file, and
then only the necessary data is copied into the master HECDSS data file.

VII. Archiving Procedures
An important portion of the study, following the actual analysis completion, is the permanent

storage of study information. The reason for ending work n the study is inconsequential; of
importance is the fact that sometime in the future, the information may be needed again.
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The most efficient method of archiving the input data, output listings, and intermediate files is
to save them on a magnetic tape. Most installations have this capability, and the process is fairly
simple. At least two tapes should be made in case one tape is accidentally destroyed. The chances
of this happening are slim, but it is better to take the precaution (tapes do not take up much room
as far as storage is concerned). It is also recommended that the data on the tapes be verified to be
certain that the information is correctly stored.

The above archiving procedure should also be followed by users of Personal Computers also.
Data may be stored on floppy diskettes, on backup cassette tapes, or portable mass storage "hard"
disks.

Archiving data requires that the analyst not only save the data, but save it in a proper format
as well as document data and files in detail. Archived data includes simulation input data (such as
HEC-1, HEC-2, SID, etc. input data) as well as data stored in HECDSS data files. HECDSS data
files are direct access, unformatted files. The user cannot view the data directly but must instead
execute a utility program. To archive the HECDSS data files, the user should archive the file both
directly (as a direct access, unformatted file) and indirectly (a generic, human readable ASCII file).
The later requires the analyst to execute a data management utility program to transform data into
an ASCII format that can later be read by the same utility program and directly stored into a new
HECDSS data file.
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. Table 3: Residential Damage Functions

RS1 RC1
Stage Structure Content
(feet) (percent) (percent)

-1
0.0
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0

10.0
11.0
12.0
13.0
14.0
15.0
16.0
17.0
18.0

1
2
3
4
5
6
7
8
9

Table 4: Service Station Damage Functions

GS1 GC1
Stage Structure Content
(feet) (percent) (percent)

-1
0.0
1.0
2.0
3.0
4.0

ORI T W =
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Table 5: School Damage Functions

SS1 SC1
Stage Structure Content
(feet) (percent) (percent)

1
2
3
4
5
6
7
8
9

0
0
10
11
11

Table 6: Church Damage Functions

CS1 CC1

Stage Structure Content
(feet) (percent) (percent)

OWI®D O W =

0
10
28
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Street

Address

Damage
Category

Table 7: Reach 11 Structures

Struct Contnt
Value Value

River
Loc.

Struct.

5// /00/
)7 F

Ref. EL

2920 BRISTOL ST
2919 BRISTOL ST
2921 BRISTOL ST
3917 BRISTOL ST
2915 BRISTOL ST
2913 BRISTOL ST
1406 CHURCHILL DR
1402 CHURCHILL DR
1324 CHURCHILL DR
1320 CHURCHILL DR
1314 CHURCHILL DR
1310 CHURCHILL DR
1306 CHURCHILL DR
1304 CHURCHILL DR

Street

Address

Residential
Residential
Residential
Residential
Residential
Residential
Residential
Residential
Residential
Residential
Residential
Residential
Residential
School

Damage
Category

Table 8: Reach 12 Structures

Struct Contnt
Value Value

27220
27375
27265
27450
27500
27555
26910
27070
27180
27290
27400
27530
27660
27690

River
Loc.

/
623.4

624.3
622.4
624.8
624.2
625.4
621.3
622.0
622.9
623.4
623.4
624.3
625.2
622.4

3105 HEATHER LN.
3110 HEATHER LN.
3114 HEATHER LN.
3116 HEATHER LN.

3118 HEATHER LN.
3202 HEATHER LN.
3206 HEATHER LN.
3208 HEATHER LN.
3205 HEATHER LN.
3207 HEATHER LN.
3209 HEATHER LN.

H-784/RDC/90

Church

Residential
Residential
Residential
Residential
Residential
Residential
Residential
Residential
Residential
Residential

15

27970
28270
28340
28415
28490
28550
28570
28570
28680
28680
28680

£,




. Table 9: Reach 13 Structures

Street Damage Struct Contnt River Struct.
Address Category Value Value  Loc. Ref. EL

1101 MONTERRY ST. Service statn. 29030 634.9
1021 MONTERRY ST. Residential 29030 636.6
1013 MONTERRY ST. Residential 29250 636.7
1009 MONTERRY ST. Residential 29460 635.7
1005 MONTERRY ST. Residential 29460 635.6
1001 MONTERRY ST. Residential 29640 636.3
1000 MANHATTEN Residential 29640 637.0
1004 MANHATTEN Residential 29460 636.4
1008 MANHATTEN Residential 29250 636.0
1014 MANHATTEN Residential 29250 636.2
1018 MANHATTEN Residential 29030 635.1
1100 MANHATTEN Residential 29030 635.2
1104 MANHATTEN Residential 29030 633.9
1109 MANHATTEN Residential 29030 635.4
1105 MANHATTEN Residential 29030 635.3
1101 MANHATTEN Residential 29030 635.4
1021 MANHATTEN Residential 29030 635.0
1017 MANHATTEN Residential 29030 634.9
1013 MANHATTEN Residential 29250 634.8
1009 MANHATTEN Residential 29250 635.3
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Introductory COED Exercise

Training course on Flood Damage Analysis, 12-16 February 1990.

Introduction

This exercise introduces the analyst to the use of COED to edit a SID structure inventory data
file. The methods and commands used in this exercise are typical of those required to edit and
manage most data files associated with the FDA programs. COED is invoked in the full screen
mode from the FDA menu program. The FDA menu program generates the proper commands to
invoke COED in the full screen mode and attach on-line documentation which describes each data

field and each record. You will use the existing data file named "EXAMPLE.I". It
contains some information for one structure. You will edit that information as well as add data for

a second structure. The file "EXAMPLE.I" is listed below:

SL RCH 1 ROO1 3464.8 3463.8
SD RCH 1 ROO1 RESDNTLRS1 130RS2 -50

Tasks:

1. Invoke the FDA menu program:
a. From the DOS prompt, type the command "MENUFDA" followed by the "Enter" key.
b. Press any key to bypass the banner page.

c. Select the study "FDA COED exercise" by using the cursor keys to highlight the study name
and pressing the "Enter" key.

d. Select the program "SID" by using the cursor keys to highlight the program and pressing the
"Enter" key.

e. Define the structure inventory data file by using the cursor keys to highlight the data file

"Structure file", pressing the "?" key, and selecting the data file "EXAMPLE.I' by using the
cursor keys to highlight that file and pressing the "Enter" key.

H-860/RDC/90 page 1




2. Use of COED to edit the file "EXAMPLE.I"

a. Once the FDA menu program is invoked and the structure inventory file name is defined,
you are ready to edit that file using COED. Edit the structure inventory file "EXAMPLE.I"
by pressing "Alt-E" (pressing and holding down the "Alt" key and then pressing the "E"
key). The data in this file is taken from Training Document 21. The file contains data for
a residential structure and you will be required to edit that data and then enter data for a
commercial structure.

b. Invoke the help function for COED to get information about the "Help Program Information"
by pressing the F1 function key and following the instructions listed below or the
instructions that COED gives you. The "Help Program Information" is the same information
given in Appendix C of the COED manual.

F1 Press the F1 function key to get help about the COED editor.
"Enter" Press the "Enter” key to get the next page of help information for COED.

"Enter" Press the "Enter" key to get the next page of help information which should be
an index of help information.

21 Press the "2" key, then the "1" key, and then the "Enter" key to obtain
information about the "Help Program Information".

Q Press the "Q" key to exit from the "Help Program Information" mode and
return to the help mode.

F1 Press the F1 function key to return to the edit mode.

c. [Edit the existing structure input data for SID contained in the file "EXAMPLE.I'. The data
in this file is taken from Training Document 21. The file contains data for the residential
structure and you will be required to edit that data and then enter data for the commercial
structure. The table below defines the various values for individual variables and the data
columns in which the data should be entered. Allow COED to right or left justify the data.

Structure: Residential structure R001

Record Variable
1.D. Columns Name Value
SL 1-2 - SL
3-8 IDRCH RCH 1
9-16 IBLDG R001
33-40 ADJ 3464.8
41-48 STOPO 3463.8
SD 1-2 - SD
3-8 IDRCH RCH 1
9-16 IBLDG RO01
17-24 IDCAT RESDNTL
25-27 ID1FS RS1
28-32 V1FS 130
33-35 ID1FC RS2
36-40 V1FC -50
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Structure: Commercial structure C001

Record Variable
I.D. Columns Name Value
SL 1-2 - SL
3-8 IDRCH RCH 1
9-16 IBLDG C001
33-40 ADJ 3465.9
41-48 STOPO 3462.4
SD 1-2 - SD
3-8 IDRCH RCH 1
9-16 IBLDG Co001
17-24 IDCAT COMERCL
25-27 ID1FS CM1
28-32 V1FS 60
33-35 ID1FC CM2
36-40 V1FC 250

3. Edit the reference flood elevation for structure R001.
‘ e Use the cursor keys to move to the record containing the SL record for structure R001.

o Repeatedly press and release the "Tab" key to move to column 40 which is the last column
in the field for variable "ADJ".

o Verify this and get the "help program information" for this variable by entering "Alt-F1".
This should display on the screen a description of the variable "ADJ". If it describes another
variable, you are not properly positioned.

o Edit the existing value of 3464.8 to the new value of 3463.75. Use the keys "Backspace’,
"left arrow", "right arrow", "Del", and the numeric keys to modify this value.
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4. Enter data for the commercial structure CO001.

Move the cursor to the bottom of the file by pressing the "End" key twice.

Invoke the "insert line" mode by pressing the F4 function key. The message "insert line"
must appear at the bottom of the screen. This should put the cursor on a blank line below
the SD record for building R001 and in column one.

Begin entering data for structure C001 by entering the characters "SL" in columns one and
two.

Enter the reach identification "RCH 1" by pressing the "Tab" key to move the cursor to
column eight and entering "RCH 1".

Enter the building identification "C001" by pressing the "Tab" key to move the cursor to
column sixteen and entering "C001".

Enter the reference flood elevation of 3465.9 by pressing the "Tab" key three times to move
the cursor to column 40 and entering 3465.9.

Enter the structure reference elevation of 3462.4 by pressing the "Tab" key to move the
cursor to column 48 and entering 3462.4.

Generate the next line by pressing the "Enter" key (you still must be in the "insert line"
mode --- the message "insert line" must appear at the bottom of your screen).

Begin entering data on the SD record by entering SD in columns one and two of the new
line.

Enter the reach identification "RCH 1" by pressing the "Tab" key to move the cursor to
column eight and entering "RCH 1".

Enter the building identification "C001" by pressing the "Tab" key to move the cursor to
column sixteen and entering "C001".

Enter the damage category identification "COMERCL" by pressing the "Tab" key to move the
cursor to column 24 and entering "COMERCL".

Enter the structure’s damage potential function identification code "CM1" by pressing the
"Tab" key to move the cursor to column 27 and entering "CM1".

Enter the total value ($60,000) of the structure in thousands of dollars by pressing the "Tab"
key to move the cursor to column 32 and entering "60".

Enter the contents damage potential function identification code "CM2" by pressing the "Tab"
key to move the cursor to column 35 and entering "CM2".

Enter the total value ($250,000) of the contents within the structure in thousands of dollars
by pressing the "Tab" key to move the cursor to column 40 and entering "250".
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. 5. Save the changes that you have made and exit to DOS by doing one of the
following:

a. Either enter "FILE" in the line edit mode by:
e Enter the line-edit mode by pressing the F10 function key.

e Save your changes and exiting to DOS by typing "FILE" and then pressing the "Enter"
key.

e Look at the screen and notice that COED responds by indicating that your file
"EXAMPLEI" has been edited which means your changes have been made to the file.

b. Or save your changes from the full-screen mode by:

o Pressing "Alt-F10" (pressing and holding the "Alt" key and then pressing the "F10"
function key).

e Verify that the changes will be saved in the file "EXAMPLE" by pressing the "Enter”
key.

e Look at the screen and notice that COED responds by indicating that your file
"EXAMPLE" has been edited which means your changes have been made to the file.

. 6. Continue to enter and edit data until you fell fairly proficient at it. Use the
COED help function key "F1" or the COED User’s Manual to obtain help and
information.

7. List of files before and after editing.

The file EXAMPLE.I is shown below. The first example shows the file as it appears after
being extracted from the diskette. The second example shows the file after you have finished
editing it.

The file EXAMPLEL as extracted from the diskette contains two records:

SL RCH 1 ROO1 3464.8 3463.8
SD RCH 1 ROO1 RESDNTLRS1 130RS2 -50

The file EXAMPLE. after you have modified it should contain four records:

SL RCH 1 ROO1 3463.75 3463.8
SD RCH 1 ROO1 RESDNTLRS1 130RS2 -50
3465.9 3462.4

SL RCH 1 c001
. SD RCH 1 COO1COMMERCLCM1 ~ 60CM2 250
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COED Commands

Command

Purpose

Examples

COED

DE

CL

Gz

Begin edit session

Go into Full Screen mode

Go to Top of file
(line zero)

Go to Bottom of file

Print line(s)

Go to Next line

Go Up

Locate a string
Change a string
Insert a line

Input mode

Replace a line
Delete a line
Show column banner

Update file and exit

COED MYFILE
COED OUTFILE S=132

FS

T

B

P (print 1)

P3 (print 3)

P A (print all)

P * (print to bottom)

(next line)
3 (go down 3 lines)

=z 2z

U 2 (go up 2)
L /ABC/

C /ABG/XYZ/

I THIS IS A LINE
I

LINE ONE OF TWO
LINE TWO OF TWO

$89

R NEW INFORMATION
DE
CL

FILE NEWFILE

QU Quit edit session QU
(nothing saved)
Note: A blank line (just a carriage return) causes the previous
command to be repeated.
11
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' Full Screen Commands
To enter full screen mode type "FS"

To return to line edit mode press the "COMMAND-LOCK" key (S8).

Key

Description

— PAGE UP
— PAGE DOWN

—HOME
-=END

INSERT
CHARACTER

DELETE
CHARACTER

f

AL
"\‘;
Y\é“’a /ﬂ DELETE LINE

3
k Y,& INSERT LINE

\W

n

|0

)ﬂo
(o
‘«\/
o

Goes up approximately 18 lines.
Goes down approximately 18 lines.

Pressed once, goes to the top left corner of the
screen. Pressed again, goes to the first line in

the file.

Pressed once, goes to the bottom left corner of the
screen. Pressed again, goes to the last line in
the file.

Toggles you into or out of insert character mode.
In insert character mode, whenever characters are
pressed, they are inserted to the left of the
cursor. New lines are not created by insert
character.

Deletes characters on the current line. Delete

character may be used in two ways:

a. Delete highlighted area: Press delete character
key, move cursor to highlight string to be
deleted, press delete character key again to
delete. A string may be highlighted by pressing
the return key, End of line key, Beginning of
line key, or a regular character (whereby the
cursor will index right to that character.

b. Delete single characters: Single characters are
deleted when the delete key is pressed a second
or subsequent time.

Deletes the line the cursor is at.

Toggles into and out of insert line mode. Pressing
the insert line key will provide you with a new
line. Additional lines are generated by a carriage
return, until insert line mode is turned off. If
you are at the bottom of the file, a carriage
return alone creates a new line (it will not put
you into insert line mode, however.)
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Key Description
BEGINNING Moves the cursor to the left edge of the screen.
OF LINE

END OF LINE

SCROLL UP
SCROLL DOWN

RESTORE

COMMAND

COMMAND-LOCK

- TAB
BACKSPACE

CARRIAGE
RETURN

Moves the cursor to the position following the last
character on the line.

Causes the screen to scroll up.
Causes the screen to scroll down.

Restores the line you are on, if the previous
command was in error: If the last key pressed was
'Delete line', that line will be resorted. If you
inadvertently miss-typed characters on the line,
are in the process of deleting character (or have
deleted characters), restore will return the line
to what it was before you positioned the cursor on
it. Once you have moved off of the line, it cannot

be restored.

Provides an E> to execute one command, then returns
to full screen mode. This is useful for doing
locates, etc. It will be expanded in a later

release.

Returns the program to the regular line-edit mode.
To return to full screen mode, enter 'FS' again.

Tabs to the settings used in line-edit mode.
Move back one position and blanks that space.
Puts the cursor on the next line at the left

margin. A new line will be generated if either in
insert line mode, or if at the bottom of the file.

g*

/%/
W/*

(<)(

/)ﬂ
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. Workshop Problem

COMPUTATION OF EXPECTED ANNUAL DAMAGE
(Hand Computation)

PROBLEM DESCRIPTION

The 10.7 sq mi Cooper Creek catchment in Denton, TX has a history of damaging
floods due to intense thunderstorms falling on a heavily-urbanized area with
soils of low permeability. Major damaging floods occurred in 1957, 1962, and
1974. With increasing urbanization, the risk of damage increases each year.

Cooper Creek and its tributaries are unimproved channels with mild slopes and
small capacities relative to the impervious drainage areas. The main channel,
which is overgrown with vegetation, is approximately 6 ft deep and 50 ft wide,
with a slope of 25 ft/mi. The creek is crossed by a number of small capacity
bridges which may constrain discharge and cause backwater.

A channel improvement project has been proposed for reach 11 of Cooper Creek.
This project provides for clearing the channel and widening the bottom to 40
ft. The economic efficiency of the alternative is to be evaluated by
computing the expected annual damage (EAD) with the improvement and comparing
this with the existing-condition EAD to determine inundation-reduction

benefit.

. TASKS

1. List the functions required to computed the EAD for each alternative.

2. Which of the functions will be modified by the proposed channel
improvement?

NS
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3. Complete the table below to determine the damage due to the 1% chance
event with existing conditions. Use the existing-condition rating function of
Table 1, the existing-condition elevation-damage function of Table 2, and the
existing-condition discharge-frequency function of Table 3.

5428 cfs

1%-chance discharge, in cfs

Elevation corresponding to /e
1%-chance discharge, in feet QY .72

Damage corresponding to é%;;jg é;i?

elevation, in $1,000

4. Develop a damage-frequency function for existing conditions by completing
the Table 4.

5. Use the values in columns 1 and 4 of Table 4 to estimate the EAD. You may
do this by plotting the damage-frequency function and counting squares on the
graph paper, or you may use principles of geometry.

6. The EAD with channel improvement (in $1,000), is 7.34. What is the
inundation-reduction benefit of this alternative?
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‘ TABLE 1 - Existing-condition Rating Function
Cooper Creek, Reach 11

Elevation Discharge
in feet in cfs
(1) (2)
617.25 303
620.88 1,304
621.44 1,543
622 .06 1,817
622 .44 21551
622.95 25995
623.21 2,896
623.52 3,289
623.73 3,603
623.92 3,892 2927
624.18 4,338
624 .38 A 4,698 —
6241 %635 06— —r s 2 %8
625.34 6,858
625.42 7,503

TABLE 2 - Existing-condition Elevation-Damage Function
Cooper Creek, Reach 11

Elevation Damage
in feet in $1,000
(1) (2)
617.25 0.00
620.88 0.00
621 .44 2.21
622.06 13.31
622 .44 19.15
622.95 21,11
623.21 21.64
623.52 23.81
623.73 26.04
623.92 28.67
624.18 Z/ 37.86
624.38 7 43.86 e /)
60 625.04'(’94 63.29 1293 (53 ??
625.34 70.59
625.42 72.30
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. TABLE &4 - Existing-condition Damage-Frequency Function
Cooper Creek, Reach 11
Frequency Discharge Elevation Damage ' AP
in percent ’A in'cifs in feet in $1,000 \ g -
1) /%0 (2) (3) (4)
’
99.0 \ 39 | 203 /225 o gZ/ s
60.0 g,to /30 le20: BY /@/ Y A
50.0 P /O /S Y3 b2/ 9Y 221 1276 R
40.0 [ L0 1817 622 .0( )32/ 423 /. 633 |
30.0 /./0 RIS/ DD . &S ) 9 rs” 0,12 o2, 013
20.0 / , 05 e d W (AR .95 2L |ar=8| /669
15.0 / 08 8 %¢ (23. 2/ 26X a3/’ 37
10.0 o2 3257 (8 532 235/ |o¢9d O, D48
7.0 .'n'L 26032 £23.73 R6.0% 27236|0. 547
5.0 | _p2 3592 2292 5867 |3700.665
‘ 3, o/ 4335 LA )8 37 .86 |yasel 0.409
2.0 | .0/ Y695 63928 43, 56 \s557| 0 . ¥ 88
i / Lp05” sY28 b Y72 $32. 87|88l 0. 253 |
el e saso¥ 5339 \uyl 0. 200
\ L 00 2 IR 1 b2 2¥ 20,59 \nt 0. 715
\ ‘ 75p 3 L2 Y2 >2.3 SR
| |
f 2 /07 25
ol Ly
O/
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TABLE 3 - Existing-condition Discharge-Frequency Function
Cooper Creek, Reach 11

Frequency Discharge
in percent in cfs
1) (2)
99.0 303
60.0 1,304
50.0 1,543
40.0 1,817
30.0 2551
20.0 2,595
15580 2,896
10.0 3,289
7.0 3,603
580 3,892
3510 4,338
210 4,698
1.0 —~5,428
055 631125
Or2 6,858
()5 7,503
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‘ Workshop Problem
COMPUTATION OF EXPECTED ANNUAL DAMAGE
(Computation with EAD Program)

PROBLEM DESCRIPTION

The Expected Annual Flood Damage computer program is to be used
to evaluate economic efficiency of proposed channel improvements
for Cooper Creek, Denton, TX. Hydrologic, hydraulic, and
economic data have been furnished in a previous workshop problem.

TASKS

1. Show in col. 2 of the table below the input records of the
EAD program that accomplish the tasks shown TN COI T

Task Input record
(1) (2)
Specify titles 77
Define damage categories 0M5P0f64ﬁ?”77 N
Identify alternatives (plans)mJePe’f““ Fr
. h
. Identify damage reach owe per 7€ EN =
Ne(dﬁh¢ Specify frequency values f:ﬁz‘
0
ﬁLf' Specify discharge values for .- CQ =
: discharge-frequency function )
S .
g // so2cify elevation for elevag} HE R CQ
othd”I ?-S harge function HEC-T e ~Trig C
@

e E s KRS ~

7 Specify discharge for elevation-
discharge function

Specify elevation for elevation- j; Z>
Oﬂf wyﬁ? damage function s -
4
Y‘g/ Specify damage for elevation-

damage function

EP

Identify the end of data for a plan

Identify the end of data for a job A?V:

2. Prepare input to compute EAD for reach 11 of Cooper Creek.

Use the existing-condition discharge-frequency, elevation-

discharge, and elevation-damage functions provided previously.
' Describe two plans: (1) existing condition, and (2) the channel
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modification alternative. Assume that the discharge-frequency
and elevation-damage functions are the same with both plans. Use
the following elevation-discharge function for the channel

modification: zQ oS
Elevation Discharge
(1) (2)
T 616.02 190
Yo' 619.58 1000
)/// 621.58 1800
4 622.57 2650
623.02 3250
623.56 4100
623.89 4700
624 .24 5400
624.90 6900
624.98 7100
3. Execute the program. While you are awaiting the output,
answer the questions that follow.
a. If predicted future-condition discharge-frequency

functions are available, which records should be added to
permit computation of the equivalent annual damage for a 50-

\ yr project life? B N
‘ ‘ Rocond L5
b. What is the purpose of the RV record? How could this

record be used to estimate the damage reduction due to
raising by 2 ft all structures in reach 117?

. ¢. How should the input be modified if damage is specified
&”/as a function of discharge rather than as a function of
elevation?

d. What is the purpose of the ZR record? y/s& «7/&% “;*5f/fh’(: =
2 CETR V& o # FiE by V2 OF fBC dalp s/forag Sz5%a (D55).
4., Peruse the program output and answer the guestions that
follow. P
/ ’

a. What is the computed EAD for existing conditions? If
this does match the value you computed by hand, explain why.

b. What is the elevation corresponding to the 1%-chance
discharge after channel modification? What is the damage?

3L
c. What is the computed EAD with the channel modification?
What is the expected annual inundation-reduction benefit?
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Workshop Problem Solution

COMPUTATION OF EXPECTED ANNUAL DAMAGE
(Hand Computation) , agesD KoBI I

1. Hydrologic, hydraulic, and economic functions are required to
compute expected annual damage (EAD) .

The hydrologic data necessary for computation of expected annual
damage must define the probability of flooding. An elevation-
frequency function or a discharge-frequency function typically
provide this information, although in the case of reservoir
flooding, a storage-frequency function may be appropriate. If
the frequency function is expected to change with time or with
the construction of management measures, the modified frequency
function must be defined also.

The economic data define the relationship of water-surface
elevation to damage. The damage may be categorized if necessary.
The required data may be supplied in alternative forms. For
example, the elevation-damage data may be in the form of a
generalized elevation vs. percent damage function, which is
combined with specific information on each structure or group of
structures.

Hydraulic functions are required to link the hydrologic-frequency
and economic-damage data. If the probability of flooding is
defined with a discharge-frequency function, a rating curve is
required to convert discharge to water-surface elevation in the
channel. Further, the relationship of water-surface elevation in
the channel to water-surface elevation at the damageable property
must be defined. If the damage-reduction measures modify the
hydraulic relationship, the modified relationship must be
defined.

2. The proposed channel improvement will modify the rating
function (elevation-discharge).

3. The completed table shows the discharge, elevation, and
damage for existing conditions. The 1%-chance discharge is found
in Table 3. The corresponding elevation is not given explicitly
in Table 1, so linear interpolation is used. The elevation is
624.38 ft for 4698 cfs and 625.04 for 6125 cfs, so the estimated
elevation is 624.72 ft for 5428 cfs. Likewise, the damage
corresponding to the interpolated elevation of 624.72 ft is not
given directly in Table 2, so linear interpolation again is used.
The damage, in $1000, is 43.86 for 624.38 ft and 63.29 for 625.04
ft, so the interpolated value for 624.72 ft is 53.80.




1%-chance discharge, in cfs 5428

Elevation corresponding
to 1%-chance discharge, in ft 624.72

Damage corresponding to
elevation, in $1000 53.80

4. The completed existing-condition damage-frequency function is
given in Table 4. The discharge values in col. 2 are found by
referring to the discharge-frequency function. After the values
in col. 2 are established, the values in col. 3 are determined
from the rating curve, interpolating as necessary. The values in
col. 4 are determined from the elevation-damage function.

5. The EAD is estimated by integrating numerically the function
defined by cols. 4 and 1. (The frequency values must be divided
by 100 to obtain probability values prior to integration.) The
resulting EAD estimate, in $1000, 1 10N2 25

6. If the EAD, in $1000, with channel improvement is  7.34, the
inundation-reduction benefit, in $1000, is 10.22-7.34 = 2.88.



TABLE 4. - Existing-condition Damage-frequency Function
Cooper Creek, Reach 11

Frequency, Discharge, Elevation, Damage,
in percent in cfs in ft in $1000

(1) (2) (3) (4)
99.00 303 G 1FEN25 0.00
60.00 1304 620.88 0.00
50.00 1543 621.44 221
40.00 1817 622.06 13534
30.00 2151 622.44 15955
20.00 2595 622.95 200
15.00 2896 623.21 21.64
10.00 3289 623.52 23.81
7.00 3603 628113 26.04
5.00 3892 623.92 2.816¢/
3.00 4338 624.18 386
2.00 4698 624.38 43.86
1.00 5428 624.72 53.80
0.50 6125 625.04 63.29
0.20 6858 625.34 70.59
0.10 7503 625.42 72030




PS-392/DTF/87

e/

Workshop Problem Solution

COMPUTATION OF EXPECTED ANNUAL DAMAGE
(Computation with EAD Program)

1. The completed table below shows the input records of the
EAD program that accomplish the tasks indicated in col. 1.

Task Input record

(1) (2)
Specify titles T
Define damage categories CN
Identify alternatives (plans) PN
Identify damage reach RN
Specify frequency values FR
Specify discharge values for QF

discharge—frequency function

Specify elevation for elevation- SQ
discharge function

Specify discharge for elevation- Qs
discharge function

Specify elevation for elevation- SD
damage function

Specify damage for elevation- DG

damage function

Identify the end of data for a plan EP

Identify the end of data for a job EJ

2. Input for the computer program is included as Fig. 1. One
damage category is defined with the CN record (record 2), and two
plans are identified with the PN records (records 3 and 4). The

RN record, record 5, identifies the reach.

The FR-QF records (records 6-9) define the discharge-
frequency function with 16 values. The discharge values on the
QF records correspond to the frequency values on the FR records.
The frequency values are exceedance values in percent. The values
included range from non-damaging discharge to rare-event
discharge values, thus defining well the frequency function for
subsequent integration. IPLNN in field 2 of the FR record is




RECORD
ORDER 1 2 3 4 5 6 1 8
NUMBER 12345678901234567890123456789012345678901234567890123456789012345678901234567830

1 TT EAD COMPUTATION FOR COOPER CREEK
2 CN 1 TOTAL
3 PN 1EXISTING CONDITION
4 PN 2CHANNEL MODIFICATION
RN DAMAGE REACH 11

6 FRRCH 11 1 99 60 50 40 30 20 15 10
T FR 1 b 3 2 1 5 o L
| 8 QFRCH 11 303 1304 el o Bl et 2595 2896 = 3289
L)Q QF 3603 3892 4338 4698 5428 6125 6858 7503

[ 70 SQRCH 11 15 617.25 620.88 621.44 622.06 622.44 622.95 623.21 623.52
i 11 .50623.73 623.92 624.18 624.38 625.04 625.3¢ 625.42

. ’ 12-QSREHT R (T 308 1306 (B4 T AT o481 (2595 i2B96" - 8288
L.13 Q5 3603 3892 4338 4698 6125 6858 7503
J74 SORCH 11 (15)617.25 620.88 621.44 622.06 622.44 622.95 623.21 623.52
| 15 50623.73 623.92 624.18 624.38 625.04 625.34 625.42

| 16 DGRCH 11 0 (O Or o 1o SR 0J T R 04 G B0 08
P TSDER2 6% 0AMINR0 S NG TISE3 10 ORAC R DR 6RE2 QT 05 9 e 2708 0
18 EP 1
19 SQRCH 11 10) 616.02 619.58 621.58 622.57 623.02 623.56 623.89 624.24
20 SQ624.90 624.98
21 QSRCH 11 2 190 1000 18000 2650 « 3250 ~ 41100% - 4700 5400
22 Q56900 7100 e
kit "IN R el ER et BN
\\—», {(1oF . / '
B 4 BV
d
READIN -- 23 RECORDS WRITTEN TO LOGICAL FILE 8
FIG. 1. - EAD Program Input




blank, indicating that the same discharge-frequency function

' applies for all plans.
the existing condition, is

The rating curve for plan 1,
described with 15 values on the SQ-QS records (records 10-13).
The discharge values on the QS records correspond to the
elevation values on the SQ records. The plan number is specified
in field 2 of the' QS record.

The elevation-damage function is described with the SD-DG
records, records 14-17. Field 2 of the DG record is blank, so
the program uses the same elevation-damage function for all
plans.

Record 18, the EP record, indicates the end of the
description of plan 1.

Plan 2 is described with records 19-22. These SQ and QS
records define the modified-condition rating function. The
discharge-frequency and elevation-damage functions are not re-
defined, as these are the same for both plans. The EJ record
(record 23) signals the end of the description of plan 2 and the

end of job.

£l a. If predicted future-condition discharge-frequency

functions are available, additional QF records may be added.
In each case, the data year is specified in field 2. To

' compute equivalent annual damage, the length of the period
of analysis, the study year, base year, and dollar year must
be specified with the J1 record. The discount rate must be
specified with the J2 record. Pages 8 and 9 of the February
1984 version of the users manual for the Expected Annual
Flood Damage Computation program explains how the changes
are included in EAD calculations in the program. The EAD is
computed for each year, using the specified frequency curve,
and EAD is interpolated for intermediate decade years. A
discounting formula is used to compute the equivalent annual
flood damage.

b. The RV record simplifies modification of data to
represent the impacts of damage-reduction alternatives. For
example, to estimate the damage reduction due to

raising by 2 ft all structures in reach 11, the RV record is
included with ICRD = SD, IFUNC = 1, and CONST = 2.0. This
will case the values on the SD record (elevation for the
elevation-damage function) to be modified; 2.0 will be added
to all values.

c. If damage is specified as a function of discharge rather
than as a function of elevation, the SD records will be
replaced with QD records.

d. The ZR record permits retrieval of discharge, elevation,
. or damage data from the Hydrologic Engineering Center's data
storage system, HEC-DSS.




‘ 4. In the program output, the input records are printed. Then
the frequency-flow-stage-damage function is shown for each plan,
and the computed EAD is shown for each category and for the
total, as shown below.

++DAMAGE DATA FOR PLAN 1 -- EXISTING CONDITION

FREQ FLOW STAGE TOTAL ~ TOTAL  ACC EAD

1 99.00 303,  617.25 .00 00 10.16
2 60.00  1304.  620.88 .00 .00 10.16

3 50.00 1583,  621.44 2.21 a1~ 1065

T T R T T SEE e R 9.29

5 30,00 7 LamIsT, p2 e - 1915 18:18 7.68

6 20.001 2595, 62295 2011 2011 5.67-

7', 15,00 2896, 623,21 21687 2168 460

30,00 SeEaZ80 - HB20L50 " 2.8 3.8 3.47

0 7000 G003 Bcaly o oe.04 2804 2.12

10 500 B80T 0300 0861 2860 2.18

11 453400 agse. ! Fieas.18 . 37,86 37,86 1.52

12 2.00  4698.  626.38  43.85  43.86 1.12
127540005 " H5E28, TRz 12 53800 53,80 .63 o
TR e R e R ! b

15 00 UERER " ©eB08 38 . 70458 7058 14 o
R T DRk TR .07 X

‘ EXP ANNUAL DAMAGE 10.16 10.16

++DAMAGE DATA FOR PLAN 2 -- CHANNEL MODIFICATION

FREQ FLOW STAGE TOTAL  TOTAL  ACC EAD

1 99.00 303. 616.52 .00 .00 1.34
2 60.00 1304. 620.34 .00 .00 7.34
3 50.00 1543. 620.94 20 -3 7.34
4 40.00 1817. 621.60 5.07 5.07 1.15
5 30.00 2151, 621.99 12.04 12.04 6.31
6 20.00 2585, §22.51 19.40 19.40 4.72
7E a0 2896. 622.75 20.36 20.36 3L
8 10.00 3289. 623.04 21.30 21.30 2.68
U0 3603. 623.24 21.88 21.88 2.04
10 5.00 3892. 623.43 23.16 23.16 1.5
a0 0 4338. 623.69 25.63 25.63 1.10
12 2.00 4698. 623.89 28.24 28.24 .83
3RS0 0 5428. 624.25 40.03 40.03 .50
14 .50 6125. 624.56 49.13 49.13 .28
15 .20 6858. 624.88 58.63 58.63 1l
16 .10 1 624.98 §1.52 61.52 .06

. EXP ANNUAL DAMAGE 7.34 7.34




The grand summary for all plans for all damage categories |
‘ is included. |
\

EAD COMPUTATION FOR COOPER CREEK

*% GRAND SUMMARY BY CATEGORY **

¥X FLOOD PLAIN MANAGEMENT PLANS
1 - EXISTING CONDITION
2 - CHANNEL MODIFICATION

GRAND SUMMARY - ALL DAMAGE CATEGORIES
. EXPECTED ANNUAL DAMAGE

DAMAGE BASE eI ANEE D

CATEGORY ~ CONDITION DAMAGE  DAMAGE

(PLAN 1) W/PLAN REDUCED

TOTAL 10.16 7.34 2.82

a. The program-computed EAD for existing conditions, in
$1000, is 10.16. This does not match exactly the value
computed by hand in the previous workshop due to to
differences in interpolation and integration techniques.
The program interpolates to insert additional points in the
damage-frequency function prior to integration; no such
interpolation was done in the previous exercise. The
program uses cubic-spline interpolation, but linear
interpolation was used for the solution in the previous
workshop.

b. The elevation corresponding to the 1%-chance
discharge after channel modification is 624.25 ft, and the
corresponding damage, in $1000, is 40.03.

c. The program-computed EAD with the channel modification
is 7.34, and the expected annual inundation-reduction
benefit is 2.84.
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INTRODUCTION TO THE DATA STORAGE SYSTEM (DSS)
LT pHM SPEIERS™

1. Introduction

Studies associated with water resource planning and flood plain management
tend to be data-intensive. One reason is that the physical systems with which
we work are often large and complex (e.g., watersheds, precipitation fields,
river-reservoir systems), and substantial quantities of data are required for
their representation. Another reason is that the investigations themselves
are complex, with a variety of interdependent computational elements (e.g.,
precipitation-runoff simulation, statistical analyses, systems analysis,
economic analysis, etc.). The transfer of data generated with one element to
another is a significant requirement in such investigations.

Another "water resource" area for which data management is important is
real-time water control. Large quantities of hydrometeorological data are
received on a continuing basis. Efficient processing and management of this
data, and also of data resulting from forecasting and other types of analysis,
are critical elements of any system that is devised to support water control
activities.

The data management system to be described in this lecture is the HEC Data
Storage System (DSS), which has been under development since 1979. It is a
system that can be used to store and manage data for water resource plan-
ning/management studies as well as real-time applications. Although water
resource applications will be used for purposes of illustrating use of DSS,
applications for other purposes would be equally valid. This lecture will
provide an overview of DSS and an illustration of how it may be used.

2. Function of the Data Storage System

Table 1 provides a list of data types commonly used in water resource
investigations. Many of the data items can be classified as either time
series data (e.g., discharge or stage hydrographs, precipitation mass curves,
etc.); or as paired function data, in which one variable is paired with
another (e.g., stage-discharge, discharge-exceedance frequency, etc.). The
Data Storage System is well-suited for applications in water resources studies
where it is necessary to manage time series, paired-function and other data
for which it is generally desirable to deal with blocks of contiguous data.

Methods for transferring data and information to and among computer
programs have progressed somewhat as follows: Initially, data was prepared
manually, and the transfer of data generated by one program to another was
also performed manually, as illustrated in part {(a) of Fig. 1. ‘En part (b) of
Fig. 1, a utility program automatically generates data in the format required
for a second program, thus facilitating the process of data transferral. 1In
part (c) of Fig. 1, data resides in a central repository (data base) for
access by any number of applications programs, as well as utility programs
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(e.g. for data entry or plotting). The latter framework is the basis for the
Data Storage System.

There are many proprietary database management systems. The majority of
these are intended for business applications and are typically designed for
use with items such as personnel records, mailing lists, manufacturing
inventories, finance and accounting records, etc.. Although general purpose
data bases may be used for storing hydrologic information, in most cases they
are inefficient for storing and retrieving time series and other data for
which it is normally desired to deal with blocks of data.

3. Components of the Data Storage System

The Data Storage System (DSS) consists of a Fortran library of subroutines
that enable transfer of data to and from a data base file; a DSS file to
contain the data; and a set of utility programs that facilitate data entry,
display, etc.. Subroutines from the library are used in 'applications’
programs to retrieve information from, and write information to, the DSS file.
SeePig. 2.

The following are some of the applications programs that presently are
able to communicate with a DSS file:

AGDAM HEC-2
CONVRT HEC-5
DAMCAL HEC-5Q
DATAST HMR52
EAD HYDPAR
EXTRCT PRECIP
FDA2PO SID
HEG-1 STATS
HEC1F

A list of utility programs is provided in Table 2.

4. The DSS File

The DSS file is a "direct access" file. This type of file allows access
to any specific section of the file without reading sequentially through the
intervening information. Because the file is a binary file, it cannot be
viewed with a simple Harris LIST or DISPLAY command. To 'look into’ a DSS
file it is necessary to use a utility program such as DSSUTL. The DSS file is
set up for multiple-user access to enable several users to have concurrent
access to the data base.

Data is stored in a DSS file in blocks to enable efficiencies in data
storage and retrieval. For example, each block of data for a typical time-
series application consists of a record of a time-dependent variable for a day

2



or month or year. By storing data in this manner, an entire year of daily
flows (one block of data) can be handled as a single record and accessed by
one "read" from the data base.

The DSS is capable of storing any information provided by the user. The
data stored is given a name to facilitate its identification and later
reference. This name is called the pathname. Standard naming conventions
have been developed for regular-interval time series, irregular-interval time
series and paired X-Y data. Such conventions automatically control the size
of data blocks in a manner transparent to the user. Block-size conventions
for regular-interval data are as follows:

Data Interval* Block Length
SMIN, 10MIN, 15MIN, One day.
30MIN

1HOUR, 2HOUR, 3HOUR, One month.

4LHOUR, 6HOUR, 12HOUR

1DAY One year.
1WEEK, 1MON One decade.
1YEAR One century.

* The interval as specified in the fifth position (or "E" part) of a
pathname.

psserz = DSAV
DSS utility programs have been designed to recognize the standard records
(i.e., records that are created and labeled with the standard conventions)
which enables efficient processing of the data and facilitates, for example,
the automatic generation of labels on graphs.

The data in a DSS file is self-documented. That is, there is information
stored with the data that describe its type, units, number of data values,
time characteristics, etc., so that no additional information outside the data
system is required to identify or interpret it. This documentation is stored
in a 'header’ at the beginning of the data. Fig. 3 illustrates the header
information and subsequent data. A missing data element is defined as -901.




5. Accessing DSS Records ik
i X NIBUVE
PR e TN LS ANIST B& UMY

The "keys" to DSS records (i.e., blocks of data) are pathnames. That is,
each block of data is referenced by a pathname, and it is necessary to specify
that pathname to enable retrieval of the data. The standard convention for
regular-interval time series data specifies that the pathname consist of up to
80 characters and be separated into six parts. For discussion, the parts are
referenced by the characters A, B, C, D, E and F, and are delimited by a slash
"/", so that a pathname would look as follows:

/A/B/C/D/E/F/

For example, a brief description of the pathname parts for regular-interval
time-series data is as follows:

Pathname Part Description
A River basin or project name.
B Location, or gage identifier.
C Data variable, e.g., FLOW, PRECIP, etc..
L2 7/ 2e RV P1CEATION O = }P\‘ATA
D ~77proa. Starting date for block of data, such as

01JAN1980 for daily data in 1980.

E Time interval, e.g., 1DAY, 3HOUR, 1MON,
giee’., .
F Additional user-defined description to

further the data, e.g., PLAN A.

A typical pathname would be:

/RED RIVER/BEND MARINA/FLOW/01JAN1975/1DAY/OBS/

Detailed information on pathname conventions may be found in Appendix C to
the Overview and Users Guide, DSS Users Manual.

b. Catalogs

In order to find out what records a DSS file contains, a catalog file can
be generated. A catalog file is simply a listing of pathnames for the records
in the file (see Fig. 4). The utility programs DSSUTL and DSPLAY both have
the capability to generate catalogs.



c. Behind the scenes

The DSS uses a hierarchical or tree-like structure (based upon the data's
unique pathname) to store and retrieve data. The DSS software does not sequen-
tially search for data, but uses its pathname to index its position within the

file. This technique allows the rapid storage and retrieval of data from the
file, regardless of its size.

6. Utility Programs
A number of utility programs will be described and used in this course.
Some of the programs are for entering data; others are for editing data,
preparing graphical displays, or reports. Two of the most widely used utility
programs are DSSUTL and DSPLAY. Capabilities of DSSUTL are as follows:
a. Catalog a DSS file.

b. Write out data from a DSS file in a formatted
form.

c. Read in formatted data.

d. Edit data.

e. Tabulate data.

f. Copy data from one DSS file to another.
g. Delete data.

h. Rename data.

i. "Squeeze" dead space from a DSS file.
Some capabilities of the DSPLAY program are as follows:

a. Develop plots of data from standard data
records stored in a DSS file.

b. Tabulate data from standard data records
stored in a DSS file.

c. Linear, logarithmic or probability scales may
be used for plotting. Multiple curves may be
plotted. Optional grids, shading and labelling
may be used.




d. Data can be edited graphically using either
cross-hairs on the display screen, or a digi-
tizer tablet, if available.
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J/ o METEOROLOGICAL DATA (precipitation, temperature, evaporation,
4ﬂﬁ;/£§ etc.)
7 1A
Z o HYDROGRAPHIC DATA (river stage and discharge, reservoir
elevation, etc.)
o PHYSICAL CHARACTERISTICS (drainage areas, soil type, land use,
river cross sections, reservoir area-
( elevation-capacity, structure
P\ (€ i i
ﬁflfxg. dimensions, etc.)
> 7 L
VAo
S e 'A
N’/ Ifjj o ECONOMIC DATA (damage-stage, cost, etc.)
V 16
/o¢ Wz,
/5' o STATISTICAL DATA (depth-area-duration, exceedance frequency,
M o etc.)
. o MODEL PARAMETERS (runoff, reservoir system operation, economic

evaluations, etc.)

Table 1. Types of Data Used for Water Resource Studies
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Data Entry Programs

GOESLD

DSSIN

DSSITS

DSSPD

DSSTS

DWINDO

NWSDSS

PARE:

SHFDSS

WATDSS

Load data from GOES Data Collection Platforms.
Enter bulk quantities of time series data.
Enter irregular-interval time series data.
Enter paired-function data.

Enter regular-interval time series data.
Full-screen data entry and editing.

Load daily and hourly climatological (e.g., precipitation)
data from NWS tapes.

Enter flood damage paired-function data.

Load data that is in the Standard Hydrometeorological
Exchange Format (SHF). There is also a program DSSSHF
that encodes data from a DSS file into the SHF.

Load streamflow data that is in the WATSTORE format.

Programs for Editing, Displaying, etc.

DSPLAY

DSSUTL

REPGEN

MATHPK

WCCOMP

Graphical and tabular display of data from a DSS file.
General management and editing of data in a DSS file.
Create reports with data from a DSS or text file.

Perform mathematical transformations or statistical
calculations on data stored in a DSS file.

Provides specialized functional capabilities for process-
ing real-time operational hydrological data.

Table 2. List of DSS Utility Programs
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/KANAWHA /ALIR7/FLOW/01APR1977/3HOUR /M24AFB/

START = 01APR1977, 0300 HRS;
TYPE =
5237
3968.
4441 .
3818.
4868 .
18134.
42541 .
26658.
13298.
7737 .
4957.
3686.
-901.
-901.
-901.
-901.
-901.
-901.
-901.
-901.
-901.
-901.
-901.
-901.
-901.
-901.
-901.
-901.
-901.
-901.
-901.
-901.
-901.
-901.
-901.
-901.
-901.
-901.
-901.
-901.

UNITS = CFS
01APR77, 0300;
01APR77, 2100;
02APR77, 1500;
03APR77, 0900;
04APR77, 0300;
04APR77, 2100;
0SAPR77, 1500;
06APR77, 0900;
07APR77, 0300;
07APR77, 2100;
08APR77, 1500;
09APR77, 0900;
10APR77, 0300;
10APR77, 2100;
11APR77, 1500;
12APR77, 0900;
13APR77, 0300;
13APR77, 2100;
14APR77, 1500;
15APR77, 0900;
16APR77, 0300;
16APR77, 2100;
17APR77, 1500;
18APR77, 0900;
19APR77, 0300;
19APR77, 2100;
20APR77, 1500;
21APR77, 0900;
22APR77, 0300;
22APR77, 2100;
23APR77, 1500;
24APR77, 0900;
25APR77, 0300;
25APR77, 2100;
26APR77, 1500;
27APR77, 0900;
28APR77, 0300;
28APR77, 2100;
29APR77, 1500;
30APR77, 0900;

INST-VAL
S214 . 5214
4326. 4776.
4568. 4210.
3968. 4222.
5214 . 6298.

24033. 27602.
41542 . 40254,
23649. 21007.
11911. 10805.
7146 . 6611.
4682 . 4448 .
35250 3374,
-901. -901.
-901. -901.
-901. -901.
-901. -901.
-901. -901.
-901. -901.
-G601. -901.
-901. -901.
-901. -901.
-901. -901.
-901. -901.
-901. -901.
-901. -901.
-901. -901.
-901. -901.
-901. -901.
-901. -901.
-901. -901.
-901. -901.
-901. -901.
-901. -901.
-901. -901.
-901. -901.
-901. -901.
-901. -901.
-901. -901.
-901. -901.
-901. -901.
Figure 3.
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5237.
4233.
3696.
4314
10099.
33056.
37482.
18691.
9915/
6127.
4236.
3233.
-901.
-901.
-901.
-901.
-901.
-901.
-901.
-901.
-901.
-901.
-901.
-901.
-901.
-901.
-901.
-901.
-901.
-901.
-901.
-901.
-901.
-901.
-901.
-901.
-901.
-901.
-901.
-901.

A DSS Record

(END = 30APR1977, 2400 HRS,

5295
3898.
3565.
4383.
14368.
38599.
33785.
16658.
CH R
5690.
4040.
3100.
-901.
-901.
-901.
-901.
-901.
-901.
-901.
-901.
-901.
-901.
-901.
-901.
-901.
-901.
-901.
-901.
-901.
-901.
-901.
-901.
-901.
-901.
-901.
-901.
-901.
-901.
-901.
-901.

NO. DATA = 240)

5203.
4049.
3725.
4626.
16257.
41864 .
30058.
14871.
8391.
5296.
3857.
2975.
-901.
-901.
-901.
-901.
-901.
-901.
-901.
-901.
-901.
-901.
-901.
-901.
-901.
-901.
-901.
-901.
-901.
-901.
-901.
-901.
-901.
-901.
-901.
-901.
-901.
-901.
-901.
-901.



‘ HECDSS COMPLETE CATALOG OF RECORD PATHNAMES ON FILE 0000P57J DSSF86

SHORT FORM; CATALOG DATE = 05JAN87, TIME = 10:45:45
NUMBER OF RECORDS = 35

/CALAVERAS /BELLOC/FLOW/01FEB1986/1HOUR/FEB86E/
/CALAVERAS /BELOTA/FLOW/01FEB1986/1HOUR/FEB86E/
/CALAVERAS /BELOTA/FLOW/01JAN1986/1HOUR/OBS /
/CALAVERAS /BELOTA/FLOW/01FEB1986/1HOUR/OBS /
/CALAVERAS /BELOTA/FLOW/01MAR1986 /1HOUR/OBS/
/CALAVERAS /BELOTA/PRECIP-INC/01FEB1986/1HOUR/FEB86/
/CALAVERAS /FLM/PRECIP-INC/01JAN1986/1HOUR/OBS/
/CALAVERAS /FLM/PRECIP-INC/01FEB1986/1HOUR/OBS/
/CALAVERAS /FLM/PRECIP-INC/01MAR1986/1HOUR/OBS/

10 /CALAVERAS/NHD/PRECIP-INC/01JAN1986/1DAY/OBS/

11 /CALAVERAS/NHDOF/FLOW/01FEB1986/1HOUR/FEB86E/

12 /CALAVERAS/NHDOF/FLOW/01JAN1986/1HOUR/OBS/

13 /CALAVERAS/NHDOF/FLOW/01FEB1986/1HOUR/OBS/

14 /CALAVERAS/NHDOF/FLOW/0O1MAR1986/1HOUR/OBS/

15 /CALAVERAS/NHOGAN/ELEVATION/01JAN1986/1HOUR/OBS/

16 /CALAVERAS/NHOGAN/ELEVATION/O1FEB1986/1HOUR/OBS/

17 /CALAVERAS/NHOGAN/ELEVATION/0O1MAR1986/1HOUR/OBS/

18 /CALAVERAS/NHOGAN/FLOW/01FEB1986/1HOUR/FEB86E/

19 /CALAVERAS/NHOGAN/FLOW/01JAN1986/1HOUR/OBS/
' 20 /CALAVERAS/NHOGAN/FLOW/01FEB1986/1HOUR/OBS/

W oO~NOWL W

21 /CALAVERAS/NHOGAN/FLOW/01MAR1986/1HOUR/OBS/

22 /CALAVERAS/NHOGAN/PRECIP-INC/01FEB1986/1HOUR/FEB86/
23 /CALAVERAS/NHOGAN/STOR-ALLOW/01JAN1986/1DAY//
24 /CALAVERAS/NHOGAN/STORAGE/01JAN1986/1HOUR/OBS/
25 /CALAVERAS/NHOGAN/STORAGE/O1FEB1986/1HOUR/OBS/
26 /CALAVERAS/NHOGAN/STORAGE/01MAR1986/1HOUR/OBS/
27 /CALAVERAS/PER/PRECIP-INC/01JAN1986/1HOUR/OBS/
28 /CALAVERAS/PER/PRECIP-INC/01FEB1986/1HOUR/OBS/
29 /CALAVERAS/PER/PRECIP-INC/01MAR1986/1HOUR/OBS/
30 /CALAVERAS/RRF/PRECIP-INC/01JAN1986/1HOUR/OBS/
31 /CALAVERAS/RRF/PRECIP-INC/01FEB1986/1HOUR/OBS/
32 /CALAVERAS/RRF/PRECIP-INC/01MAR1986/1HOUR/OBS/
33 /CALAVERAS/SHR/PRECIP-INC/01JAN1986/1HOUR/OBS/
34 /CALAVERAS/SHR/PRECIP-INC/01FEB1986/1HOUR/OBS/
35 /CALAVERAS/SHR/PRECIP-INC/01MAR1986/1HOUR/OBS/

Figure 4. A DSS Catalog
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Paired Data and FDA Programs
/

. Paired Data and the HECDSS Data Storage System

The paired data convention is a set of rules for storing data in a DSS file. Any type of data
may be stored, even "time series" data. However, DSS utility programs recognize a separate time
series convention which allow them to store data more efficiently and display data in better formats.
The rules define the contents of the "header", the data, and the pathname for paired function data.

Paired function data may be conceptualized as a matrix of values. For example:

VECTORS

col, col, col, col, col,

row,
row,
row,
row,
rowW;
rowg
rOW;

row

When used in the DSS system, this matrix of data has certain conventions including the
following:

1

2

The rows of the matrix are called ordinates or values.

The columns of the matrix are called vectors --- two vectors form a curve.

Paired data convention consists of two variables: one "independent’ and one "dependent’.
There can be only one vector associated with the first variable.

DSS documentation sometimes references the data by "eurve" which identifies the vector of
the second variable (the first variable is always used as a component of the "curve").

Either the "dependent" or the "independent’ data may be stored first in the matrix (the first
variable). DSS documentation refers to the variables in two ways:

(1) The first variable and the second variable, where the first variable occupies the first
storage locations in the matrix and the second variable occupies space after the first
variable.

(2) The independent variable and the dependent variable, where the independent variable is
assumed to occupy the first storage locations in the matrix, and the dependent variable
the subsequent locations. This may contradict the physical meaning of the variables
(e.g. damage is a function of elevation rather than the reverse).

Part C of the pathname must contain both variable names separated by a hyphen "-', the
first (or independent) variable name entered first and the second (or dependent) variable
name entered second. Several of HEC’s programs automatically generate part C.

The first variable may be plotted on either the horizontal or vertical axis.

L-1204/RDC/90 1




9 The header portion of the DSS record contains information about the data including: units
(e.g. CFS for cubic-feet-per-second), and the data type or transformation (e.g. PROB for
probability).

10 If the data consists of more than one vector for the second variable, the user may define an
eight character label for each vector (or "curve").

By adopting a "convention", application programs may write and read to a data file and exchange
data in a coherent manner. Computations performed by one program may be used as input to
another program. The paired function convention is used extensively in the following areas:

1 The Flood Damage Analysis Package which includes the computer programs: HEC-1,
HEC-2, HEC-5, SID, DAMCAL, EAD, and FDA2PO.

2 The MATHPK computer program which performs storage routing (Modified Puls, Working
R&D) and table lookup (interpolation).
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. CONVENTIONS FOR PAIRED FUNCTION DATA

1. This material describes conventions applicable to standard paired function data stored in
HEC-DSS. Each single variable may be one of at least three possible types: untransformed,
logarithmic, or probabilistic. The first variable may have only one vector. The second variable must
| have at least one vector and may have more vectors. If the second variable has more than one
| vector, it is sometimes called a "repeating variable".

9. Each block of data is identified by a pathname consisting of 6 parts. Each part is defined by a
separator. The slash (/) character is the default separator. A sample pathname is:

/A/B/C/D/E/F/

3. Part A - Group

This part of the data pathname is for general grouping of data. It may be a study name,
watershed name, etc., that would cause all records associated in a certain way to sort together, be
copied together, deleted together, or otherwise recognized as a group.

4. Part B - Location
This pathanme part is the basic location identification of the paired function data. It may be a
control point, damage reach ID, station ID, or other such identifier.

5. Part C - Parameters
Because paired function data represents a relationship between 2 variables (or parameters), this
part should contain the two variable names separated by a hyphen (-). Examples of valid variables

are:

ELEVATION-DAMAGE, FREQ-FLOW, ELEV-FLOW, STATION-ELEVATION

In the above examples, ELEVATION, FREQ, ELEV and STATION are referred to as the first
(1st) variable, respectively; while DAMAGE, FLOW, FLOW, and ELEVATION are the second (2nd)

variable respectively.

6. Part D - OPTIONAL - uoT W) EIDID
This part of the pathname is used to provide any further qualifications of the data. It may
vary from application to application as appropriate.

7. Part E - Data Year by Qe - \F WE RoW amos” s ol¥ \ @A
This part of the pathname is used only if the paired function data is representative of a specific
point in time such as a forecast for the year 2010 condition.

8. Part F - Qualifier
This part of the pathname identifies the unique qualifier of the data such as the situation,
condition, or alternative plan name associated with the paired function data (for example, /GATED

RES-400,000AF/ .

9. For plotting purposes, Parts A, B, C, E & F are used for curve labeling. The header information
(see next page) will help define the data units, transformation, etc.
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HEADER INFORMATION FOR PAIRED FUNCTION DATA

Entry Type Length Word Use
(Chars.)

1 I - 1 Record type = 2

2 I - 2 Length of header in words.

3 I - 3 Number of coordinates (number of values in each vector).

4 I - 4 Number of times the first variable in parameter name
(Part C) repeats. Under the current releases of the
HECDSS, this must be set to "1" (one vector of
information).

5 I - 5 Number of times the second variable in parameter name
(Part C) repeats (or the number of vectors associated with
the second variable).

6 I - 6 Variable number to appear on the horizontal axis when
plotted; i.e. 1 or 2 for first or second variable.

7 C 8 7-10  First variable units of data (CFS, FEET, PERCENT, etc.).

8 C 8 11-14  Second variable units of data ($1000, CFS, etc.).

9 C 4 15-16  First variable data transformation (UNT, LOG, PROB).

10 (€ 4 17-18 Second variable data transformation (UNT, LOG, PROB).
11-22 C 19-30  Reserved

23 8 31-34  Label for first occurence of the repeating variable.

24 C 8 35-38  Label for second occurence of the repeating variable, if

L-1204/RDC/90
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Label for nth occurence of the repeating variable, if
present.



. Example: ELEVATION-DAMAGE FUNCTION
DAMAGE IN $1000

ELEVATION S.F. RES COMMERCIAL
500.0 0.0 0.0
501.0 0.0 0.0
502.0 25.8 0.0
503.0 33.4 125.6
504.0 51.2 323.4
505.0 71.8 525.5
506.0 93.8 655.7
507.0 111.9 753.3
508.0 137.9 809.1
509.0 154.5 846.3
510.0 166.2 869.6
511.0 177.6 878.8
512.0 188.7 883.5
513.0 194.8 883.5
514.0 201.6 883.5
515.0 209.3 883.5
516.0 216.0 883.5
517.0 223.8 883.5

\V

PATHNAME (/A/B/C/D/E/F/): /
/JAMES RIVER/DR1/ELEVATION-DAMAGE//1980/FLOOD PROOF PLAN B/

HEADER INFORMATION:

‘ ENTRY WORD VALUE

1 1 2
2 2 38
3 3 18
4 4 1]
5 5 2
6 6 2  (damage on horizontal axis)
7 7-10 FEET
8 11-14 $1000
9 15-16 UNT
10 17-18 UNT
11-22 19-30 Blank --- unused
23 31-34 S.F. RES
24 35-38 COMMERCL

DATA STORAGE
The actual paired function data is stored in computer memory with the first variable

(ELEVATION in this case) occupying the first IHEAD(3) words of memory (in this case, 18), and
the second variable (DAMAGE in this case) in the next IHEAD(8) memory words, repeatedly.
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II. Conventions and Limitations In Using DSS With the FDA Package

While the user may define the pathname parts in any manner, the following nameing
conventions are used in conjunction with the FDA package:

Pathname
Part Description
A River basin or project identifier.
B Location, reach, or gage identifier.
C Data variables.
D Not used.
E Year corresponding to data.
F Alternative name or data variable qualifier.

Example pathnames for frequency curves determined using HEC-1 are
shown below:

/SILVER CREEK/RCH 1/FREQ-FLOW//1990/BASE/
/SILVER CREEK/RCH 1/FREQ-FLOW//1990/UNGTD RES/

A pathname cannot exceed 80 characters including the "/" (slash) separators. DSS limits
individual parts to 32 characters. Application programs further limit those pathname parts by
allowing a limited number of columns of user input. As a result, the following limitations apply to
pathname parts when used in Flood Damage Analysis:

Part Max. number of chars.
A 14  (if using fixed format)
B 6
E 4  (if using fixed format)
F 22  (if using fixed format)
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Example input to HEC-1 and the EAD programs to write and read data
from/to a DSS data file:

Valid example:

ZW A= SILVER CREEK E=1990 F=BASE
ZR A=SILVER CREEK B=RCH1 C=QF E=1990 F= BASE

EAD will be able to read frequency curves written to DSS by HEC-1 because leading and trailing
blanks of a pathname part are ignored. DSS software will ignore the leading blank before "SILVER
CREEK" on the ZW card and the leading blanks before "BASE" on the ZR card.

£
Invalid example: 7 Al/}‘f N STV,
\} lé‘: Vo/7
ZW A=SILVER CREEK E=1990 F=BASE 'gﬁ

ZR A=SILVER CREEK B=RCH1 C=QF E=1990 F=BASE

EAD will not be able to retrieve the frequency curve written by HEC-1 because the HEC-1 ZW
card contains two blank columns between "SILVER" and "CREEK" whereas the EAD ZR card
contains only one.
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TABLE 2: Location of DSS Pathname Parts [1]
(fixed-format input)

Pathname Part
C

A B D E F

Program

HYDPAR ZW.1-2 SB-5 AG NA ZW.6 ZW.3-5
HEC-1 ZW.1-2 FR.1[2] AG NA ZW.6 ZW.3-5
HEC-2 ZW.1-2 X1.1 AG NA ZW.6 ZW.3-5
HEC-5 ZW [3] ID.1-2 AG NA ZW [3] ZW [3]
SID ZW.1-2 DR.1 AG NA ZW.6 ZW.3-5
DAMCAL ZW.1-2 DT.1 AG NA ZW.6 ZW.3-5
EAD ZR.1-2 [4] AG [5] NA [6] ZR.3-5
EAD ZR.1-2 QF.1 AG NA QF.2 ZR.3-5
EAD ZR.1-2 QS.1 AG NA QS.2 ZR.3-5
EAD ZR.1-2 DG.1 AG NA DG.2 ZR.3-5

note:
[1] The part location is identified by the code: "xx.n-m"
where:
xx is the record code identifier entered in columns one and two for an application program (i.e. "ZW").

n-m is the field locations on that record. If only one field is occupied, then "-m" is not entered. Sometimes,
partial fields are used. That is documented with the detailed record descriptions.

The code "NA" indicates that part is not used and the code "AG" indicates that part is automatically
generated by the applications program.

[2] HEC-1 generates part B from field one of the FR record. If it is blank, then it uses the first field of the
preceding KK record.

[3] HEC-5 requires the user to enter "ZWQF" in columns one through four to store flow-frequency data in a DSS file.
Parts A, E, and F are entered in a free format style. For example:
ZWQF A=BEDROCK CREEK, E=1990, F=BASE
[4] EAD generates part B from field one of the following records: QF,QS,DG.
[6] EAD automatically generates part C based on the type of record input: QF,QS, or DG.

[6] EAD generates part E from field 2, columns nine through twelve of the following records: QF,QS, or DG.
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‘ [I. The Interactive Paired-Function Data Input Program For Flood Damage Data (PIP)

PIP is designed to assist in inserting and storing flood damage paired- function data in the
HECDSS. By using PIP, a person can enter data directly from a keyboard into a DSS file. The
program is menu-driven to assist users during execution and includes on-line help instructions. The
type of data the PIP processes is called "paired-function” data. A paired-function is an x-y
relationship with either:

(1) one independent variable and one dependent variable, such as an elevation-flow curve; or

(2) one independent variable and more than one dependent variable, such as an
elevation-damage function where one set of elevations are defined for more than one damage

‘DO/\/ )/D O
The six (6) paired-functions that may be input using PIP are: P ﬁ? 1 =
/
1. elevation-damage data (ELEVATION-DAMAGE) 6’{ Ll i
2. elevation-flow data (ELEV-FLOW) D e
3. exceedance frequency-elevation data (FREQ-ELEV)
4. exceedance frequency-flow data (FREQ-FLOW)
5. flow-damage data (FLOW-DAMAGE)
6. exceedance frequency-damage data (FREQ-DAMAGE)

The following example demonstrates the use of the PIP computer program.
All of the user’s responses are underlined.
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* PIP - Paired-function data Input Program for HECDSS

* Version date: October 1, 1989
* IBM-PC Compatible (MS)
* Rundate 10JAN9O Time 19:55:57

*
*
*
*

ek e e e e e e e e e v e o e e o vk ok o o o ok o o ok ok o e e e e e ke e o o e o e o o o o o o o o e e e e e e e ok e o

OPENING MENU
0 EXIT PROGRAM
1 GENERAL HELP MENU
2 PATHNAME MENU
3 DATA ENTRY MENU

4 DATA-FILE MENU

Enter: item number or (H)elp> l

GENERAL

0 EXIT PROGRAM
1 SET HELP LEVEL

2 GENERAL INSTRUCTIONS :

Enter: item number or (H)elp> _l
Help levels:

HELP

0 ALl data entry instructions displayed
1 ALl data entry instructions suppressed

Current help level is 0

Enter space or new help level (0 or 1)> l

Current help level is now 1

GENERAL

0 EXIT PROGRAM

1 SET HELP LEVEL

2 GENERAL INSTRUCTIONS

Enter: item number or (H)elp> i

L-1204/RDC/90

HEERCRP

MENU

: 3 SAVE AND EDIT DATAFILE

4 DATA-FILE STRUCTURE

MENU

3 SAVE AND EDIT DATAFILE :

4 DATA-FILE STRUCTURE

10

OTHER MENUS

5 PATHNAME MENU

6 DATA ENTRY MENU

7 DATA-FILE MENU

OTHER MENUS

5 PATHNAME MENU

6 DATA ENTRY MENU

7 DATA-FILE MENU



PATHNAME MENU
OTHER MENUS
0 EXIT PROGRAM 3 GENERAL HELP MENU

1 SET PROJECT NAME (part A) 4 DATA ENTRY MENU

2 SET ALTERNATIVE NAME (part F) : 5 DATA-FILE MENU

Enter: item number or (H)elp> _1

Current Project name:

Enter Project name (max 32 characters)> COOPER CREEK

Enter: item number or (H)elp> _Z

Current Alternative name:
Enter Alternative name (max 32 characters)> BASE

Enter: item number or (H)elp> _4_
DATA ENTRY MENU

OTHER MENUS

0 EXIT PROGRAM : 4 GENERAL HELP MENU
1 SET LOCATION (part B) : 5 PATHNAME MENU
2 SET DATA YEAR (part E) : 6 DATA-FILE MENU

3 SELECT DATA TYPE

Enter: item number or (H)elp> l

Current location:
E<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>