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10 December 1984
Conditions of Use

The following conditions regulate the use of computer programs developed by the Hydrologic
Engineering Center (HEC), Corps of Engineers, Department of the Army.

1. The computer programs are furnished by the Government and are accepted and used by the
recipient individual or group entity with the express understanding that the United States
Government makes no warranties, expressed or implied, concerning the accuracy, completeness,
reliability, usability, or suitability for any particular purpose of the information or data contained
in the programs, or furnished in connection therewith, and that the United States Government
shall be under no liability whatsoever to any individual or group entity by reason of any use
made thereof.

2. The programs belong to the United States Government. Therefore, the recipient agrees
neither to assert any proprietary rights thereto nor to represent the programs to anyone as other
than Government programs.

3. The recipient may impose fees on clients only for ordinary charges for applying and
modifying these programs.

4. Should the recipient make any modifications to the program(s), the HEC must be informed
as to the nature and extent of those modifications. Recipients who modify HEC computer
programs assume all responsibility for problems arising from, or related to, those modifications.
User support from the HEC to third part recipients will only be provided after the second party
demonstrates that program difficulties were not caused by their modifications.

5. This "Conditions of Use" statement shall be furnished to all third parties that receive copies
of HEC programs from the recipient. Third party recipients must be notified that they will not
receive routine program updates, correction notices, and other program services from the HEC
unless they obtain the program(s) directly from the HEC.

6. All documents and reports conveying information obtained as a result of the use of the
program(s) by the recipient, or others, will acknowledge the Hydrologic Engineering Center,
Corps of Engineers, Department of the Army, as the origin of the program(s).
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Preface

The Hydrologic Engineering Center’s Interior Flood Hydrology (HEC-IFH) computer program
provides the capability to analyze flood characteristics on the landward side of levees and
floodwalls. These flood damage reduction measures generally block the natural egress of
floodwaters from the interior area and analyses of these conditions is an important part of the
plan formulation process. The HEC-IFH program includes the capability to analyze gravity
outlets and pumps for reducing flood damages due to interior runoff and allows the direct
determination of interior stage-frequency relationships for muitiple plans.

The HEC-IFH program, Version 1.0, was initially released in May 1992. This new release,
Version 2.0, December 1998, includes some enhancements and numerous error corrections.
The main changes to the program are listed below:

e Errors encountered when attempting to run the program under the Windows NT
operating system have been corrected.

* Errors encountered when entering a user-defined gravity outlet rating have been
fixed.

e Pump analysis results are now saved with the plan results instead of with the
pump unit information.

¢ Input file date stamps are checked to assure the input data has not changed
subsequent to the last time the plan interior analysis was performed. If the input
has been modified, a warning message is displayed prior to displaying the plan
results.

e A message has been added to warn the user when plan results will be overwritten.
¢ The use of metric units was never fully implemented and has been deactivated.

e Batch jobs now work for multiple studies.

* Pond routing calculations have been refined for improved accuracy.

e Numerous minor errors have been corrected based on the feed back from field
offices.

Version 2.0 of HEC-IFH ( a DOS program) will continue to be maintained by HEC but no
additional modifications will be made to the program. It is planned that interior area analysis
capabilities will become part of the Windows based Hydrologic Modeling System (HEC-HMS)
which will replace HEC-IFH.
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Chapter 1:
Introduction to HEC-IFH

1.1. GENERAL PROGRAM OVERVIEW

The Hydrologic Engineering Center's Interior Flood Hydrology (HEC-IFH) computer
program is designed to make it easier to analyze areas protected by levees or flood walls.
Engineers involved in the planning and design of flood damage reduction projects for such
areas can use HEC-IFH.

Traditionally, large hydrologic engineering computer programs have operated as "batch”
programs. That is, all input data values are generally stored in a single input data file.
After the input data file is complete, the hydrologic computer program processes the input
data and generates all output without the opportunity for further user interaction.
Subsequent revisions are made by revising the input data file and repeating the entire
sequence of computations to generate a completely new set of results.

The HEC-IFH program operates in an interactive workstation environment. The program
enables full-screen interactive data entry, with data verification and plotting available prior
to analysis. Analysis methods are selected using program menus. The analysis may be
performed in phases or steps, with the opportunity for review and assessment of results
after each step. Reports and plots may be generated from input and output data.
Additional output reports may be generated later without repeating the analysis.

1.2. DESCRIPTION OF THIS MANUAL

This manual includes the following chapters and appendices:

CHAPTER 1: Introduction to HEC-IFH describes the basic purpose and capabilities of
the program. This chapter introduces the most important concepts of interior studies.

CHAPTER 2: Working With HEC-IFH provides information on the program operation and
user interface. It is important to review this chapter carefully before attempting to apply
the program.

The following chapters explain various types of input data required for interior analyses,
and illustrate how these data are input:

CHAPTER 3: Basin Average Precipitation
CHAPTER 4: Runoff Hydrographs
CHAPTER b5: Interior Pond

CHAPTER 6: Gravity Outlets

CHAPTER 7: Pump Outlets

CHAPTER 8: Exterior Stage

CHAPTER 9: Auxiliary Inflow/Outflow

CHAPTER 10: Interior Analysis summarizes the operations of the interior analysis
computations.

CHAPTER 11: CSA Hydrologic Analysis Summaries describes the reports and plots
which document the results of the Continuous Simulation Analysis (CSA) approach.

CHAPTER 12: HEA Hydrologic Analysis Summaries describes the reports and plots
which document the results of the Hypothetical Event Analysis (HEA) approach.
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CHAPTER 13: Comparison of Plans shows the reports and plots comparing the results of
two or more interior analyses.

APPENDIX A: References and Bibliography lists important references for interior
analyses.

APPENDIX B: Installing and Configuring HEC-IFH describes the computer hardware
required for operation of HEC-IFH and documents the installation of the program. It also
provides information about configuring the program to improve performance on particular
computer systems.

APPENDIX C: HEC-IFH Example CSA Application illustrates a typical application of
HEC-IFH using the Continuous Simulation Analysis (CSA) analysis approach.

APPENDIX D: HEC-IFH Example HEA Application illustrates a typical application of
HEC-IFH using the Hypothetical Event Analysis (HEA) analysis approach.

APPENDIX E: HEC-IFH Data Storage provides information about the storage and format
of HEC-IFH input data and results.

APPENDIX F: Errors and Warning Messages describes the messages which may be
generated by the HEC-IFH program during analysis.

APPENDIX G: Index provides a complete index to the manual.
1.3. INTERIOR FLOOD HYDROLOGY

An interior area is protected from direct river, lake, or ocean flooding by levees, flood
walls, or high ground. The levee or wall protecting the interior area is the line-of-
protection. The line-of-protection protects areas subject to flooding from the exterior, but
may block the natural passage of interior runoff to the main river.
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FIGURE 1.1 Cross-Section of Typical Interior System

Gravity outlets, pumping stations, interior ponding areas (detention storage basins}, and
diversions are measures commonly implemented within interior areas to reduce flood loss.
Gravity outlets (usually culverts) may pass water through the line-of-protection when in-
terior water levels are higher than exterior levels. The flood waters are stored or pumped
through the line-of-protection when exterior stages are higher than those in the interior.
Flood waters may also be diverted to other areas. Figures 1.1 and 1.2 are representations
of an interior system.

Hydrologic data required for analyses of interior areas include topography, exterior stage
data, historic rainfall records and/or hypothetical precipitation data, runoff parameters,
and seepage data.
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Topographic data are required to define watershed and sub-basin boundaries, basin
slopes, stream lengths, and elevation-area-storage relationships for natural detention
areas. Good topographic data should be obtained early in the study if possible.

Exterior stage data are required to define tailwater conditions for gravity outlets and
pumps, and for determining seepage, if any.

Rainfall data contribute to runoff computations for interior and possibly exterior basins.
Basin average values should be used. Weighted average rainfall values can be determined
where more than one rain gage is located within or near the watershed. If no rainfall gage
exists in the basin, records from nearby rain gages should be used in the analysis. Alter-
natively, depth-duration data for hypothetical rainfall events may be used to determine
runoff from a storm of desired duration and frequency.
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FIGURE 1.2 Typical Interior System

Loss rates affect the rate and total volume of runoff. Loss rates are generally based on land
use, antecedent soil moisture condition, and physical basin characteristics. They may be
initially estimated by using values from previous studies or derived through analysis of
measured rainfall and runoff volumes at gages. Subtracting losses from rainfall yields rain-
fall excess.

Runoff transforms provide methods of computing runoff from rainfall excess. Unit hydro-
graphs are common runoff transforms. Initial values for unit hydrograph parameters may
be estimated from land use and physical basin characteristics using published values or
regression equations, or from analysis of observed events. The importance of volume rather
than peak discharge in many studies permits the use of simplified runoff methods with
acceptable results. Assumptions should be verified as needed. Results may be verified by
high water marks, discharge-frequency relationships, or from reconstitution of observed
historical events.

Interior analyses normally require information on physical and operational characteristics
of existing or proposed flood loss reduction measures. For example, information on gravity
and/or pump outlet locations, capacity, and operational procedures enable a simulation
analysis to reproduce the historic record. Data on ponding areas, stormwater collection
systems, and any hydraulic controls affecting water movement are also often necessary.
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1.4. INTERIOR ANALYSIS APPROACHES

Using the HEC-IFH program, an engineer may use either of two different analysis
approaches, each of which is appropriate for certain types of studies. The following
approaches are available:

1. Continuous Simulation Analysis (also called a period-of-record analysis),
which uses continuous historic precipitation and streamflow records. HEC-IFH is
designed to accommodate complete continuous simulations for at least 50 years of
hourly records. However, these are not the absolute limits of the program's capabil-
ities. For example, total periods of up to 100 years and time increments as small as
5 minutes may be used, although significant increases in data storage require-
ments and computation time will result. Section 1.4.1. Continuous Simulation
Analysis below presents additional details.

2. Hypothetical-Event Analysis, is generally applicable when interior and exterior
flood events are dependent. The analysis can be conducted so that the same series
of synthetic stormn events occur over both the interior and exterior areas. This
analysis method can also be applied using a constant exterior stage or for any
"blocked" or "unblocked" gravity outlet condition. See Section 1.4.2. Hypothetical
Event Analysis on page 1-7 for details.

1.4.1. Continuous Simulation Analysis

The continuous simulation method involves the analysis of continuous historic records of
hydrologic events. The procedure consists of sequential hydrologic simulation of inflow,
outflow, and change in storage. The objective is to derive interior water surface elevations
given exterior stages and interior rainfall for the entire period-of-record.
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FIGURE 1.3 Continuous Simulation Analysis Concepis

Figure 1.3 presents an overview of the concepts involved in the continuous simulation
approach. Historic precipitation data are applied to sub-basin loss rates, runoff trans-
forms, and base flow parameters to yield runoff hydrographs at sub-basin outlets. Hydro-
graphs are combined and routed through the system (as appropriate} to yield period-of-
record inflows for the interior ponding area. These data are used with period-of-record
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exterior stage data to simulate the expected operation of the system. The primary result is
a continuous stage hydrograph for the interior ponding area.

The continuous procedure is attractive because it preserves the seasonality, persistence,
and dependence or independence of exterior stages and interior flooding. The method
enables the performance of the project to be displayed in a manner easily understood by
the other study participants and the public. The procedure is particularly useful for
evaluating crop damage of single sub-basin watersheds (in which ponding is adjacent to
the line-of-protection) in agricultural areas. System operational and maintenance costs
may be calculated directly.

Short historic records may be unrepresentative, and may therefore yield inappropriate
sizes and mixtures of measures and operation specifications of the system. If lengthy his-
toric records are not available, continuous series of rainfall or streamflow records may also
be generated stochastically. However, stochastic generation of continous series is not a
feature of the HEC-IFH program, and is therefore beyond the scope of this manual.

In the past, continuous simulations have been tedious to apply because of the large
amount of hydrologic data analyzed. The procedure requires a significant volume of
information and extensive calibration. The extensive data needs and model calibration
requirements often result in a continuous analysis that is unduly simplistic. For example,
the analysis may include only a single sub-basin adjacent to the line-of protection. This
level of detail may be adequate for agricultural areas, but not for more complex drainage
systems in urban areas. One of the objectives of the HEC-IFH program is to automate
much of the tedious work involved in continuous simulations and allow more realistic
continuous simulations to be completed.

The continuous simulation analysis aspect of the HEC-IFH program may also be applied to
simulate individual historical flood events by entering precipitation for the storm event.

Figure 1.4 illustrates the sequence of analytical procedures used by HEC-IFH in
continuous simulation analyses. These procedures are summarized below:

1. Rainfall: Enter long-term historical data for a single rainfall gage or for several
individual gages. If appropriate, compute the composite basin average precipitation
for a sub-basin as the weighted average of measurements from two or more
individual rainfall gages. Chapter 3 describes rainfall data entry.

2. Rainfall Excess: Compute rainfall excess values for each interior sub-basin using
either of two methods: Generalized Runoff Coefficients or the Initial-Uniform-
Recovery method. Chapter 4 describes these methods.

3. Runoff: Transform rainfall excess into a runoff hydrograph for each interior sub-
basin using unit hydrographs input by the user, or computed using the Clark,
Snyder, or SCS Dimensionless unit hydrograph methods. Add base flows, if any, to
the computed runoff hydrographs. Chapter 4 discusses the available unit hydro-
graph methods.

4. Auxiliary Flows: Determine auxiliary inflows, such as overflow from adjacent
areas. Consider diversions from the upper interior drainage area, overflow from the
lower area, or seepage. Chapter 9 describes auxiliary flows.

5. Channel Routing: The Modified Puls, Muskingum, or Lag streamflow routing
methods route the total discharge hydrograph from the upper portion of the interior
area to the interior ponding area. Channel routing is discussed in Chapter 4.

6. Exterior Stages: Define exterior stage data through the use of an exterior stage
hydrograph or an exterior discharge hydrograph and channel rating curve. Exterior
discharge hydrographs may also be computed using the same rainfall-runoff
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methods described for interior discharge hydrographs. Chapter 8 describes exterior
stage data.

7. Pond Routing: Route interior inflow through the interior ponding area and dis-
charge it through the line-of-protection by way of the gravity outlets and/or
pumping stations. Consider seepage inflows through the line-of-protection, as well
as overflows from the interior ponding area. Chapter 10 describes the interior pond
routing computations. The capacity of the gravity and pump outlets are specified as
described in Chapters 6 and 7. Chapter 9 describes seepage and overflows.

8. Frequency Analysis: Develop elevation-frequency relationships, duration of
flooding, and other pertinent hydrologic information. Chapter 11 documents the
frequency analysis computations and results.

/

Upper Interior Sub-Basin
Auxiliary inflows

S

\ 4

Diversion Outflow from
Upper Interior Sub-Basin

v

Upper Interior Sub-Basin
Discharges

Channel Routing
Parameters

T~ [

v

Channel Routing
Computations

v

v
Upper Inferior Sub-Basin
ontinuous Rainfall Record » Upper Interior Sub-Basin Runoff Data: Loss Rates,
for Upper interior Sub-Basin Runoff Computations UanBk-iydrglgrcph,
ase Flows

/ Lower interior Sub-Basin

ontinuous Rainfall Record
for Lower interior Sub-Basin

oo

T >

Lower interior Sub-Basin
Runoff Computations

Auxiiiary inflows

Lower interior Sub-Basin
¢ Runoff Data: Loss Rates,
Unit Hydrograph,
Base Flows
Continuous Exterior Lower interior Sub-Basin
Stage Hydrograph Discharges
Interior Ponding Area
Storage Data, » Interior Ponding Area Seepage
Gravity Ouflet Data, Roufing Inflow
Pump Outlet Data
v v
Overflow Interior Stage Gravity Quiflow,
Cutfiow Hydrograph Pump Ouftflow
Frequency Analysis Interior Stage-Frequency
/ Parameters / ’ Frequency Analysis : 7 Relationships
Measured Performance
and Operation Data

FIGURE 1.4 Continuous Simulation Analysis Schematic
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1.4.2. Hypothetical Event Analysis

The Hypothetical-Event analysis approach may be used to analyze conditions in which
interior and exterior storms are dependent on the same meteorologic events. A single
series of storm events can be assumed to occur over both the interior and exterior areas. A
constant exterior stage, "blocked"” or "unblocked” exterior conditions can also be evaluated
using a series of hypothetical storm events on the interior area.

Figure 1.5 contains an overview of the Hypothetical-Event Analysis. Synthetic precipitation
data are applied to sub-basin loss rates, runoff transforms, and base flow parameters to
yield runoff hydrographs at sub-basin outlets. Hydrographs are combined and routed
through the system (as appropriate) to yield an inflow hydrograph for the interior ponding
area. These data are used with exterior stage data for the event being analyzed to simulate
the expected operation of the system. The primary results are stage hydrographs for each
event and an elevation-frequency relationship for the interior area.

The hypothetical-event method typically requires less data than the continuous record
technique. The method enables the performance of the project to be displayed in a manner
easily understood by other study participants and the public. In general, the procedure is
easier to apply for urban interior analyses than methods involving continuous record
simulations. The amount of hydrologic data analyzed is relatively small, thus keeping
computer run time to a minimum.

Hypothetical-event analyses generate hypothetical frequency hydrographs in which the
peak flow rate, runoff volume, and all durations are assumed to be statistically consistent
with the percent chance exceedance assignment of the rainfall events. This reduces the
opportunity for statistically nonrepresentative results that might occur from procedures
using historic records.

Antecedent soil moisture conditions and initial interior ponding levels may be more
difficult to adequately account for using Hypothetical Event analyses.
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FIGURE 1.5 Hypothetical-Event Analysis Concepts
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Figure 1.6 depicts the general processes completed during an analysis of interior areas
using the Hypothetical-Event method. The general steps completed by the HEC-IFH
program are as follows:

1.

Rainfall: Enter hypothetical storm depth-duration-frequency data for individual or
multiple hypothetical events and/or a Standard Project Storm (SPS). Chapter 3
describes rainfall data entry.

Rainfall Excess: Compute rainfall excess values for each interior sub-basin using
any of the following methods: SCS Curve Number, Holtan, Green-Ampt, or the
Initial-Uniform method. Chapter 4 describes these methods.

Runoff: Transform rainfall excess into a runoff hydrograph for each interior sub-
basin. Unit hydrographs may be input by the user, or computed using the Clark,
Snyder, or SCS Dimensionless unit hydrograph methods. Consider base flow and
base flow recession when computing runoff hydrographs. Chapter 4 discusses the
available unit hydrograph methods.

Auxiliary Flows: Determine auxiliary inflows such as overflow from adjacent areas.
However, be sure that auxiliary inflows do not cause the total hydrograph to be
statistically inconsistent with the rainfall event. Consider any diversions from the
upper interior drainage area, overflow from the lower area, or seepage. Chapter 9
describes auxiliary inflows and diversions.

Channel Routing: Route the total discharge hydrogrpah from the upper portion of
th interior area to the interior ponding area. The Modified Puls, Muskingum,
Muskingum-Cunge, or lag streamflow routing methods are available. Streamflow
routing is discussed in Chapter 4.

Exterior Stages: Define exterior stage data through the use of an exterior stage
hydrograph or an exterior discharge hydrograph and channel rating curve. Exterior
discharge hydrographs may be computed using the same methods described for
interior discharge hydrographs. Chapter 8 describes exterior stage data.

Pond Routing: Route interior inflow through the interior ponding area and dis-
charge it through the line-of-protection by way of the gravity outlets and/or
pumping stations. Consider seepage inflows through the line-of-protection, as well
as overflows from the interior ponding area. Chapter 10 describes the interior pond
routing computations. The capacity of the gravity and pump outlets are specified as
described in Chapters 6 and 7. Chapter 9 describes seepage and diversions.

Frequency Analysis: Determine interior elevation-frequency relationships from a
series of hypothetical events.
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Chapter 2.
Working with HEC-IFH

2.1. INTRODUCTION

HEC-JFH can operate in interactive mode or in batch mode. Interactive mode provides full
access to program features through a convenient menu-driven interface. Working in
interactive mode, the program can receive input data from the user, import data from other
sources, display plots, perform computations, display results, and print reports. Most of
this manual describes the interactive mode of operation.

Batch mode provides access to interior analysis computational procedures only. Using
batch mode, a single command from the operating systern initiates program operations and
performs interior analysis computations using data already entered using the program's
interactive mode of operation. By using batch mode, the HEC-IFH user can enter the data
necessary for several analyses, then create a batch file containing the commands
necessary to perform the computations for each analysis. Under the control of the batch
file, the program can then perform the computations for all analyses without further user
intervention. These computations can be performed during a lunch break, overnight, or
even over a weekend, depending upon the complexity and length of the analysis. The HEC-
IFH batch mode is described in more detail in Chapter 10.

2.2. WORKING WITH HEC-IFH IN INTERACTIVE MODE

To execute HEC-IFH in interactive mode, simply type HECIFH from the operating system
command line. (See Appendix B for information on HEC-IFH installation and
configuration). As the HEC-IFH program begins operating, the first program screen
displays the introductory screen shown in Figure 2.1. The program version number is
displayed in the upper left-hand corner of the screen. A screen reference number {"screen
ID") is shown in the upper right-hand corner of the screen if ID is included after the

program name on the operating system command line. Press the key to display the

next screen, Figure 2.2, which shows the name and version number of the program. This
screen allows you to name a new study or select an existing study for further analysis.

A study is an analysis of a particular interior system. The purpose of the study is generally
to propose changes to the interior system to improve performance under existing or future
conditions. During the course of the study, several different plans will be formulated for
analysis. Each plan represents a unique combination of precipitation, runoff, pond
storage, and outflow conditions. Comparing the results of various plans determines the
most effective flood protection measures.

In HEC-IFH, a Study ID is used to identify all study data. Figure 2.2 illustrates the data
entry screen used to specify the Study ID and descriptions. The HEC-IFH program creates
a sub-directory under the HEC-IFH program directory (the current directory) having the
same name as the Study ID. All data for the study, and for plans associated with the
study, are stored in this sub-directory.

Data for several different Studies may be entered (subject to available storage capacity on
the computer), with each having a unique Study ID. When the cursor is on the Study ID
field, the key displays a list of previously-defined IDs (see the discussion of the F3

Index key later in this chapter for more details). Any of these previous Study IDs may be
selected, and the corresponding study data will be available for editing or processing.
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IFH ©01.01.00 INTRO1

H.E.C. INTERIOR FLOOD HYDROLOGY ANALYSIS PROGRAM
Requires 4Mb of memory (1Mb base + 3Mb extended)

US Army Corps of Engineers
Hydrologic Engineering Center
609 Second Street
Davis, California 95616
(316) ?56-1104

Written in Lahey Fortran F?7L-EM/32
Uses Ingraf Graphics, (C) 1987-30 SutraSoft
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FIGURE 2.1 HEC-IFH Introductory Screen
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FIGURE 2.2 Study ID and Descriptions
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The 40-character Study Description is used to provide a short, meaningful description of
the Study. The Full Description is used to provide additional descriptive informtaion, if
desired. The system of measurement units to be used throughout the Study is specified
using the horizontal menu at the bottom of the screen. Use the left and right arrow keys to
highlight the desired system, then press the space bar to complete the selection.

2.3. HEC-IFH MENUS

Figure 2.3 illustrates the HEC-IFH Main Menu, which follows the Study ID and
description. As shown, several options are available on the HEC-IFH Main Menu:

A) Program Configuration Options: the customizing options described in Appendix
B.

B) Data Management Utilities: the options for managing HEC-IFH data, described in
Appendix E.

C) Continuous Simulation Analysis (CSA): the data entry, computation, and
reporting options relating to continuous or period-of-record analyses. (See Chapter
1)

D) Hypothetical Event Analysis (HEA): the data entry, computation, and reporting
options relating to the analysis of hypothetical rainfall events. (See Chapter 1.)

IFH 01.01.00
Study ID RBENDZ " H.E.C. INTERIOR FLOOD HYDROLOGY ﬂ

Select Option:

fi. Program Conf iguration Options

B. Data Management Utilities
C. Continuous Simulation Analysis (CSA)
D. Hypothetical Event fAnalysis (HEA)

1Help ZPrtScr 3 4 5 6b0S 7 8 9 10Exit
Press Letter: or use Arrouw Keys and <Enter> to Select

FIGURE 2.3 HEC-IFH Main Menu

Menus similar to the HEC-IFH Main Menu are used to select different options for use by
the HEC-IFH program. These menu screens form a hierarchical (tree-like) structure which
provides access to program functions such as data entry, computations, and reports.
Figure 2.4 illustrates the HEC-IFH program menu structure or hierarchy.
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FIGURE 2.4 HEC-IFH Program Menu Hierarchy

All HEC-IFH program menus list selections in one or two columns on the screen. Menu
selections are labelled [a], [B], [c], etc. When HEC-IFH displays a menu, one menu selection

is always highlighted (displayed in reverse colors and surrounded by [square brackets]).
The direction keys located on the numeric keypad of the PC keyboard may be used to

highlight other menu selections. The [Home| and |End] keys move the highlight to the first
and last menu selections, respectively.
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Pressing the key selects the highlighted menu selection. Menu selections may also
be made by pressing the [a], [B], etc. key corresponding to the desired selection. Upper-case
or lower-case letters may be used.

If Option |¢] is selected from the HEC-IFH Main Menu, the Continuous Simulation Analysis

Menu is displayed. Figure 2.5 illustrates this menu screen. The menu screen for
Hypothetical Event Analysis is similar.

CSa 01.01.00 MC
Study ID RBENDZ ﬂ Continuous Simulation Analysis (CSA) ]
Select Option:

fi.- Def ine Interior Analysis Data

B. Perform Interior Analysis

C. Hydreologic Analysis Summaries

D. Comparison of Plams - Hydrologic Results
1Help  2PrtScr 3 4 5 6D0S ? 8 9 10Exit

Press Letter: or use Arrouw Keys and <Enter> to Select

FIGURE 2.5 HEC-IFH Continuous Simulation Analysis Menu
The Continuous Simulation Analysis menu selections provide the following operations:

A} Define Interior Analysis Data: allows input data to be entered or edited for a
Continuous Simulation Analysis. Figure 2.6 illustrates the resulting menu screen.

B) Perform Interior Analysis: instructs the HEC-IFH program to perform the
Continuous Simulation interior analysis computations after all input data have
been defined. Chapter 10 describes Interior Analysis computations.

C) Hydrologic Analysis Summaries: displays or prints the results of a single interior
analysis (See Chapter 11.)

D) Comparison of Plans - Hydrologic Results: displays or prints a comparison of the
results of up to 7 different interior analyses. Chapter 12 describes these reports.
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FIGURE 2.6 HEC-IFH Data Entry Menu

2.4. HEC-IFH DATA ENTRY MODULES

Data entry modules store the input data used by the HEC-IFH program. Each of the 7
modules represents a group of related data. The HEC-IFH program provides data entry
screens and computational procedures to develop the data for each module. The modules

are:

PRECIP Module: Basin Average Precipitation. (See Chapter 3).
RUNOFF Module: Runoff Hydrograph Parameters. (See Chapter 4).
POND Module: Interior Pond Data. (See Chapter 5).

GRAVITY Module: Gravity Outlet Data. (See Chapter 6).

PUMP Module: Pump Outlet Data. (See Chapter 7).

EXSTAGE Module: Exterior Stage Data. (See Chapter §).

7. AUXFLOW Module: Auxiliary Inflows and Outflows. (See Chapter 9).

Several sets of data may be entered and stored for each module, and specific module
identifiers (Module IDs) describe each set. For example, you may enter two sets of PUMP
module data: a set which includes two pumps and another set which includes three
pumps. These sets of data are both PUMP module data, but they would have different
Module IDs ("2PUMPS" and "3PUMPS", for example).

After entering and storing the data for each module, the desired ID for each module is
specified. Continuing the example described above, you might specify a PUMP Module ID
of "2PUMPS" for the first plan. A PUMP Module ID of "3PUMPS" might be specified in a
later plan for comparison.

o Ok W
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In addition to Module IDs, other IDs are used to identify individual data sets within the
various data entry modules. For example, the data sets in the "2PUMPS" module might
have ID's of "PUMP1" and "PUMP2" to represent performance data for a 100- and 200- cfs
pump, respectively. The use of data set IDs to identify data itemms makes the HEC-IFH
program more powerful and easier to use.

2.5. DATA ENTRY ROUTINES

Each data input screen of the HEC-IFH program includes a series of highlighted fields for
entering and editing data values. When the HEC-IFH program displays a data entry screen,
the cursor is always located initially at the first data entry field on the first line. Unless
directed otherwise, HEC-IFH moves from left to right across each line. After the last data
entry field on a particular line, HEC-IFH moves down to the first field on the next line.

The direction keys or arrow keys control the location of the cursor. These keys are
located on the numeric keypad of the PC keyboard. Each direction key is labelled with an
arrow.,

The up-arrow key moves the cursor to the preceding field. The down-arrow key moves the
cursor to the next field, if such a field exists. The key moves the cursor to the next
field on the screen, like the down-arrow key. The keys located on the numeric keypad
labelled {Home| and [End] move the cursor to the first field of the screen and the last field of
the screen, respectively.

The |Tab] and |Shift-Tabl keys move the cursor right and left, respectively, between groups of

data entry fields on the screen. The following sections describe how to enter data in fields
and tables on the screen, and how to select items from a list of choices.

2.5.1. Entering Values in Data Entry Fields

Data entry may be performed in insert mode or in typeover mode. Pressing the key

changes from one mode to the other. Insert mode is the default. The size of the cursor
indicates the current mode. The cursor is a large blinking square for insert mode and a
blinking underline for typeover mode.

In insert mode, characters are inserted at the cursor, shifting any previous characters from
the cursor one position to the right. The cursor advances one position as each character is
inserted. If a field is filled, no number or character may be inserted in insert mode; the
program sounds a bell if the sound effects option is enabled.

In typeover mode, the typed characters always replace the character at the cursor location
and the cursor advances to the next location.

Deleting Characters: The (Delete) key deletes the character at the current cursor
location. The key deletes the character to the left of the current cursor position.
If the cursor is at the left-most position of the field, the key has no effect.

Moving Between Characters: The left and right arrow keys move within the field.

Replacing Existing Values: If the first keystroke in a data entry field is a data key (as
opposed to a control key), the former value is erased and a new value begins with the
entered character. This is true for both insert and typeover modes, making it easier to
replace existing values.
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2.5.2. Entering Data in Tables

Time-series data sets such as precipitation or stage may be represented as tables with
thousands of values. The HEC-IFH program uses other tables, such as pond elevation
versus surface area, with up to 20 values. In either case, however, the entire table is not
displayed on the data entry screen. Instead, a "window" of about 14 values is visible. While
entering values in this window, the and keys scroll the window up and
down, respectively. When the cursor is on the first line of the window, the up-arrow key
causes the window to scroll up one line. Similarly, the down-arrow key causes the window
to scroll down one line when the cursor is on the last line of the window. Of course, the
window cannot scroll up if it already displays the first value in the table, and it cannot
scroll below the last value in the table.

While entering tabular data, HEC-IFH repeats the value directly above automatically when
the [*] (double quote) key is pressed. The (asterisk) key provides the same function, and
may be more convenient for those using the numeric keypad for data entry.

2.5.3. Picking Values from Lists

A convenient way of entering data is to pick an item from a list. HEC-IFH sometimes lists
the available items on a single line, with the current value bracketed. The left or right arrow
keys change which item is highlighted. The space bar selects and brackets the highlighted
item. Pressing up-arrow or down-arrow moves the cursor to the previous or next field,
respectively.

If the items are each listed on a separate line, the up-arrow or down-arrow keys change the
highlighted item. The space bar selects and brackets the highlighted item. Pressing up-
arrow at the top of the list moves the cursor to the previous data entry field. Similarly,
pressing down-arrow at the bottom of the list moves the cursor to the next data entry field.

2.5.4. Error Processing

HEC-IFH provides interactive data entry capabilities for all input data values. These
interactive data entry routines can "screen" input data values to eliminate some common

errors.
The program will not accept non-printable characters in any data entry field. The program

will not accept invalid characters or spaces in numeric fields. The program uses a bell
sound to emphasize an invalid entry if the bell sound option is enabled. (See Appendix B.)

The HEC-IFH program will accept upper-case or lower-case input for character fields. It
automatically converts entries to a upper case for displaying variable names.

For HEC-IFH numeric data entry, valid ranges are defined by definite physical limits (e.g.,
value > 0) rather than "reasonable" ranges (e.g., O < value < 20.0). These physical limits are
applicable to all values, except for elevation values.

2.54.1. Valid Range of Elevation Values

Many of the input data values required by HEC-IFH are elevations. Elevation values, when
measured in feet NGVD, always fall within the range of -1,000 to +30,000 feet. The HEC-
IFH program displays an error message whenever the user enters an elevation value outside

this range.
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2.5.4.2. Zero-Based Tables

Several of the input data tables required by HEC-IFH must begin with zero (0) as the first
value for one or more columns. For example, the flow rate column of a channel rating table
must begin with O. Table 2.1 lists the data entry tables used in HEC-IFH which are required
to begin with zero values in one or more columns.

TABLE 2.1 Zero-Based Data Eniry Tables Used in HEC-IFH

Module Screen ID Variable
RUNOFF RUNO10 Modified Puls Channel Routing Storage
RUNOFF RUNO10 Modified Puls Channel Routing Outflow
POND PONDO4 Interior Ditch Discharge Capacity
GRAVITY GRAV0O3 Tailwater Depth
GRAVITY GRAV03  Flow Capacity
PUMP PUMPO2 Pump Unit Head

EXSTAGE EXST06  Exterior Channel Rating Curve Discharge
EXSTAGE EXST10 Tributary Flow

AUXFLOW AUXF04  Runoff + Auxiliary Inflow

AUXFLOW AUXF04  Diverted Flow

AUXFLOW AUXF06  Drainage Basin Overflow

AUXFLOW AUXFO7  Differential Head

AUXFLOW AUXFQ7  Seepage Inflow

HEC-IFH displays each of these data entry screens with the first value in the table already
set to zero. The program displays a message and changes the first entry to the default
value of zero if the user enters any other value.

2.5.4.3. Monotonically Increasing Independent Variables

Some of the input data tables used in the HEC-IFH program must be "monotonically
increasing". That is, the values of the independent variable should not decrease from one
row of the table to the next. As the user completes a data entry screen for such a table, the
program verifies that the table is monotonically increasing. If not, the program
automatically truncates the table after the last value which increases or remains the same.

2.6. FUNCTION KEYS

While a menu screen, data entry screen, or report display screen is displayed, the first ten
Function Keys perform several standard operations. The Function Keys are located either
on the left side or along the top of the computer keyboard. All operations are not always
available. The available function key operations are displayed at the bottom of each screen.
The available operations may change depending on the screen being displayed or the cursor
position on the screen. The following paragraphs describe each operation.

2.6.1. F1 Help Key: Displaying HEC-IFH Help Screens

The [F1] key opens a "Help Window" which provides instructions or information about the
current data entry field. Figure 2.7 is an example. Pressing again displays a more

general help window for the current screen. Pressing the key removes the help
message and resumes regular program operation.
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RUNOOS

CSA 01.01.00
Study ID RBENDZ ﬂ Runoff Hydrograph Parameters (RUNOFF) ||

Enter Basin Runoff Data

Basin ID UPPER
Upper Sub—basin for App. C example.

Basin Drainage Area (sq mi) 7.50

CLARK UNIT HYDROGRAPH

The Clark Unit Hydrograph method computes a unit hydrograph on the
H|basis of a Time of Concentration, a Watershed Storage Coefficiemt, and
a Time-Area Curve for the sub-basin.

The time—area curve defines the cumulative area of the watershed
contributing runoff to the sub-basin outlet as a function of time

1] (expressed as a proportion of the time of concentration).

This is one of the methods available in HEC-IFH for developing a unit |0
hydrograph for sub-basin runoff computations. The data entry windou is|l
selected by pressing the space bar after positioning to the “Clark

Unit Hydrograph"” option.

Press <F1> or <ESC>

FIGURE 2.7 F1 Help Key Operation

2.6.2. F2 PriScrn Key: Printing Current Computer Screen

The key copies the current text screen image or graphic plot to the printer. The

PrtScrn function is always available, except when the computer is reading or writing disk
files, or performing computations. The program displays an error message if a printer is not

available. Pressing the key removes the error message and resumes regular program

operation.

The [Print Screen] key on the computer keyboard may also be used to print text or graphics

screens on some printers. However, using the HEC-IFH key has several advantages.
These advantages include the following:
e Automatic Page Breaks: HEC-IFH automatically inserts a page break after printing
a graphics screen, and after printing each set of two text screens. Additional page
breaks may be inserted at any time by pressing the key combination.

e Automatic Character Conversions: HEC-IFH can be configured to automatically
convert screen box characters (which are used extensively in HEC-IFH screen
displays) to corresponding characters for printers which do not support the screen
box characters.

Plots may also be printed to a file on disk, which may then be stored for printing later, or
transferred to another computer for printing. To print a plot to a file, press

instead of [F2]. The printer commands necessary to generate the plot will be stored in a file

which is named "GRAPHXXX.EXT" where XXX is a number from 1 to 999. This number is
incremented automatically by the HEC-IFH program, so that up to 999 plot files can be
generated without duplicating file names. The file name extension "EXT" will vary according
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to the type of printer installed. Program configuration settings for printer characteristics are
described in Appendix B.

2.6.3. F3 Index Key: Listing Available IDs

As described in Section 2.4 of this manual, HEC-IFH uses IDs (identifiers) when referring to
groups of related data. For example, all of the precipitation data necessary for a particular
plan analysis would be identified by a Precipitation (PRECIP) Module ID.

When the cursor is located on a ID data entry field, the key opens an "Index Window"

displaying a list of available IDs which may be entered. The index is displayed in
alphabetical order, with the associated descriptions and date/time stamps. You may
highlight an item from the index using the cursor movement keys, and select the item using

the key. Pressing the key removes the index window and resumes regular
program operation without selecting an item. Figure 2.7 illustrates an index window.

PRECO3

C3A 01.91.00
Study ID RBENDZ l] Basin Average Precipitation (PRECIP} H

Specify Composite Precipitation Weightis

Up, Dn, Pgllp, PgDn, Esc or Enter
Description

Gage 1 recorded precip. UWY1950-WY1960
Gage 2 recorded precip. - WY1950-WY1960
Composite precip. for upper sub-basin.

.000000

Press <F10> to Save Data and Return

FIGURE 2.8 F3 Index Key Operation

2.6.4. F4 Goto Key: Movement to a Specified Date/Time Value

When viewing a lengthy set of time-series (chronological) data, the key allows

immediate movement of the cursor to a specific date/time value within the data set. It can
only be used when "4Goto" appears in the function key description bar at the bottom of the
screen. This will always occur when the cursor is positioned within the time-series data
window. If the selected value is not in the data set, the time-series data window will scroll

to the closest date and time that exists in the data set. Pressing the key exits this
operation without change. Figure 2.9 illustrates the Goto option.
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CSA 01.01.080 PRECO2Z
Study ID RBENDZ “ Basin fiverage Precipitation (PRECIP)H
Enter/Import Precipitation Station Data
Precipitation Station ID Dates/Time |Precipitation
Description: DaMonYear /HrMn (in)
010CT1350,0100 .00
Starting Period ‘ 010CT1556,/0200 0.
(e.g. 01JAN1989,1300) 010CT1950,0300 0.
010CT1950/0400 0.
Ending Period 010CT1950,0500 0.
010CT1950/0600 0.
Time Interval 010CT1950,0700 0.
(e.g. 1HOUR, 1DAY, ...) 010CT1956/0800 0.
910CT1950,0900 0.
010CT1950/1000 0.
010CT1950/1100 0.
010CT1950/1200 0.
010CT1950/1300 0.
Go To: 610CT1950/1400 0.
(DaMonYearHritn)
6D0OS ?Inport 8 9Plot
Press <F10> to Save Data and Returnm

FIGURE 2.9 F4 Goto Key Operation

2.6.5. F5 Report Key: Producing Printed Reports

The HEC-IFH program can generate several reports of analysis results. When the program
is displaying Hydrologic Analysis Summary screens or other report screens, the key

allows any selected range of values to be printed in a formatted report. As illustrated in
Figure 2.10, HEC-IFH prompts the user for the starting and ending date/time values for the
report. The default starting and ending date/time is the beginning and ending periods of
the time series displayed on the current report screen. Any range of date/time values which
fall within these date/time values may be entered. The ending date/time value must be
later than the starting date/time value.

The HEC-IFH program can deal with extremely long time series (up to 500,000 time periods
or more) in a Continuous Simulation Analysis. Therefore, some printed reports can be
extremely lengthy. As the starting and ending dates and time change, HEC-IFH computes
and displays the number of pages required for the report. The number of pages depends
upon the number of lines printed on each page. This can be adjusted using the program
configuration options described in Appendix B.

Pressing the key exits the operation without printing.
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CShA 61.01.00

PRECO4
Study ID REENDZ Ehsin Average Precipitation (PRECIP) I]
View Composite Precipitation Pattern
Composite Precipitation Record ID: Units: Cin)
DatesTime Station| Station| Station| Station| Station| Basin
DaMonYear/HrMn ||GAGEL GAGEZ fiverage
160CT1954.0100 0.19 1.13 0.20
0.14
Specify Printed Report Period 0.14
6.22
Report Starting period : LG EESHVIRT] 0.29
(DaMonYearHrMn) 0.22
Report Ending periocd : = EINAGEOPFLTT 0.10
(DaMonYear-Hrin} 0.01
6.63
This is 1949 page(s) at 1HOUR interval .18
0.14
8.03
<Esc> to Abort printing: <F10> to Begin printing
8 9Plot  10Exit
Press <PgDm>, <Pglp> or <F4> for more: <F16> to Return

FIGURE 2.10 Report Key Operation

2.6.6. DOS Key

The [Fe] key suspends operation of the HEC-IFH program temporarily and returms control

to the computer's operating system. Standard operations such as erasing or renaming files
may then be performed. Other small programs may also be executed, although large
programs may exceed available memory limitations. You should not install any memory-
resident ("pop-up”) program after pressing the [F8] key, because this may interfere with

memory controlled by the HEC-IFH program. The DOS EXIT command returns control to
the HEC-IFH program.

2.6.7. Import Key

The [F7] key instructs the HEC-IFH to import a time-series data set from an external HEC-

DSS file. You may enter the HEC-DSS file name and path name (/A/B/C/D/E/F/) parts.
The program displays default HEC-DSS file names and path part names for the import
operation. The default names can be edited as required to specify the exact HEC-DSS file
name and path name parts for data to be imported. Figure 2.11 illustrates the operation of
the key for Continuous Simulation Analysis (CSA). For Hypothetical Event Analysis
(HEA), HEC-IFH allows the user to specify up to 8 different values for Part F of the HEC-
DSS path name. These represent the different storm events which may be analyzed in a
single HEA plan analysis. If one or more storm events will not be used in a particular plan
analysis, the user may enter SKIP for the corresponding Part F. The time series for that
storm event will not be imported. Appendix C contains more information about HEC-DSS
and HEC-IFH data storage.
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CSA 01.01.00 PRECGZ

Study ID RBENDZ ﬂ Basin Average Precipitation (PRECIP) ]I

Enter/Import Precipitation Station Data

Precipitation Station ID Date/Time |Precipitation
Description: DaMon¥earHrMn Cin)
010CT1950,-0100 0.00
Starting Period 010CT1950,0208 0.00
(e.g. 01JAN1989,1300) 010CT1950,0300 0.00
010CT1950.,0400 0.00
0.
Import Data from Exterwnal HEC-DSS File 0.
0.
HEC-DSS File Name 6.
Importing. 90.8 « Complete. 0.
HEC-DSS Path Name 0.
HEC-DSS Path Name 0.
HEC-DSS Path Name 0.
HEC-DSS Path Name 0.
HEC-DSS Path HName 0.
HEC-DSS Path Name ‘
10Exit

Press <F10> to Save Data and Return
FIGURE 2.11 F7 Import Key Operation

2.6.8. F9 Plot Key: Displaying Plots

Screen plots are often available to illustrate tabular or time-series data sets used in the
HEC-IFH program. The [F9] key causes HEC-IFH to display a plot of the current data set, or

a list of available plots. After viewing the screen plot, press the key or key to

restore the previous screen. The key may be used to make a printed copy of the plot if
a printer is on-line.

Several types of plots are available in the HEC-IFH program. Regardless of the type of
graph used, however, all screen plots have the following common characteristics:

1. Horizontal Time Scale: HEC-IFH shows time values on the horizontal axis.
2. Vertical Elevation Scale: The program shows elevation values on the vertical axis.

3. Engineering Scales: HEC-IFH automatically scales numeric labels to reasonable
"engineering” intervals (generally multiples of 2, 4, 5, or 10 units per interval).

4. Multiple Colors: If multiple data sets are displayed on multi-color graphics
adapters (such as EGA or VGA), each data set is in a different color. The program
displays a legend identifying each data set across the top of the plot, immediately
above the data area.

5. Multiple Line Types: If a multi-color graphics adapters is not available, each data
set is in a different line type. (See Appendix B for program configuration options.)

6. Graph Title: The program centers the title of the graph at the top of the screen.
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7. Descriptive Labels: HEC-IFH shows the STUDYID at the upper left corner of the
plot, above the legend line. The MODULEID or data set ID (for input data) or the
PLANID (for output data) is shown on the same line at the upper right corner of the
plot. Examples of data set IDs are STATIONID for Precipitation Station data,
BASINID for Basin Runoff data, and STRUCTUREID for Gravity Outlet data.

Most of the plots produced by HEC-IFH are time-scaled graphics. Time-scaled regular line
graphs may represent various "views” according to the total time span included on the
plot. The program automatically selects the view which will display the entire data set with
the greatest detail possible. The user may then switch from one view to another, if the view
is consistent with the time interval and time span of the data set. The following views are
possible for CSA time-series plots:

1. Up to 100 annual values: Annual values for each water year may represent annual
totals, maxima, minima, or averages, as appropriate for each data set. This is the
default view if the data set covers more than one water year. Figure 2.12 illustrates
a plot of several years' data.

2. Up to 366 Daily Values: Daily values may represent daily totals, maxima, minima,
or averages, as appropriate for each data set. This is the default view if the data set
covers more than one calendar month but not more than one water year. Figure
2.13 illustrates a plot of one year's data.

3. Up to One Month of Computation Interval Values: This is the default view if the
data set is contained within one calendar month. Figure 2.14 illustrates a plot of
one month's data.

4. Up to One Day of Computation Interval Values: Figure 2.15 illustrates a plot of
one day's data.

The plots described in items 3. and 4. listed above are available for HEA time-series plots.

Zooming: Users may zoom from one view of a time-scaled line graph to the next by
pressing the up-arrow or down-arrow arrow keys. In zooming in to a more detailed view,
the time period highlighted on the data entry or report screen will always be included in
the plot. Assume, for example, that a user is browsing through a data set of 30 years of
hourly runoff values, and that the runoff value for 6:00 a.m. July 2, 1955 is highlighted. If
the user requests a plot of the data, the program would first display a plot of all 30 years of
water year annual runoff values. Then, as the user repeatedly pressed the down-arrow key,
the program would step through the following sequence of graphs:

1. 365 daily values for 1955.
2. 744 hourly values for July 1955.
3. 24 hourly values for July 2, 1955.

Pressing a number key followed by an up-arrow or down-arrow key causes the program to
zoom up or down the corresponding number of "levels”. For example, pressing 2 following
by the down-arrow key would instruct the HEC-IFH program to go straight from the plot of
30 annual to the plot of 744 hourly values. This would skip the plot of 365 daily values
altogether.

Repeatedly pressing the up-arrow several times would cause the program to step back
through the sequence of graphs just listed. Optionally, pressing 2 following by up-arrow
would instruct HEC-IFH to retumn directly to the plot of 30 annual values.
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ANNUAL TOTAL PRECIFPITATION
REENDZ2 GAGE1

48 L] 1 T T 1 T T 4 T ¥

as | ‘ : . , ‘ - -

3l - - . » ‘ T

DEPTH (iwn)

s - . . . . . . ‘ .

10 . . . . . . . . : —

L 1 i ] 1 i L 1 L 1

1951 1952 19353 1954 1955 1956 1957 1958 1959 19680

Hater Year

FIGURE 2.12 Example Multi-Year Plot of Annual Values

DPAILY TOTAL PRECIPITATION
RBENDZ2 GAGE1

DEPTH <(in)

Oct Nowv Dec Jan Felb Mar Aprr May Jun Jul Aug Sep
Hater Year 1955

FIGURE 2.13 Example One-Year Plot of Daily Values
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PRECIPITATION
REEND2

GAGE 1

DEPTH (in)

1 ‘ I\ ] 1

1 S 18 is 28 25
October 1954

FIGURE 2.14 Example One-Month Piot of Computation Interval Values

PRECIPITATION
REEND2

GAGE1

DEPTH (iw)

i 2 9 [ 8 1e i= 14 16 18 20
October 18, 1954

FIGURE 2.15 Example One-Day Piot of Computation Interval Values
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Panning: Users may also pan from one time span to the next in the same view by pressing
the right-arrow or left-arrow arrow keys. For example, if the 744 hourly values for July
1955 were displayed, pressing the right-arrow key would cause the program to display the
744 hourly values for August 1955. If the user then returned to the report screen, the
cursor position would be advanced 744 hours to the runoff value for 6:00 a.m. August 2,

1955.

HEC-IFH also allows users to skip several intervening plot screens when panning. This is
done by typing a number followed by a right-arrow or left-arrow key. HEC-IFH then
immediately displays the plot which would be displayed by panning the specified number
of times. For example, if a monthly plot of values for July 1955 is displayed and the user
presses 3 followed by a right-arrow key, HEC-IFH displays the plot of values for October
1955. Up to 999 intervals may be skipped in this way.

2.6.9. F10 Exit Key: Exiting the Current Screen

The key causes the data that has been entered, edited, or imported to be saved and

exits the present screen. If this occurs on a data entry or report screen, this may lead to a
subsequent data entry or report screen. If there are no subsequent screens, it will lead

back to the previous menu. From a menu screen, will call up the next higher level

menu screen. From the main menu screen, it will call up the Study Selection screen, from
which it will exit the program to return to DOS.

2.6.10. Abort Key: Terminating the Current Operation

The key aborts the present operation. If data has been entered, imported, or edited,

the program will ask the user whether the changes should be saved. Valid responses are
(Yes or (N)o, with the default being (N)o. If no data values have been changed, the program

exits the current screen and displays the previous screen. For example, pressing the
key while entering a data value will end the data entry without changing the data value.
The program will also exit the screen if no other values have been changed.

The key combination is a "Super Abort" which immediately exits the HEC-IFH
program.
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Chapter 3.
Basin Average Precipitation

3.1. INTRODUCTION

The HEC-IFH program uses a precipitation hyetograph as the input for all runoff
calculations. Basin average precipitation is either input or computed using gaged data and
transformed to runoff using the unit hydrograph technique. Any of the options used to
specify precipitation produce a hyetograph similar to that shown in Figure 3.1. The
hyetograph represents the total incremental precipitation depth for each computation
interval during the analysis.

Rainfall 3
(inches) 2

Time (hours)

FIGURE 3.1 Precipitation Hyetograph

An HEC-IFH analysis can be based on historical rainfall data or a synthetic storm.
Continuous Simulation Analyses are based on historical or other long-term rainfall data.
The precipitation hyetograph used in the analysis may be based on a single rainfall gage
record that represents basin average precipitation, or a composite rainfall record
computed from the weighted average of up to 5 gage records.

Hypothetical Event Analyses are always based on a standard group of synthetic storm
events. These types of synthetic storms that can be used for Hypothetical Event Analyses
are described below:

1. Hypothetical Frequency Storms, which may be entered by the user or computed
by HEC-IFH, are balanced storm distributions with total rainfall amounts
consistent with specific exceedance frequencies or recurrence intervals.
Hypothetical Event Analyses can consider the 0.2% (500-year), 1% (100-year), 2%
(50-year), 4% (25-year}, 10% (10-year), 20% (5-year), and 50% (2-year) hypothetical
frequency storms.

2. Standard Project Storm, which is applicable to basin areas from 10 to 1,000
square miles located east of 105 degrees longitude, and is determined according to
the criteria discussed in EM 1110-2-1411 (Corps OF ENGINEERS, 1952).

Table 3.1 lists the precipitation options available for each method of analysis.
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TABLE 3.1 Computational Methods for Precipitation

Continuous Hypothetical

Computational Method or Option Simulation Event Analysis
Enter/Import Precipitation Station Data v -
Composite Precipitation Record Computations v -
Hypothetical Frequency Storm Computation - v
Standard Project Storm Computation - v

3.2. CONTINUOUS SIMULATION ANALYSIS

MCAA
Basin Average
Precipitation

(PRECIP)

PRECO2 PRECOS
PRECO3 PRECC4
Precipiation sion _Spectty Composte View Cornposits N etor ot ot
Data P © P Sub-Basin

PLOT
Composite
Precipitation

PLOT

Precipitation Station
Data

FIGURE 3.2 PRECIP Module Structure for Continuous Simulation Analysis

Figure 3.2 shows the structure of the HEC-IFH program user interface which deal with
continuous simulation precipitation data entry, computations, and plotting. As this figure
indicates, the various precipitation options are controlled from a single menu. Figure 3.3
shows the precipitation menu screen for Continuous Simulation Analysis. This menu
provides the following options:

e Option A allows the rainfall gage data to be entered or imported, as described in
Section 3.2.1. Precipitation Station Data beginning on page 31.

e Options B and C are for making composite rainfall computations, as described in
Section 3.2.2. Composite Precipitation Records beginning on page 34.

e Option D specifies the rainfall record to use for each sub-basin. It is described in
Section 3.2.3. Specifying Precipitation Data beginning on page 38.
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MCaA

CSa 01.01.00
Study ID RBENDZ ﬂBasin Average Precipitation (PRECIP) J

Select Option:

A. Enter~Import Precipitation Station Data

B. Specify Composite Precipitation Weights
C. View Composite Precipitation Patterns
D. Assign Precipitation Record for Each Sub-Basin

1Help Z2PrtScr 3 4 5 6003 ? 8 9 10Exit
Press Letter: or use Arrouw Keys and <Enter> to Select

FIGURE 3.3 Precipitation Menu Screen - Continuous Simulation Analysis

3.2.1. Precipitation Station Data

As described previously, historical rainfall data generally consist of rainfall gage records.
The HEC-IFH program allows these data values to be entered directly. To help avoid
situations where long period precipitation time-series data would need to be entered
manually, the HEC-IFH program has the capability to import data from the HEC Data
Storage System (HEC-DSS).

Figure 3.4 illustrates the data entry screen used to enter rainfall gage data for a
Continuous Simulation Analysis. Each gage record must be identified by a unique 8-
character Precipitation Station ID. This ID is used to identify the gage record during
subsequent steps. A 40-character Description may be used to provide further background
information on the precipitation record.

Several rainfall gage record time series may be entered, each one identified by a different
-Precipitation Station ID. When the cursor is on the Precipitation Station ID field, the

key displays a list of previously entered precipitation station IDs. Any of these previous IDs
may be selected, and the corresponding time series precipitation data will be read and
displayed on the screen.

The Starting Period and Ending Period of the gage record must be entered using the
standard HEC-DSS format for date and time. The starting period is the end of the first time
interval, and the ending period is the end of the last time interval in the time series. For
example, a record consisting of hourly values for the month of October 1990 would have a
starting period of 010CT1990/0100 and an ending period of 310CT1990/2400. If the
precipitation record for October 1990 consisted of daily instead of hourly values, the
starting period would be 010CT1990/2400 (the end of the first day), but the ending period
would still be 310CT1990/2400. The ending period must be later than the starting period.
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CSa 01.01.00 PRECGBZ
Study ID RBENDZ Ii Basin Average Precipitation (PRECIP) ﬂ
Enter/Import Precipitation Station Data
Precipitation Station ID Dates/Time |Precipitation
Description: DaMon¥ear/HrMn (in)
100CT1954,0100 0.
Starting Period 100CT1954/0200 0.
(e.g. 01JAN1989.,1300) 100CT1954,0300 0.
100CT1954,0400 0.
Ending Period 100CT1954/0500 0.
100CT1954/0600 0.
Time Interval 100CT1954,/0700 0.
(e.g. 1HOUR, 1DAY, ...) 100CT1954,0800 0.
160CT1954,0900 0.
160CT1954/1000 0.1
100CT1954-1100 0.
100CT1954,1200 0.
160CT1954-1300 0.
160CT1954,1400 0.
Press <F10> to Save Data and Returnm

FIGURE 3.4 Precipitation Record Data Entry Screen

The Time Increment must be entered as a number combined with a unit of time. Time
intervals must be standard HEC-DSS time intervals between 5 minutes and 24 hours. Any
of the following time intervals are acceptable: SMIN, 10MIN, 15MIN, 30MIN, 1HOUR,
2HOUR, 3HOUR, 4HOUR, 6HOUR, 12HOUR, and 1DAY. The time increment must be
consistent with the starting and ending period. For example, a time increment of 2HOUR
would not be consistent with a starting period of 010CT1990/0100. A time increment of
1HOUR would be appropriate for this starting time.

After entering the starting and ending times and time interval, the HEC-IFH program is
ready to receive incremental Precipitation values for each time period. The user may enter
these values or import them from an external HEC-DSS file on disk. All incremental
precipitation values must be equal to or greater than zero (0).

To import a rainfall gage record time series, press the key after entering the time
increment but before entering any precipitation values. As described in Chapter 2, the file
name of the HEC-DSS file and the HEC-DSS path name of the time series must be
provided in order to import data. If the HEC-IFH program cannot locate the specified file or
HEC-DSS path name, an error message is displayed.

The HEC-IFH program checks all imported values to detect missing data. If data values are
missing, the missing data values can be replaced with zeroes, or the import procedure can
be terminated. It is best to deal appropriately with missing data values prior to importing
precipitation data into HEC-IFH.

Pressing the Goto key during data entry instructs HEC-IFH to move directly to any
specified time interval in the time series. This program capability is discussed in Chapter
2.
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REBENDZ2

ANNUAL TOTAL PRECIPITATION
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FIGURE 3.5 Multi-Year Plot of Annual Precipitation Totals
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FIGURE 3.6 One-Day Plot of Periodic Precipitation Values
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After entering or importing rainfall gage records, you may plot the precipitation
hyetograph. Figure 3.5 illustrates a typical annual precipitation hyetograph. I you have
entered enough data values, you may "zoom" to a one-year plot of monthly totals, a one-
month plot of actual values, or a one-day plot of actual values (as shown in Figure 3.6).
From the one-year, one-month, or one-day plots, you may "pan” to plots of different years,
months, or days, if available. The zoom and pan plot options are described in Chapter 2.

3.2.2. Composite Precipitation Records

Composite (weighted) rainfall values are determined when more than one rain gage is
located within or near the watershed. Records from up to 5 rain gages may be used in the
analysis. Before a composite precipitation record can be computed, the rainfall gage
records to be used must already have been entered or imported as described in the
previous section.

A typical situation is illustrated in Figure 3.7. Two rainfall gages are located within the
interior area watershed, while a third is located outside the watershed. For the average
precipitation for the upper portion of the watershed (sub-area A), gage number 2 would
receive the largest weighting, followed by gage number 3 and then gage number 1. For
sub-area B, gage number 1 would be assigned the largest weighting factor, while gage
numbers 2 and 3 would receive approximately equal weightings. The weightings can be
determined using the Thiessen polygon method.

—— Rain Gage 3

Line of Protection
SsateRseATsaeaaat

sea78e g,
Pt i

Upper interior
- Sub-Basin - &
Lower Interior \,\/‘\ Rain G"ge}
SreamGage % Sub-Basin -
win Gage 1
Rain Gage 1

Rainfaill Rainfall Rainfall

Time Time  Time
FIGURE 3.7 lllustration of Multiple Rain Gages for Computing Composite Precipitation

Weightings for both storm total rainfall and rainfall distribution can be specified. The
rainfall total for a sub-basin may be computed as the weighted average of totals from
several rainfall gages:
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n
> PRCPN, x WIN,
PRCPA = &1

TWIN, G.1)
=1

in which:

PRCPA = the sub-basin average total precipitation
PRCPN; = the total precipitation for gage J

WTN; = the relative weight for gage J

n = the number of gages

The rainfall distribution or temporal pattern, indicates how the total rainfall is distributed
throughout the storm. The temporal rainfall distribution is computed as a weighted
average of temporal patterns from recording stations:

n
Y. PRCPR;; x WIR,
J=1

PRCP; = —

SWIR; (3.2
J=1

in which:

PRCP, = the basin-average precipitation for time interval I

PRCPRy; = the recording station precipitation for time interval I and gage J

WIR; = the relative weight for gage J

Caution should be used when averaging temporal distributions because the maximum
storm rainfall intensity may be sharply reduced.

The composite basin average rainfall hyetograph is computed using the computed rainfall
distribution, PRCP, to distribute the computed total rainfall, PRCPA.

3.2.2.1. Specifying Composite Precipitation Weighfts

Figure 3.8 shows the data entry screen used to specify the data necessary to compute a
composite rainfall record for a Continuous Simulation Analysis. Like all rainfall records,
the composite rainfall record must be identified by a unique 8-character Precipitation
Record ID. This ID is used later when specifying which gage record will be used for each
computation. The 40-character Description may be used to provide additional descriptive
information.

After the record ID and description are entered, up to 5 precipitation stations may be
selected for the composite computation. Previously defined precipitation station IDs are
entered or selected from the list of available precipitation station IDs presented when the
Index key is pressed. As each station ID is entered, the HEC-IFH program

automatically lists the time increment and 40-character description of the rainfall gage
record. This information helps ensure that the correct gages are specified.

The Total Precipitation Weight and Distribution Weight for each gage must be entered.
These weights may be entered in any convenient units. Although the total weights are
listed for each column, the totals are not required to equal any certain number such as
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1.00 or 100%. The actual weight used for each gage will be computed as the gage weight
divided by the total of all gage weights. All values must be greater than or equal to zero (0).

C3Sn 01.01.00 PRECO3
Study ID RBENDZ ﬂ Basin Average Precipitation (PRECIP) ]
Specify Composite Precipitation Ueights
Composite Precipitation Record ID [llggis
oS n S 1L IConposite precip. for upper sub-basin.
Precip. Time Total |Distri-
Station | Interval Precip. bution
ID Description Ueight | Ueight

3AGE1 1HOUR Gage 1 recorded precip. UWY1950-UY¥1360
GAGEZ 1HOUR Gage 2 recorded precip. — WY1950-UY1960

Total:

ZPrtSer 3FIndex 4 5 (SHIIN 7 8 3 16Exit
Press <F16> to Save Data and Return

1Help

FIGURE 3.8 Composite Basin Average Precipitation Data Entry Screen

After the composite precipitation weights are specified on this screen, the resulting
composite precipitation pattern may be viewed as described in the next section.

3.2.22. Viewing Composite Precipitation Pafterns

Figure 3.9 shows the screen used to view a computed composite precipitation pattern for
Continuous Simulation Analysis. A similar screen is available for a Hypothetical Event
Analysis. The screen provides a place to enter the Composite Record ID at the top of the
screen. This composite record must have already been specified as described in the
previous section. If the composite precipitation has not been previously computed, some
time delay may result while the program computes the entire composite precipitation
pattern.

After the composite precipitation pattern is computed, the screen displays the computed
basin average rainfall value for each time interval. The corresponding rainfall values for
each gage used in the computation are also listed. The starting time of the composite
precipitation record equals the latest starting time of any of the gages used in the
composite computation. Similarly, the ending time equals the earliest ending time of any of
the gages. The shortest time interval of the various gage records is used as the time
interval of the composite record.

The Goto key is available for this table, and a printed report is available by pressing the
Report key as described in Chapter 2.

After entering or importing rainfall gage records, you may plot the composite precipitation
pattern and the individual gage records. Figure 3.10 illustrates a typical annual composite
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precipitation hyetograph. On a color computer monitor, the composite precipitation and
each of the individual gage records would be plotted in a different color.

CSa 01.01.00 PRECO4
Study ID RBENDZ ﬂBasin Average Precipitation (PBECIP)ﬂ
View Composite Precipitation Pattern
Composite Precipitation Record ID: Units: Cin)
DatesTime Station| Station| Station| Station| Station} Basin
DaMon¥ear/HrMn||GAGE1 GAGEZ Average
100CT1954-0100 .19 1.13 0.20
160CT1954./0200 6.13 0.38 8.14
100CT1954.-0300 6.13 0.28 0.14
160CT1954./0400 0.21 8.12 6.22
160CT1954.-0560 0.28 8.23 .29
100CT1954./0600 6.21 0.17 .22
100CT1954/0700 .16 0.22 0.10
160CT1954/0806 0.01 8.02 0.61
160CT1954/0906 6.03 6.02 0.603
100CT1954.,1600 0.17? 98.06 0.18
160CT1954/1100 0.14 0.05 0.14
100CT1954-1200 0.03 0.00 ©.03
1Help ZPrtScr 3Index 4Goto SReport 6DOS Ks (5] 9Plot 10Exit
Press <PgDn>, <{Pglp> or <F4> for more: <F10> to Return
FIGURE 3.9 Composite Storm Table
ANNUAL TOTAL COMPOSITE FPRECIPITATION
REEND2 UPFER
- GAGE1 veno. GRAGE2 -« JUPPER
a5 1l Ll 1 ¥ ¥ 1 T 1 1 1
30 -.-......”.......; " g o T Emm——— | . " " =
35 | it -~
30 - “ -__.-“.""""‘”:,‘""' v » - A R ittt [ St .—--:
E s | | et ] .
-
2 =20 - . . . . . : . o
A
s | - - - - : - - B
16 -1
5 e -
e 1 1 1 1 1 1 L 1 1 1

1951 1952 1953 1954 195S 1956 1957 1958 1959 1968

Hater Year

FIGURE 3.10 Multi-Year Piot of Composite Precipitation Annual Totals
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If you have entered enough data values, you may "zoom" to a one-year plot of daily totals
or a one-month or one-day plot of actual values (as shown in Figure 3.11). From the one-
year, one-month, or one-day plots, you may "pan” to plots of different years, months, or
days, if available. The zoom and pan plot options are described in Chapter 2.

COMPOSITE PRECIPITATION
RBEND2 UPPER
—GRAGE1 vour GAGEZ2 .. UPPER

Depth (in)

1 2 q [ 8 1e 12 14 16 18 20 22 249

Octobeyr 18, 1954

FIGURE 3.11 One-Day Plot of Composite Precipitation

3.2.3. Specifying Precipitation Data

Rainfall data may be required for up to two sub-basins for the interior analysis. Therefore,
the user must specify which precipitation gage or composite precipitation station will be
used for basin average precipitation for each sub-basin. These sub-basins include:

1. The Lower Sub-Basin: An interior sub-basin which directly contributes to flow
behind the line-of-protection.

2. The Upper Sub-Basin: An optional interior sub-basin producing runoff may be
routed through a channel segment to the line-of-protection.

Figure 3.12 illustrates the lower and upper interior sub-basins. Figure 3.13 illustrates the
screen used to specify the precipitation data which will be used to determine runoff during
Continuous Simulation for each interior sub-basin.
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Line of Protection
AT DI iy

Main River

Upper Interior
Sub-Basin

Lower Interior \/\/‘\
Stream Gage Sub-Basin

FIGURE 3.12 Lower and Upper Interior Sub-Basins

CSA 01.61.00 PRECO5
Study ID BRBENDZ ﬂ Basin Average Precipitation (PBECIP)H
Assign Precipitation Record for Each Sub-Basin
Module ID PRECIP1
e d)ada WlPrecip. data for Aapp. C.
Precipitation
Sub-Basin Station ID Description
Lover Interior GAGEZ Gage 2 recorded precip. — WY1950-UY19660
Upper Interior PPER Composite precip. for upper sub-basin.
1elp ZPrtScr 3Index 4 5 6Db0sS 7 8 3 10Exit
Press <F10> to Save Data and Return

FIGURE 3.13 Continuous Simulation Precipitation Data Specification Screen
Like other HEC-IFH data entry modules, the PRECIP module data is defined using a
Module ID. Several PRECIP module data sets may be defined using different IDs. When the
cursor is on the Module ID field, the [F3] key displays a list of previously defined IDs. Any of
these previously defined IDs may be selected, and the corresponding data will be displayed
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on the screen and may be edited. The 40-character Description provides documentation for
each PRECIP Module data set.
The Continuous Simulation PRECIP module data includes up to two Precipitation Station

IDs (one for the optional upper interior sub-basin and the other for the lower interior sub-
basin). These Station IDs may represent actual rainfall gage records, or a composite

precipitation record. When the cursor is on each ID field, the key displays a list of
previously defined Precipitation Station IDs. Any of these previously defined IDs may be

selected. As each ID is entered, the HEC-IFH program displays the 40-character description
for that ID. This helps the user to verify that the program is using the correct data.

The user may reenter the PRECIP module later in order to change the ID for each
Precipitation Station. Additional rainfall gage records may also be entered or computed
using new IDs.

3.3. HYPOTHETICAL EVENT ANALYSES

As noted earlier in this chapter, HEC-IFH provides 2 options for computing rainfall data for
Hypothetical Event Analyses. These synthetic storm methods include the hypothetical
frequency storm distribution and the Corps of Engineers Standard Project Storm, which are
similar to the synthetic storms implemented in the HEC-1 computer program (HEC, 1990).

Figure 3.14 illustrates the main data entry screen for the Hypothetical Event Analysis
PRECIP module. The Hypothetical Event Analysis precipitation data is stored under a
Module ID. Several PRECIP module data sets may be stored under different IDs. When the

cursor is on the Module ID field, the key displays a list of previously defined IDs. Any of
these previous IDs may be selected, and the corresponding data will be loaded for editing.
The 40-character Description provides documentation for each PRECIP Module data set.

The Storm Area is the total area over which the storm occurs. It must be greater than zero,
and it may exceed the drainage area of the sub-basin.

The rainfall depths which are provided to HEC-IFH are "point" rainfall depths - they are
directly applicable for storm areas of less than 10 square miles. For larger storm areas,
HEC-IFH automatically adjusts the point precipitation values to the basin average for the
actual area of the storm using the following equation [HERSHFIELD, 1961, FIG. 15].

FACTOR = 1 - BVx (1-EXP(-0.015 x AREA)) (3.3)
in which:
FACTOR is the coefficient used to adjust point rainfall.

BV is the maximum reduction of point rainfall (from Table 3.2).

AREA is the storm area in square miles. A value greater than zero (0) must be entered.

TABLE 3.2 Point-to-Area Rainfall Conversion Factors
Duration (hours) 0.5 1 3 6 24 48 96 168 240
BV 048 0.35 0.22 0.17 0.09 0.068 0.055 0.049 0.044

Source: Table 3.4 of the HEC-1 Users Manual [HEC, 1990]
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HEA 61.01.00° MDAA+
Study ID SILVERCR " Basin Average Precipitation (PRECIP) "
Module Id
o n S iast lMPrecip. depth-duration data.
Storm firea (sq mni) 15.00
Type of Series = [Amuall Partial
Time Interval (e.g., 1HOUR, 1DAY)
= NOTE: ANNUAL - Convert Rainfall from Partial to Annual
PARTIAL - No Conversion
lHelp ZPrtScr 3Index 4 5 6D00S ? 8 9 10Exit
Press <F19> to Proceed to the Menu

FIGURE 3.14 Hypothetical Event Analysis Data Entry Screen

Computed precipitation depths may be based on two Types of Series or frequency
analyses: Annual series and Partial-duration series. An annual series frequency analysis
is based on the largest rainfall event for each year. A partial-duration series frequency
analysis includes all independent rainfall events above a base value and may include more
than one event per year. Hypothetical frequency storms may be either partial or annual
series based on the intended application of resulting discharge frequency relationships.
However, precipitation depths obtained from TP-40 [HERSHFIELD, 1961] and TP-49 [MILLER,
1964] are based on partial-duration analyses. If the "annual” type of series is selected,
HEC-IFH automatically converts precipitation depths from partial-duration series to
annual series using the factors given in Table 3.3. When "partial” series is selected, the
adjustments in Table 3.3 are not applied.

TABLE 3.3 Particl-Duration to Equivalent Annual Series Conversion Factors

Storm Recurrence Interval Storm Frequency Conversion Factor
2 years 50% 0.88
5 years 20% 0.96
10 years 10% 0.99

Source: [Hershfield, 1961, Table 2]

The Time Increment is the interval between each successive ordinate of the computed
storm distribution. It must be entered as a number combined with a unit of time. Time
intervals must be between 5 minutes and 24 hours. Any of the following time intervals are
acceptable: 5MIN, 10MIN, 15MIN, 30MIN, 1HOUR, 2HOUR, 3HOUR, 4HOUR, 6HOUR,
12HOUR, and 1DAY. For best results, the time increment specified should be equal to or
less than the computation interval of the analysis.

Figure 3.15 illustrates the menu screen which controls the data entry and display options
for Hypothetical Event Analysis precipitation data. Option A on this menu allows the user
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to enter the data necessary to compute hypothetical frequency and Standard Project Storm
distributions. Option B allows the user to enter or import hypothetical (or historical) storm
data for the analysis. Option C displays the computed or entered storm distributions.

HEA 01.01.00 MDAA
Study ID SILUVERCR ﬂ Basin Average Precipitation (PRECIP) J]

Module ID STORM1

Select Option:

fi. Enter Data to Compute Hypothetical Storms

B. Enter/Import Hypothetical Storms
C. View Table of Storm Distribution

iHelp ZPrtScr 3 4 5 6D0S 2 8 ) 10Exit
Press Letter: or use Arrow Keys and <Enter> to Select

FIGURE 3.15 Hypothetical Event Analysis Precipitation Menu Screen

3.3.1. Computing Hypothetical Storms

Hypothetical frequency or Standard Project storms may be computed by the HEC-IFH
Hypothetical Event Analysis method. The hypothetical frequency storm computation used
in the HEC-IFH program is very similar to that used in the HEC-1 computer program
[HEC, 1990]. There is one difference, however: the HEC-IFH program does not utilize the
depth-area reduction procedure of generating index hydrographs and interpolating the
runoff hydrograph at combination points within the stream system. Such a procedure is
not necessary for the simple stream systems considered when using HEC-IFH.

3.3.1.1. Computing Hypothetical Frequency Storms

A synthetic storm of any valid duration from 5 minutes to 10 days can be generated. The
following storm durations are valid: 5 or 15 minutes; 1, 2, 3, 6, 12, or 24 hours; and 2, 4,
7, or 10 days. Figure 3.14 shows the data entry screen used to provide hypothetical
frequency storm depth-duration-frequency data for an HEC-IFH Hypothetical Event
Analysis. Since HEC-IFH can compute rainfall distributions for several storms ranging
from 50% to 0.2% frequency, the rainfall depths for any or all of these storm frequencies
may be entered. The advantage to this is that an interior elevation-frequency relationship
can be determined directly during a single HEC-IFH analysis.

To compute a synthetic storm distribution, HEC-IFH requires the Rainfall Depth for each
of the Durations listed, beginning at the specified time increment and continuing through
the total storm duration. For example, to generate a hypothetical storm with a duration of
24 hours and a time interval of 1 hour, the precipitation depths for durations of 1, 2, 3, 6,
12, and 24 hours must be entered.
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Modul

HEA 01.01.00
Study ID SILUERCR ﬂBasin Average Precipitation (PRECIP) ﬂ

PREC®6

e ID STORM1
Enter Partial-Duration Rainfall Depth-Duration-Frequency Data

Duration 50 207 10 4~ 2 17

Rainfall Depth (in) for each Hypothetical Event

5 minutes
15 minutes

2 hours
3 hours
6 hours
12 hours
Z24 hours
2 days
4 days
? days
10 days

o
3

1 hour

coooLLNNNLOS
coooswLNNEOO
cocossunnNoo
coconswuNNDD
coconnsvLNeSD

0.
0. g.
1. 3.
1. 3.
2. 4.
2. 4.
2. 5.
2. 6.
0. 0.
0. 6.
0. 0.
0. Q.

1Help

ZPrtScr 3 4 6D0S 7 8 10Exit
Fress <F106> to Save Data and Continue

FIGURE

3.16 Hypothetical Frequency Storm Depth-Duration-Frequency Data Eniry Screen

The rainfall depths for a storm event of a particular frequency and duration vary according

to the

climate of the area. The National Weather Service (NWS} has compiled statistical

data on historical rainfall amounts for most of the United States. This information is

availab
1.

le in the following documents:

U.S. Weather Bureau Technical Paper No. 40 (TP-40) presents standard
precipitation-frequency information for rainfall events with durations of 30 minutes
to 24 hours and return periods of 1 year to 100 years. The data is presented in a
series of 49 isopluvial maps, each of which illustrates rainfall depth contours for a
particular storm frequency and duration. While TP-40 provides rainfall data for the
entire coterminous United States, it has been shown to be inadequate for areas
west of 105 degrees longitude (about the location of Denver) because it does not
address the effects of topography on rainfall events. However, TP-40 is still
considered to be valid for the central and eastern United States.

National Oceanic and Atmospheric Administration (NOAA) Technical
Memorandum NWS HYDRO-35 lists rainfall depths for storm durations of 5
minutes to 60 minutes and storm recurrence intervals of 2 years to 100 years. The
isopluvial maps presented in HYDRO-35 cover only the central and eastern
portions of the United States, the same areas for which TP-40 is considered to be
valid. HYDRO-35 also contains equations for computing rainfall depths for
intermediate frequencies and durations. HYDRO-35 supersedes TP-40 for durations
of 60 minutes or less.

Weather Bureau Technical Paper No. 49 (TP-49), which lists rainfall depths for
storm durations of 2 days to 10 days.

NOAA Atlas 2, "Precipitation-Frequency Atlas of the Western United States,"
was published in 1973 to provide refined rainfall data for the 11 states west of
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about 103 degrees longitude. Each volume of this atlas contains 6-hour and 24-
hour precipitation depths for return periods of from 2 years to 100 years. Also
included are methods and nomograms for estimating rainfall depths for durations
other than 6 hours and 24 hours. This publication differs from TP-40 in that it
accounts for the effects of topography on precipitation-frequency values.

Table 3.4 summarizes the available sources of rainfall data in the eastern United States.
Local drainage authorities may specify the rainfall amounts which should be used in their
area.

TABLE 3.4 References for Required Rainfall Data

Storm Duration Reference

5 minutes NWS Hydro-Meteorological Report No. 35, Figures 6 and 7
15 minutes NWS Hydro-Meteorological Report No. 35, Figures 8 and 9
60 minutes NWS Hydro-Meteorological Report No. 35, Figures 4 and 5
2 hours Weather Bureau Technical Paper No. 40, Charts 15-21
3 hours Weather Bureau Technical Paper No. 40, Charts 22-28
6 hours Weather Bureau Technical Paper No. 40, Charts 29-35
12 hours Weather Bureau Technical Paper No. 40, Charts 36-42
24 hours Weather Bureau Technical Paper No. 40, Charts 43-49
48 hours (2 days) Weather Bureau Technical Paper No. 49, Figures 12-17
4 days Weather Bureau Technical Paper No. 49, Figures 18-23
7 days Weather Bureau Technical Paper No. 49, Figures 24-29
10 days Weather Bureau Technical Paper No. 49, Figures 30-35

Note: This table apply only for areas of the United States east of the 105th meridian {which
passes through Denver, CO). West of this longitude, NOAA Atlas 2 should be used.

The standard Corps of Engineers hypothetical storm distribution is called a "balanced”
distribution because the maximum rainfall depths for all time intervals less than or equal
to the total storm duration have a consistent exceedance frequency or return period.

5
4
2-Year Return Period
Rainfall 3
(inches) 24-Hour Duration
2
1-Hour Interval

Time (hours)

FIGURE 3.17 Hypothetical Frequency Storm

Cumulative precipitation for each time interval is computed by log-log interpolation of
depths from the depth-duration data. Incremental precipitation is then computed and
rearranged so that the largest value occurs during the time interval immediately following
the midpoint of the storm duration. The second largest value precedes the largest value,




Interior Flood Hydrology (HEC-IFH) User's Manual CHAPTER 3: Basin Average Precipitation

the third largest value follows the largest value, the fourth largest precedes the second
largest, etc. Figure 3.17 illustrates such a pattern.

3.3.1.2 Computing Standard Project Storms

The HEC-IFH program allows the user to compute an SPS using the same Standard Project
Storm computation method utilized in the HEC-1 computer program [HEC, 1990]. The
procedure for computing SPS utilized in HEC-IFH is applicable to basins with drainage
areas of 10 to 1,000 square miles located east of 105 degrees longitude (which passes
through Denver, CO). Figure 3.18 illustrates the data entry screen used to enter Standard
Project Storm data.

HEA 01.01.00 PRECOS
Study ID SILVERCR l Basin Average Precipitation (PRECIP) ]]
Module ID STORM1
Enter Standard Project Storm (SPS) Rainfall Data

Standard Project Index Precipitation (in)

STORM Reduction Coefficent (Shape Factor) 1.0000060
1Help 2Z2PrtScr 3 4 5 6b0S ? 8 9 10Exit

Press <F10> to Save Data and Return

FIGURE 3.18 Standard Project Storm Data Entry Screen

The Standard Project Index Precipitation, SPFE, and the STORM Reduction Coefficient
or Shape Factor, TRSPC, are both determined by referring to manual EM-1110-2-1411
[Corps OF ENGINEERS, 1952]. SPFE must be greater than or equal to 6, while TRSPC must be
greater than Q.

The HEC-IFH program uses the input data to determine a total storm depth. This depth is

distributed over a 96-hour duration based on the following formulas which were derived
from design charts in manual EM-1110-2-1411 [CORPS OF ENGINEERS, 1952]:

R24HR(1) = 3.5 3.4a
R24HR(2) = 15.5 3.4b
R24HR(3) = 182.15 - 14.3537 x In(TRSDA + 80) 3.4c
R24HR(4) = 6.0 3.4d

where R24HR() is the percent of the index precipitation occurring during the Ith 24-hour
period. Figure 3.19 illustrates the four 24-hour precipitation periods for SPS

computations.
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100% 100%

(see equation 3.4¢)

Percent of
24-Hour
Precipitation

Percent of
9é6-Hour iIndex
Precipitation

% 0% =
Consecutive 24-Hour Periods Consecutive 6-Hour Periods
FIGURE 3.19 SPS 24-Hour Rainfall as a FIGURE 3.20 SPS 6-Hour Rainfall as a
Percentage of Index Precipitation Percentage of 24-Hour Rainfall (for SPFE = 10

in)

The program also divides each 24-hour period into four 6-hour periods. The ratio of the
24-hour precipitation occurring during each 6-hour period is calculated as

R6HR(2) = 0.055(SPFE - 6.0)0-51 3.5a
R6HR(3) = 13.42(SPFE + 11.0)093 3.5b
R6HR(4) = 0.5[1 - R6HR(3) - R6HR(2)] + 0.0165 3.5¢
R6HR(1) = R6HR(4) - 0.033 3.5d

where R6HR(D is the ratio of 24-hour precipitation occurring during the Ith 6-hour period
and SPFE is the index precipitation in inches. Figure 3.20 illustrates the distribution of 6-
hour rainfall amounts within 24-hour periods. For values of SPFE greater than 41.3
inches, the second 24-hour period contains the largest precipitation depth.

HEC-IFH computes the precipitation for each time interval, except during the peak 6-hour
period, as:

PRCP =0.01 x R24HR x R6HR x SPFE x (TRHR/6) 3.6

where TRHR is the computation time interval in hours. This concept is illustrated in Figure
3.21.

100% 100%
Percent of Percent of
&Hour Peak 6-Hour
Precipitation Precipitation 36%
167% 167% 167% 167% 167% 16.7% 10%

o 0%
Consecutive 1-Hour Periods Consecutive 1-Hour Periods
FIGURE 3.21 SPS 1-Hour Rainfall in Non-Peak FIGURE 3.22 SPS 1-Hour Rainfall in Peak 6-
6-Hour Periods Hour Periods

The program distributes the peak 6-hour precipitation of each day according to the
percentages listed in Table 3.5 and illustrated in Figure 3.22. When the time interval is
larger than 1 hour, the percentage for the peak time interval is the sum of the highest
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percentages. For example, the values for a 2-hour time interval are (14+12)%, (38+15)%,
and (11+10)%. Acceptable computation timer intervals greater than or equal to 1 hour are
1,2, 3, 4, 6, and 24 hours.

TABLE 3.5 Distribution of Maximum 6-Hour SPS in Percent of 6-Hour Amount

Duration (Hours) EM 1110-2-1411 Criteria (Default)

10%
12%
15%
38%
14%
11%

O UL WO N

If time intervals less than one hour are used, the peak 1-hour precipitation is distributed
according to the percentages in Table 3.6. Acceptable computation time intervals less than
1 hour are 5, 10, 15, and 30 minutes.

TABLE 3.6 Distribution of Maximum 1-Hour SPS

Duration Percent of Maximum 1-hour Accumulated
{minutes) Precipitation in Each Time Interval Percent of Precipitation

5 3% 3%

10 4% 7%

15 5% 12%

20 6% 18%

25 9% 27%

30 17% 44%

35 25% 69%

40 11% 80%

45 8% 88%

50 5% 93%

55 4% 97%

60 3% 100%

Note: This distribution is based on the distribution of 100-yr precipitation at St. Louis,
MO. from NOAA Technical Memorandum NWS Hydro-35.

Precipitation

o 24 48 72 96
Time (Hours)

FIGURE 3.23 Typical SPS Precipitation Distribution
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For all intervals, the interval with the largest percentage is preceded by the second largest
and followed by the third largest. The second largest percentage is preceded by the fourth
largest, the third largest percentage is followed by the fifth largest, etc. Figure 3.23
illustrates a typical precipitation hyetograph for an entire 96-hour Standard Project Storm
event, assuming a one-hour computation titne interval.

3.3.2. Entering or Importing Hypothetical Storms

The HEC-IFH program allows the user to enter hypothetical frequency and/or Standard
Project storms if temporal distributions other than the standard Corps of Engineers
distributions are desired. After selecting option B: "Enter/Import Hypothetical Storms", the
data entry screen illustrated in Figure 3.24 appears. This screen allows incremental
precipitation depths to be entered for each time interval for the full storm duration, for all
desired hypothetical storms. Hypothetical storm incremental rainfall can also be imported
from an external HEC-DSS file. If hypothetical storm depth-duration-frequency data
and/or Standard Project storm data have previously been specified, the computed storm
depth values will be displayed, and may be manually edited by the user.

Incremnental precipitation values for an historical storm can also be entered or imported in
the SPS column, if desired. However, if this is done, the user should be aware that this
storm and associated runoff will be labeled "SPS" or "SPF" in tables and on plots.

HEA 01.01.00 PREC10
Study ID SILUERCR ﬂ Basin Average Precipitation (PRECIP) J
Module ID STORM1
Enter/Import Huypothetical Storms
Time Interval  1HOUR Number of intervals [JJER
Precipitation (in) for each Hypothetical Frequency and SP3

DasHrMn 50 207, 10 b 74 2% 14 SPSAHist

1-0100

10200

1-6300

1,0400
1,6500
1,6600
1-6700
1,0800

(oo RoloBolololo]
SO0 O

Select Option:

fi. Plot Storm Hyetographs

B. Plot Raiwfall Mass Curves

0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.

OO
(o= T e o> B o= B s B Qe B B s N e Y e B =

8. 0.
0. 0.
0. 0.
G. 0.
0. 0.
0. 0.
0. 0.
0. 0.
0. 0.
0. 0.
0. 0.
0. 0.

Position with <PgDn>, <PgUp>, <Dn>, <Up>, <Home>, <End>

FIGURE 3.24 Hypothetical Frequency Storm Values Data Entry Screen

The Goto key is available for this data entry screen, and a printed report is available by
pressing the Report key as described in Chapter 2. You may plot the hypothetical

precipitation patterns by pressing the [F9] Plot key and selecting one of the following from a
menu:

A) Plot Storm Hydrographs




Interior Flood Hydrology (HEC-IFH) User's Manual CHAPTER 3: Basin Average Precipitation

B) Plot Mass Rainfall Curves

For both of these types of plots, any or all of the available storm events may be plotted.
Figure 3.25 illustrates the window which controls which storm events will appear on the
plot. To plot a particular hypothetical storm event, enter "Y" in the corresponding box on
this window.

HEA 01.01.00 PREC10
Study ID SILVERCR ﬂ Basin Average Precipitation (PRECIP) ﬂ
Module ID STORM1
Enter/Import Hypothetical Storms
Time Interval  1HOUR Number of intervals [JEZ
Precipitation (in) for each Hypothetical Freguency and SP3

Da/HrMn 50 207, 10~ 4 2 1~ 0.22 |SPS-Hist

1,0100

1,/0200

1,0300
1,0400
1,6500
1/0600
1,0700
1,0800

[=ldio ool Nl ol
[alololoNoNoNoN ol
[N cloNoNoRaNoN ol

Select Flood Events

OO OLOLLOOO
DO OO OD

leRoloRololololololololo]

50~ 20 10 4 2» 1~ 0.2~ SPF

B B B 8 O B ¥
Position with <PgDhn>, <Pglp>, <Dn>, <Up>, <Home>, <End>

FIGURE 3.25 Storm Events Plot Menu

Storm Hydrographs are plots of the incremental precipitation depths for the storm. The
initial storm hydrograph plot (Figure 3.26) shows the entire storm event, which may
extend over several days. On a color computer monitor, each storm event would be plotted
using a different color. If you have entered enough data values, you may "zoom™ to a one-
day plot of periodic totals (Figure 3.27). From the one-day plot, you may "pan” to plots of
different days, if available. The zoom and pan plot options are described in Chapter 2.

Mass Rainfall Curves are plots of the cumulative precipitation depths for the storm. The
initial mass rainfall curve, which is illustrated in Figure 3.28 shows the entire storm event.
You may also "zoom" to a one-day mass rainfall curve, which is illustrated in Figure 3.29,
and "pan” between adjacent one-day plots using the methods described in Chapter 2. On a
color computer monitor, each storm event would be plotted using a different color.
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PRECIPITATION
SILVERCR STORM1
—aa — 1 - —ax J—- 1 I & 8.2/ __SPS

3.5 . : . . . :

Depth (in)

. Y . o

-] 1 2 3 9

Time <(Days)

FIGURE 3.26 Piot of Entire Storm Hydrographs

PRECIPITATION
SILUVERCR STORM1
—D0Y — Y — 18 3 2% — i~ B .27 - SPS

s —r—pvn—1r

Depth (in)

a 2 9 e a8 i1e 12 14 16 18 =280 22 249

Dauy 1 <(Hours)

FIGURE 3.27 Plot of Daily Storm Hydrographs
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MASS RAINFALL CURVE
SILVERCR STORM1
— 8 - - ¥ — 18 —as a7 — Az — .27 ——SPS

14 r . . . . r
13 + : . . .
1z |

i1 p

w
]
T

Irepth (in)

2 3 4

@ N W & 0 N @O @

Time <(Daus)

FIGURE 3.28 Plot of Entire Mass Rainfall Curves

MASS RAINFALL CURVE
SILUVERCR STORM1
- —-- - 4 — 10 a7 —27 1~ —9.2% —.SPS

14 T T T T T T T T v T T T T T T T v T T T T T
13 . g g . . g . . . - -
iz + . : . B . - . g . -1

11 ‘ - ‘ , ‘ . ‘ . : .

-

e
T

1

Depth (in)

O B N G & U0 4 09

a2 2 4 e 8 18 12 14 16 18 20 22 24

Day 1 <(Hours)

FIGURE 3.29 Plot of Daily Mass Rainfall Curves
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3.3.3. Viewing Storm Distributions

Figure 3.30 shows the screen used in the HEC-IFH program to display the entered or
computed hypothetical frequency storm distributions for a Hypothetical Event Analysis.

HEf 01.01.00
Study ID SILVERCR

“ﬁBasin fiverage Precipitation (PRECIP) ﬂ

PRECO1

Module ID STORM1

ANNUAL series

View Table of Storm Distribution

Storn Area: 15.00 (sq mi)

Precipitation (in) for each Hypothetical Frequency and SPS

Da/HrMn 50 207 10 47 2~ 1~ 9.2x SPS
1,0100 0.01 0.03 0.03 0.04 0.05 0.05 0.04 0.00
1,0200 9.01 0.03 0.04 0.04 0.05 0.05 0.04 0.00
1-6300 0.01 0.94 0.04 0.05 0.05 0.05 0.05 0.00
10400 0.02 0.04 0.04 0.05 0.06 0.06 0.65 0.00
1,0500 8.02 6.04 0.05 0.6 8.0? 0.07? 0.06 0.60
1,6600 06.02 0.65 0.05 0.66 0.67 6.67 0.06 0.00
1,0760 0.02 6.65 0.07 0.07 0.10 6.10 0.13 6.01
1-0800 0.03 6.06 0.08 0.08 6.11 0.12 0.14 0.01

0.10 0.13 0.14 6.1?7 6.01

Select Option: 0.17 6.16 8.19 0.20 0.01
0.24 8.22 8.26 0.28 8.01

0.42 0.42 06.52 8.44 0.01

B. Plot Rainfall Mass Curves

Position with <Pgbmn>, <Pglp>, <Pn>, <Up>, <Home>, <End>

10Exit

FIGURE 3.30 Computed Hypothetical Storm Distributions

After the hypothetical storm patterns are computed, the screen displays the computed
basin average rainfall value for each time interval. The Goto key is available for this

table, and a printed report is available by pressing the Report key as described in

Chapter 2. You may plot the hypothetical precipitation patterns by pressing the [Fo] Plot
key and selecting one of the following from a menu. The plot options operate exactly as

described in the previous section.
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CHAPTER 4.
Runoff Hydrographs

4.1. INTRODUCTION

HEC-IFH can use specified loss rates, unit hydrographs, and channel routing methods to
compute runoff hydrographs for interior and exterior sub-basins.

A maximum of two interior sub-basins may be analyzed in a single plan analysis. These
sub-basins are the upper and lower portions of the interior watershed. A single channel
routing reach through the lower portion of the interior watershed is allowed. Rainfall-
runoff ca also be analyzed for the exterior basin, which is the watershed of the stream
receiving the discharge of the interior area. Figure 4.1 illustrates a typical interior system
with upper interior and lower interior sub-basins.

Line of Protection
AR

Main River

Upper Interior
Sub-Basin
% Lower Interior \/\_,-\
Stream Gage Sub-Basin e
B3 s

FIGURE 4.1 Typical Interior System

The runoff characteristics for both interior and exterior areas are defined in the same
manner using the following elements:

1. The drainage area of each sub-basin.
2. The base flow and recession parameters for each sub-basin.

3. The infiltration loss parameters for each sub-basin, including percentage of
impervious area.

4. The unit hydrograph for each sub-basin.
5. The channel routing parameters for the upper interior sub-basin runoff
hydrograph.

Runoff parameters and channel routing parameters are entered by the user. Figure 4.2
fllustrates the main menu screen for runoff data entry. Option A of this menu is used to
enter sub-basin runoff parameters, as described in the section entitled "BASIN RUNOFF
DATA" beginning on page 54. Option B allows you to enter channel routing data, as
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described beginning in the section entitled "CHANNEL ROUTING DATA FOR UPPER SUB-
BASIN" on page 75.

After entering all of the required basin runoff parameters for each sub-basin, and the
channel routing parameters for the upper interior sub-basin, Option C of this menu is
used to select which set of parameters will be used for each sub-basin in the interior
analysis. This option is described in the section entitled "SPECIFYING RUNOFF DATA"
beginning on page 87.

MCaB

CSa 61.61.00
Study ID RBENDZ2 l Runoff Hydrograph Parameters (RUNOFF) H

Select Dption:

(i. Enter Basin Runoff Data
B. Enter Channel Routing Data for Upper Sub-Basin
C. Assign Basin Runoff Data Set for Each Sub-Basin

1Help  ZPrtScr 3 4 5 6D0S ? B 9 10Exit
Press Letter: or use fAirrouw Keys and <Enter> to Select

FIGURE 4.2 Runoff Data Entry Options
4.2. BASIN RUNOFF DATA

Figure 4.3 illustrates the data entry screen used to enter interior area sub-basin and
exterior basin runoff parameters for Continuous Simulation Analysis. Figure 4.4 shows the
corresponding screen for Hypothetical Event Analysis. Each set of basin runoff data must
be identified by a unique 8-character Basin ID. This ID is used later when specifying
which data will be used for each computation. A 40-character Description provides
further background information on the basin.

When the cursor is on the Basin ID field, the Index key displays a list of Basin IDs
which have been previously defined. By selecting any of these existing Basin IDs, the user
may load the corresponding runoff parameters for review or modification. The HEC-IFH
program displays the 40-character description for each record to help ensure that the
correct records are selected.

The Basin Drainage Area must be entered for each basin. It must be greater than zero (0).
The Percent (%) of Drainage Area Impervious may also be specified. No infiltration losses
are assumed to occur for this portion of the drainage area. Any value from 0 through 100
may be entered.
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RUNOO1

C3a 01.01.00
Study ID RBENDZ " Runoff Hydrograph Parameters (RUNOFF) ]

Enter Basin Runoff Data

Basin ID PPER
pper Sub-basin for App. C example.

Basin Drainage Area (sq mi) 7 .50
Percent of Drainage Area Impervious 15.0

Enter Monthly Base Flow Rates

Basin Infiltration Loss Data
Generalized Runoff Coefficients
[Initial-Uniform—Recovery Hethod]
No Losses Computed

Basin Unit Hydrograph Data
Clark’s Unit Hydrograph
Snyder’s Unit Hydrograph
[SCS Dimensionless Unit Graphl
Enter Unit Hydrograph

1Help - 2Z2PrtScr 3Index 4 5 6D0S 7 8 9 10Exit
Press <F10> to Save Data and Return

FIGURE 4.3 Continuous Simulation Runoff Data Entry Screen

RUNO18

HEA 01.01.06
Study ID SILVERCE ﬂ Runoff Hydrograph Parameters (RUNOFF) ]

Enter Basin Runoff Data
Basin ID S ILUER bilver Creek using SCS UHG & I-U loss

Drainage firea (sq mi) 15.00
Percent of Drainage Area Impervious 10.0

Enter Base Flou Data and Recession [BiS3ILL)

Infiltration Loss Data Unit Hydrograph Data
SCS Curve Number Method Clark’s Unit Hydrograph
Holtan Hethod Snyder’s Unit Hydrograph

[SCS Dimensionless Unit Graphl
Enter Unit Hydrograph

Green—Anpt Method
[Initial-Uniform Method 1
No Losses Computed

IHelp = Z2PrtScr 3index 4 5 6Dbas 7 8 9 10Exit
Press <F10> to Save Data and Return

FIGURE 4.4 Hypothetical Event Runoff Data Enfry Screen
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4.2.1. Base Flow Rates

Base flow is a steady or slowly-changing discharge from a drainage basin, resulting from
groundwater return flow, interflow, wastewater effluent, or other sources not directly
related to current rainfall events. HEC-IFH provides a simple "Yes-No" menu on the runoff
data entry screen to determine if base flow is to be considered for a particular basin. To
specify base flow data, move the cursor to "Yes" and press the space bar. A base flow data
entry window will appear.

For Continuous Simulation Analysis, the HEC-IFH program can apply a different constant
base flow rate for each calendar month. Figure 4.5 illustrates the data entry window for
Monthly Base Flow Rates. Each value must be greater than or equal to zero. No recession
computations are performed for Continuous Simulation Analysis. The base flow rate is
assumed to be constant during each month as specified.

CSh 01.01.00 RUNOOZ
Study ID RBENDZ [ Runoff Hydrograph Parameters (RUNOFF) J
Enter Basin Runoff Data
Basin ID UPPER
Upper Sub-basin for App. C example. Month| Base Flow Rates (cfs)

Basin DPrainage Area (sq mi) 7.50 Oct
Percent of Drainage Area Impervious 15.0 Nov 5.

Dec 5.
Enter Monthly Base Flouw Rates Yes No Jan 5.

Feb 5.

Basin Infiltration Loss Data Mar 5.
Generalized Runoff Coefficients fipr 5.
[Initial-Uniform—Recovery Methodl May 5.

No Losses Computed Jun 5.
Jul 5.

Basin Unit Hydrograph Data Aug 5.
Clark’s Unit Hydrograph Sep 5.
Suyder’s Unit Hydrograph
[SCS Dimensionless Unit Graphl
Enter Unit Hydrograph

1Help Z2PrtScr 3 4 5 6D0S ? 8 10Exit

Press <F10> to Save Data and Return

FIGURE 4.5 Continuous Simulation Base Flow Data Entry Window

The HEC-IFH Hypothetical Event Analysis method can provide more sophisticated base
flow and recession computations. Figure 4.6 illustrates the data entry window for base
flow and recession parameters for a Hypothetical Event analysis. The Flow at Start of
Storm must be greater than or equal to zero (0). It represents the base flow rate resulting
entirely from previous events and conditions in the basin just prior to the current event.

The Flow Below Which Base Flow Starts and the Ratio to Peak provide alternate
methods for determining the beginning of recession computations. Only one of these
values may be entered. The other value must be zero (0). Negative values cannot be
entered, and the Ratio to Peak value, if used, cannot exceed one (1).

If the Ratio to Peak value is specified, then the HEC-IFH program multiplies this value by
the peak flow rate of the runoff hydrograph to determine the Flow Below Which Base Flow
Starts. As the rate of runoff falls below this flow rate, further runoff rates are not
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determined using unit hydrograph computations. Instead, the runoff rate at each
succeeding hour is computed by dividing the previous hour's runoff rate by the Ratio of
Recession Flow 1 Hour Later. This recession ratio must be one (1) or greater, so that base
flow always recedes and cannot increase.

HEA 01.01.00 RUNO1S

Study ID SILUERCR ﬂ Runoff Hydrograph Parameters (RUNOFF) ]

Enter Basin Runoff Data
Basin ID SILVER Silver Creek using 3CS UHG & I/U loss

Drainage Area (sq ni)l 15.00
Percent of Drainage firea Impervious 10.0

Enter Base Flow Data and Recession Yes No

Infiltration Loss Data Unit Hydrograph Data
SCS Curwve MNumber Method Clark’s Unit Hydrograph
Holtan Method Snyder’s Unit Hydrograph
Green—finpt Method

[SCS Dimewnsionless Unit Graph]
[Initial-Uniform Method 1 Enter Uwit Hydrograph

No Losses Computed

‘ Base Flou and Recession Parameters
Flou at Start of Storm (cfs)

Flow Below which Base Flow Starts (cfs)
or Ratio to Peak

1Help ZPrtScy 3 4 5 6D0S ? g 10Exit
Press <F19> to Save Data and Returm

FIGURE 4.6 Hypothetical Event Base Flow Data Enfry Screen

4.2.2. Basin Infiltration Loss Data

There are several methods in the HEC-IFH program that can be used to calculate
precipitation losses. Using any of these methods, an average precipitation loss is
determined for a computation interval and subtracted from the rainfall hyetograph. The
resulting precipitation excess is used to compute an outflow hydrograph for a sub-basin.
The precipitation loss is considered to be a sub-basin average (uniformly distributed over
an entire sub-basin).

HEC-IFH provides a simple menu on the runoff data entry screen to select the method of
computing infiltration losses for a particular basin. To make a selection, move the cursor
to the desired method and press the space bar. A data entry window will appear for the
selected method.

For the Hypothetical Event Analysis method, HEC-IFH provides most of the same
infiltration loss rate computations which are available in the HEC-1 computer program.
However, Continuous Simulation Analyses require special methods for estimating rainfall
losses because the simulation extends over much longer periods of time. During the time
periods between flood events, the soil may recover substantial infiltration capacity which is
available for the next storm event. Table 4.1 lists the infiltration loss rate methods
available for each condition.

No matter which infiltration loss rate method is selected, no infiltration losses are
computed for the impervious portion of the basin. The Percent (%) of Drainage Area
Impervious controls this computation.
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TABLE 4.1 Compuiational Methods for Infiltration Losses

Computational Method Continuous Simulation Hypothetical Event

or Option Analysis Analysis
Generalized Runoff Coefficients v -
Initial & Uniform With Recovery v -
SCS Curve Number - v
Green-Ampt - v
Holtan - v
Initial & Uniform, No Recovery - v
No Losses v v
4.22.1. Generalized Runoff Coefficient Loss Computation

Monthly Generalized Runoff Coefficients specify the fraction of precipitation which
becomes rainfall excess (surface runoff) during a Continuous Simulation Analysis. The
coefficients are entered as decimals {(50% is input as 0.50). A different runoff coefficient
may be specified for each month of the water year. Each coefficient must equal or exceed
zero (0), but cannot exceed one (1). Runoff is assumed to be 100% for the proportion of the
drainage area that is impervious. Figure 4.7 illustrates the data entry window for this
method.

CSA 01.01.00 RUNDO3
Study ID RBENDZ ﬂRunoff Hydrograph Parameters (RUNOFF) ]
Enter Basin Runoff Data
Basin 1D UPPER
Upper Sub-basin for App. C example. Month| Gen. Runoff Coefficient
Basin Drainage Area (sq ni) ?.50 Oct
Percent of Drainage Area Impervious 15.0 Nov
Dec
Enter Monthly Base Flow Rates Yes No Jan
. Feb
Basin Infiltration Loss Data Mar
[Generalized Runoff Coefficients] Aipr
Initial-Uniformn-Recovery Method May
No Losses Computed Jun
Jul
Basin Unit Hydrograph Data Aug
Clark’s Unit Hydrograph Sep
Snyder’s Unit Hydrograph
[SCS Dimensionless Unit Graphl
Enter Unit Hydrograph
iHelp ZPrtScr 3 4 5 6005 7 8 9 16Exit
Press <F10> to Save Data and Return

FIGURE 4.7 Generalized Runoff Coefficient Data Entry Window
4.2.2.2. Initial-Uniform and Initial-Uniform-Recovery Loss Computation

Infiltration losses can be computed using an Initial Loss in inches and a Uniform Loss
rate in inches per hour. Both values must equal or exceed zero (0). All rainfall is lost until
the volume of initial loss is satisfied. After the initial loss is satisfied, rainfall is lost at the
uniform rate. Runoff is assumed to be 100% for the proportion of the area that is
impervious.
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For Hypothetical Event Analyses, an Initial-Uniform loss computation is available in HEC-
IFH. This computation is identical to the Initial-Uniform computation implemented in the
HEC-1 computer program [HEC, 1990].

For Continuous Simulation Analysis only, an Initial Loss Recovery rate may also be
specified. This value may be zero {0) or greater. During periods of no precipitation, the
initial precipitation loss recovers at this rate until the specified initial loss capacity is
reached. A different value of the recovery rate may be specified for each month of the year.
Figure 4.8 illustrates the data entry window for the Initial-Uniform-Recovery loss method.
The same data entry window is used for specifying Initial-Uniform loss without recovery,
by simply not entering Recovery values.

CSh 01.01.00 RUNDO4
Study ID RBENDZ " Runoff Hydrograph Parameters (RUNOFF) "
Enter Basin Runoff Data
Basin ID UPPER
Upper Sub-basin for App. C example. Month| Initial Loss Recovery
Basin Drainage Area (sq mi) 7.50 Oct .10 (inrday)
Percent of Drainage Area Impervious 15.0 Nov 0.
Dec 0.
Enter Monthly Base Flow Rates Yes No Jan 9.
Feb 0.
Basin Infiltration Loss Data Mar 0.
Generalized Runoff Coefficients Apr 0.
[Initial-Uniform—Recovery Method] May 0.
No Losses Computed : Jun 0.
Jul 0.
Basin Unit Hydrograph Data flug 0.
Clark’s Unit Hydrograph Sep 0.
Snyder’s Unit Hydrograph'
[SCS Dimensionless Unit Graphl Initial Loss (in)
Enter Unit Hydrograph Uniform Loss (in/hr)
1Help  2Prt3cr 3 6D0S 10Exit

Press <F10)> to Save Data and Return

FIGURE 4.8 Initial-Uniform-Recovery Data Entry Window

4.2.23. SCS Curve Number Loss Computation

The SCS Curve Number loss computation is available for Hypothetical Event Analyses.
This is identical to the SCS Curve Number loss method implemented in the HEC-1
computer program [HEC, 1990]. Figure 4.9 illustrates the data entry window for this
method.

The SCS Curve Number method is based on a soil classification system instituted by the
Soil Conservation Service {SCS), U.S. Department of Agriculture, for use in soil survey
maps across the country. Based on experimentation and experience, the SCS has been
able to relate the drainage characteristics of soil groups to an SCS Curve Number, CN
(SCS, 1972 anD 1975). The SCS provides information on relating soil group type to the
curve number as a function of soil cover, land use type and antecedent moisture
conditions.
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RUNDZO

HEa 01.01.00
Study ID SILVERCR “ Runoff Huydrograph Parameters (RUNOFF) “

Enter Basin Runoff Data
Basin ID SILVER Silver Creek using 3CS UHG & SCS Curve

Drainage Area (sq mi) 15.00
Percent of Drainage Area Impervious 16.0

Enter Base Flou Data and Recession Yes No

Infiltration Loss Data Unit Hydrograph Data
[SCS Curve Number Methodl
Holtan Method

Clark’s Unit Hydrograph
Snyder’s Unit Hydrograph

[SCS Dimensionless Unit Graphl
Enter Unit Hydrograph

Green—Ampt Method
Initial-Uniform Method
No Losses Computed

SCS Curve Number Method
Initial Rainfall Abstraction (in) (3.5000
(If blank, computed as 0.2x%(1000 — 10+CN)/CN)

SCS Curve Number (CN)

4 5 6D0S 7 8 9 10Exit
Press <F10> to Save Data and Return

1Help  2PrtScr 3

FIGURE 4.9 SCS Curve Number Data Entry Window

For the SCS Curve Number method, precipitation loss is calculated based on supplied
values of SCS Initial Rainfall Abstraction and SCS Curve Number. The initial rainfall
abstraction is the surface moisture storage capacity at the beginning of the storm event.
The curve number and initial abstraction are related to a total runoff depth for a storm by
the following relationships:

(ACRAN - IA)2
_ 4.1
ACEXS=2CpaAN-1A+ S
1000 - 10CN
_ 1000 - 10CN 42
S CN

in which:

CN is the SCS curve number

IA is the initial abstraction

ACEXS is the accumnulated excess in inches

ACRAN is the accumulated rainfall depth in inches

S is the currently available soil moisture storage deficit in inches.

The SCS Curve Number must always be greater than zero (0), because a value of 0 would
cause an error in Equation 4.2. The maximum value for the Curve Number is 100, because

a Curve Number of 100 results in an S value of zero (0) and no losses.

The Initial Rainfall Abstraction may be a value of O or greater. If a value of O is entered
for IA, a default value is computed as

IA=0.2S

4.3
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This relation is based on empirical evidence established by the Soil Conservation Service.

Since the SCS method gives total excess for a storm, the incremental excess (the difference
between rainfall and precipitation loss) for a time period is computed as the difference
between the accumulated excess at the end of the current period and the accumulated
excess at the end of the previous period.

The SCS soil classification system uses four groups, as follows:
A: deep sand, deep loess, aggregated silts
B: shallow loess, sandy loam

C: clay loams, shallow sandy loam, soils low in organic content, and soils usually high
in clay.

D: soils that swell significantly when wet, heavy plastic clays, and certain saline soils.

All other factors being equal, Group A soils have the lowest runoff potential and Group D
soils have the highest runoff potential.

Usually, the best source of information for determining the SCS soil group for a particular
drainage area is the county soil survey. The SCS National Engineering Handbook, Section
4 [SCS, 1972], also contains useful information. However, the SCS soil group can also be
determined using field observations of soil characteristics or the results of infiltration
tests. The following infiltration values can be used to judge the results of infiltration tests:

Group A soils: 0.30 to 0.45 inches per hour minimum infiltration
Group B soils: 0.15 to 0.30 inches per hour minimum infiltration
Group C soils: 0.05 to 0.15 inches per hour minimum infiltration
Group D soils: 0.00 to 0.05 inches per hour minimum infiltration

Tables 4.2 and 4.3 list appropriate values for the SCS Curve Number for each of the four
SCS soil groups. These tables are also divided according to the SCS cover complex, which
consists of three factors: land use, land treatment or practice, and hydrologic condition.
For example, the land use for a particular area may be "Row crops”. If the land treatment
or practice were "Straight row" and the hydrologic condition were "Good", then the SCS
Curve Numbers would range from 67 to 89, depending on the soil group.

Note: this program uses an optional "Percent of Drainage Area
Impervious" value to adjust runoff volume for development. If this
value is used, the SCS Curve Number should not be "adjusted" for urban
development. If an "adjusted” Curve Number is used, the "Percent of
Drainage Area Impervious" value should be zero (0), in order to avoid
over-estimating the effects of development.

61



CHAPTER 4: Runoff Hydrographs Interior Flood Hydrology (HEC-IFH) User's Manual

TABLE 4.2 Values of SCS Curve Number for Rural Areas
Hydrologic Soil Group:

Land Use Description A B C D
Fallow:
Straight Row 77 86 91 94
Row Crops:
Straight Row, Poor Condition 72 81 88 91
Straight Row, Good Condition 67 78 85 89
Contoured, Poor Condition 70 79 84 88
Contoured, Good Condition 65 75 82 86
Contoured and Terraced, Poor Condition 66 74 80 82
Contoured and Terraced, Good Condition 62 71 78 81
Small Grain:
Straight Row, Poor Condition 65 76 84 88
Straight Row, Good Condition 63 75 83 87
Contoured, Poor Condition 63 74 82 85
Contoured, Good Condition 61 73 81 84
Contoured and Terraced, Poor Condition 61 72 79 82
Contoured and Terraced, Good Condition 59 70 78 81
Close-Seeded Legumes or Rotation Meadow:
Straight Row, Poor Condition 66 77 85 89
Straight Row, Good Condition 58 72 81 85
Contoured, Poor Condition 64 75 83 85
Contoured, Good Condition 55 69 78 83
Contoured and Terraced, Poor Condition 63 73 80 83
Contoured and Terraced, Good Condition 51 67 76 80
Pasture or Range:
Poor Condition 68 79 86 89
Fair Condition 49 69 79 84
Good Condition 39 61 74 80
Contoured, Poor Condition 47 67 81 88
Contoured, Fair Condition 25 59 75 83
Contoured, Good Condition 6 35 70 79
Meadow, Good Condition: 30 58 71 78
Woods or Forest Land:
Poor Condition 45 66 77 83
Fair Condition 36 60 73 79
Good Condition 25 55 70 77
Farmsteads: 59 74 82 86

Source: [McCUEN, 1982]
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TABLE 4.3 Values of SCS Curve Number for Urban and Suburban Areas
Hydrologic Soil Group

Land Use Description A B C D
Residential:
1/8 acre or less average lots (65% impervious) 77 85 90 92
1/4 acre average lots (38% impervious) 61 75 83 87
1/3 acre average lots (35% impervious) 57 72 81 86
1/2 acre average lots (25% impervious) 54 70 80 85
1 acre average lots (20% impervious) 51 68 79 84
Paved parking lots, roofs, driveways, etc.: 98 98 98 98
Streets and Roads:
Paved with curbs and storm sewers 98 98 98 98
gravel 76 85 89 g1
dirt 72 82 87 89
Commercial & Business Areas {85% Impervious): 89 92 94 95
Industrial Districts (7 2% Impervious}: 81 88 91 93
Open Spaces, Lawns, Parks, Golf Courses, Cemeteries, etc.:
good condition: grass cover on 75% or more 39 61 74 80
fair condition: grass cover on 50% to 75% 49 69 79 84

Source: (McCUEN, 1982]

4.2.24. Holtan Loss Computation

The Holtan Loss Computation computes loss rate based on the infiltration capacity given
by the formula [HOLTAN ET AL, 1975]:

= BEXP
Ff=GIAX SA + FC 4.4

in which:

fis the infiltration capacity in inches per hour.

Gl is a "growth index" representing the relative maturity of the ground cover.
A is the infiltration capacity in inches per hour (inch!4 of available storage).

SA is the equivalent depth in inches of pore space in the surface layer of the soil which is
available for storage of infiltrated water.

FC is the constant rate of percolation of water through the soil profile below the surface
layer. (See Table 4.4).

BEXP is an empirical exponent, typically taken equal to 1.4.

Figure 4.10 shows the data entry window for the Holtan Method. All of the input data
items for this method must be zero (0) or greater. The Holtan Method implemented in HEC-
IFH is identical to the implementation used in the HEC-1 computer program (HEC, 1990).

Estimates of FC can be based on the hydrologic soil group given in the SCS National
Engineering Handbook [SCS, 1972 AND 1975], as listed in Table 4.4.

TABLE 4.4 Values of FC for SCS Hydrologic Soil Groups

Hydrologic Soil Group A B C D
FC {inches per hour) 0.45t00.30 0.30t0 0.15 0.15t00.05 0.05o0rless

Source: [MUSGRAVE, 1955]

The available storage, SA, is decreased by the amount of infiltrated water and increased at
the percolation rate, FC. Note, by calculating SA in this manner, soil moisture recovery
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occurs at the deep percolation rate. The amount of infiltrated water during a time interval
is computed as the smaller of 1) the amount of available water, i.e., rain, or 2} the average
infiltration capacity times the length of the time interval.

RUNDZ21

HEA 01.01.00
Study ID SILVERCR [ Runoff Hydrograph Parameters (RUNOFF) "

Enter Basin Runoff Data
Basin ID SILVER Silver Creek using SCS UHG & Holtan loss

Drainage Area (sg mi) 15.00
Percent of Drainage firea Impervious 10.0

Enter Base Flow Data and Recession Yes No

Infiltration Loss Data Unit Hydrograph Data
SCS Curve Number Method
[Holtan Method 1
Green-Anpt Method

Clark’s Unit Hydrograph
Snyder’s Unit Hydrograph

[SCS Dimensionless Unit Graphl
Enter Uwnit Hydrograph

Initial-Uniform Method
No Losses Computed

-Holtan Method
Holtan Deep Percolation Bate (in/hr)
Infiltration Rate (in/hr)

Depth of Available Soil Moisture Storage (in)
Exponent of Available Soil Moisture Storage

1Help  ZPrtScr 3 4 5 6D0S 7 8 3
Press <F19> to Save Data and Returm

FIGURE 4.10 Holtan Method Data Entry Window
The HEC-IFH and HEC-1 computer programs use the following infiltration equation:

F= EL';—E‘ZIRHR 45

in which F; and F, and SA; and SAg are the infiltration rates and available storage,
respectively, at the beginning and end of the time interval TRHR, and

F]=GMXSA]BW+FC 4.6
SA, = SA1 - F+ FCx TRHR a8

4.2.25. Green-Ampt Loss Computation

For the Green-Ampt Loss Computation, the Green-Ampt infiltration function [MEIN AND
LARSON, 1973] is combined with an initial abstraction to compute rainfall losses. The initial
abstraction is satisfied prior to rainfall infiltration as follows:

r(t) = 0 for P(t) < IA t>0 4.9

r{t) = rp{0) for P(Y) > IA t>0 4,10
in which:

P(y is the cumulative precipitation over the watershed
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r{f) is the rainfall intensity adjusted for surface losses
tis the time since the start of rainfall, ry(t)
IA is the initial abstraction in inches

The Green and Ampt infiltration is applied to the remaining rainfall by applying the
following equation:
_ PSIF x DTHETA
PO =Yy /xKSAT - 1 T > XKSAT 4.11

Ft) = (¥ Sl < XKSAT 4.12
in which:
F{t) is the cumulative infiltration
JU} = dF(t}/dt is the infiltration rate
PSIF = the wetting front suction in inches
DTHETA = the volumetric moisture deficit
XKSAT = the hydraulic conductivity at natural saturation in inches per hour.

Figure 4.11 shows the data entry window for the Green-Ampt method. All four of the input
values for this method must be zero (0} or greater.

The application of the Green-Ampt equation is complicated by the fact that it is only
applicable to a rainfall rate greater than the infiltration rate. The difficulty is overcome by
calculating a time to ponding [MEIN AND LARSON, 1973] [MOREL-SEYTOUX, 1980]. Time to
ponding (the time at which the ground surface is saturated) is calculated by applying
Equation 4.11 over the computation interval At

PSIF — DTHETA i} (i) > XKSAT 4.13

Y rAt
rj _ 1 i=1
XKSA

where it is recognized that at ponding the infiltration and rainfall rates are equal (i(t) = r{t))

AF=F)-F, =

1;is the average rainfall rate during period j
F;and F; are the cumulative infiltration rates at the end of periods j and j-1
AF is the incremental infiltration over period f.

Ponding occurs if the following condition is satisfied:

AF < At 4.14
otherwise the rainfall over the period will be completely infiltrated. Once ponding has
occurred, the infiltration and rainfall rates are independent and Equation 4.11 an be easily
integrated to calculate the infiltration over the computation interval. The ponded surface
condition might not be maintained during the entire storm. This occurs when the rainfall
rate falls below the ponding infiltration rate. In this case a new ponding time is calculated
and infiltration calculation is applied as previously described. Although a time to ponding
is used, no surface sotrage is modelled; i.e., there is no carry-over of surface water from
one time step to the next.
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RUND2Z

HEs 01.01.00
Study ID SILVERCR ﬂ Runoff Hydrograph Parameters (RUNOFF) J

Enter Basin Runoff Data
Basin ID SILVER Silver Creek using SCS UHG & Green—-Ampt

Drainage Area (sq mi) 15.00
Percent of Drainage Area Impervious 10.0

Enter Base Flou Data and Recession Yes No

Infiltration Loss Data Unit Hydrograph Data
SCS Curve Number Method
Holtan Method
[Green—-Ampt Method 1

Clark’s Unit Hydrograph
Snyder’s Unit Hydrograph

[SCS Dimensionless Unit Graphl
Enter Unit Hydrograph

Initial-Uniform Method
No Losses Computed

Green—-Ampt Method
Initial Loss Cin)

Uplumetric Moisture Deficit

Wetting Frowmt Suction (in)

Hydraulic Conductivity at Natural Saturation (in/hr)

4 5 6Db0s 7 8 9
Press <F10> to Save Data and Return

1Help ZPrtScr 3

FIGURE 4.11 Green-Ampt Data Entry Window
4.2.3. Basin Unit Hydrograph Data

A 1-hour unit hydrograph is defined as the sub-basin surface outflow due to a unit (1
inch) rainfall excess applied uniformly over a sub-basin in a period of one hour. Unit
hydrograph durations other than one hour are common. The HEC-IFH program
automatically sets the unit hydrograph duration equal to the computation interval
selected for watershed simulation.

The rainfall excess hyetograph is transformed to a sub-basin outflow hydrograph by
utilizing the general equation:

1 4,15
Q) = YUGPLi-j+ 1)

F1
in which:
Q(d is the sub-basin outflow at the end of computation interval i
U(j) is the jth ordinate of the unit hydrograph
P (1 is the average rainfall excess for computation interval i

This process of computing the runoff hydrograph is called convolution. The equation is
based on two important assumptions:

1. The unit hydrograph is characteristic for a sub-basin and is not storm dependent.

2. The runoff due to excess from different periods of rainfall excess can be linearly
superposed.




Interior Flood Hydrology (HEC-IFH) User's Manual CHAPTER 4: Runoff Hydrographs

The largest computed flow rate within the hydrograph is the peak flow rate. The time of
computed peak rate of runoff is simply the time at which the peak flow rate is computed.

Three empirical methods for developing unit hydrographs are available within the HEC-IFH
program. These are the Clark, Snyder, and SCS methods. In addition, unit hydrograph
ordinates may be entered directly. If a unit hydrograph is entered directly, the computation
interval specified for the interior analysis (described in Chapter 10) must be equal to the
durction of the input unit hydrograph.

The Continuous Simulation and Hypothetical Event Analysis approaches both use the
same unit hydrograph methods and data.

4.2.3.1. Clark Unit Hydrograph Computation

The Clark method (1945) requires three parameters to calculate a unit hydrograph: TC, the
time of concentration for the basin, R, a storage coefficient, and a time-area curve. A time-
area curve defines the cumulative area of the watershed contributing runoff to the sub-
basin outlet as a function of time (expressed as a proportion of TC). The HEC-IFH program
utilizes a dimensionless time-area curve defined as follows:

Al=1.414T15 0.0<T<0.5 4.16

1- AI=1.414(1 - D15 05<T<1.0 4,17
in which:
Al = the cumulative area as a fraction of total sub-basin area

T = the fraction of the time of concentration

. ] —_— ]
Rainfall ‘e
Loss / 7z C
Excess
N
Point of Inflection
AQ = -Q
R=
AQ/AT
At ~
Discharge
Time

FIGURE 4.12 Clark Unit Hydrograph Method

The ordinates of the time-area curve are converted to volume of runoff per second for unit
excess and interpolated to the given time interval. The resulting translation hydrograph is
then routed through a linear reservoir to simulate the storage effects of the watershed. The
resulting unit hydrograph for instantaneous excess is averaged to produce the hydrograph
for unit excess occurring in the given time interval. Figure 4.12 illustrates the general
concepts of the Clark unit hydrograph method.
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The linear reservoir routing is accomplished using the general equation:

Q,=(CAXD +(CBXx Q) 4.18
The routing coefficients CA and CB are calculated from:

At 4.19
CA=R05Az

CB=1-CA 4.20

QUNGR = Q‘—%; 421

in which:

@, = the instantaneous flow at the end of the period

Q; = the instantaneous flow at the beginning of the period

I = the ordinate of the translation hydrograph

At = the computation time interval in hours {also duration of unit excess)

R = the basin storage factor in hours.

QUNGR = the unit hydrograph ordinate at the end of the computation interval

The computation of unit hydrograph ordinates is terminated when the runoff volume
exceeds 0.995 inch or 150 ordinates are computed, whichever occurs first.

Figure 4.13 shows the data entry window for the Clark Unit Hydrograph Method for
Hypothetical Event Analysis. A similar screen is available for Continuous Simulation
Analysis. The Time of Concentration and Watershed Storage must both be greater than
zero (0).

Note that a short "Yes No" menu is also presented in the Clark Unit Hydrograph data entry
window for Display (Tabulate) U. Hyd.?. After the unit hydrograph parameters are
entered, this menu can be used to compute and display the unit hydrograph ordinates.
The Unit Hydrograph Tabulation window is illustrated in Figure 4.14. As indicated, the
Unit Hydrograph Duration must be provided in order for the unit hydrograph ordinates to
be tabulated. Several unit hydrographs with different durations can be specified, viewed,
and plotted in this manner. The duration entered in this window is used to compute the
unit hydrograph for display only, and has no effect on runoff computations. The unit
hydrograph ordinates used in actual runoff cornputations are based on a unit hydrograph
duration equal to the computation interval of the interior analysis, as described in Chapter
10.

The Unit Hydrograph Duration is entered as a number combined with a unit of time. Time
intervals must be between 5 minutes and 24 hours. Any of the following time intervals are
acceptable: 5MIN, 10MIN, 15MIN, 30MIN, 1HOUR, 2HOUR, 3HOUR, 4HOUR, 6HOUR,
12HOUR, and 1DAY.
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RUNOZ26

HEA 01.01.00
Study ID SILVERCR " Runoff Hydrograph Parameters (RUNOFF) ]

Enter Basin Bunoff Data
Basin ID SILVER Silver Creek using Clarks UHG & 1-U loss

Drainage Area (sg mi) 15.00
Percent of Drainage Area Impervious 16.0

Enter Base Flou Data and Recession Yes No

Infiltration Loss Data Unit Hydrograph Data
SCS Curve Number Hethod
Holtan Method
Green—Anpt Method

[Clark’s Unit Hydrograph
Snyder’s Unit Hydrograph
SCS Dimensionless Unit Graph
[Initial-Uniform Method 1 Enter Unit Hydrograph

No Losses Computed

———Clark’s Unit Hydrograph———
Time of Concentration TC (hr) 3.000
Storage Coefficient R (hr) 4.500
Display (Tabulate) U. Hyd.? LGS

1Help  ZPrtScr 3 4 5 6D0S d 8 9 10Exit
Press SPACE to select: Press <F16> to Save Data and Return

FIGURE 4.13 Clark Unit Hydrograph Data Eniry Window

HEA 01.01.00 RUNOZ29
Study ID SILUERCR ﬂ Runoff Hydrograph Parameters (RUNOFF) ]
Enter Basin Runoff Data
Basin ID SILVER Silver Creek using SCS UHG & I/U loss
Drainage Area (sq mi) 15.00 Unit Hydro. Duration
Percent of Drainage Area Impervious 10.0
Time Unit Hydrograph
Enter Base Flow Data and Recession Yes No (HOUR) |]Ordinates (cfs)
Infiltration Loss Data Unit Hydrograph 1 114.9
SCS Curve Number Method Clark’s Unit 2 356.7
Holtan Method Snyder’s Unit 3 732.6
Green-Anpt Method SCS Dimension 4 1119.2
[Initial-Uniform Method 1 Enter Umit Hy 5 1304.7
No Losses Computed 6 1364.7
? 11572.5
8 955.2
9 689.5
10 499.2
11 368.7
1Help ZPrtScr 3 1 5 6003 7 8 9Plot 10Exit

Press <F10> to Save Data and Return

FIGURE 4.14 Unit Hydrograph Tabulation Window
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The unit hydrograph tabulation can be an effective way to check computation of the unit
hydrograph ordinates for the expected compuation interval of the interior analysis. The
tabulated unit hydrograph should include at least 3 or 4 ordinates defined prior to the
peak. This would be applicable if peak flow definition is important to the analysis. An
example is a situation in which peak flow definition would be important is when very little
ponding area storage is available and runoff hydrograph attenuation would be
insignificant. When significant ponding storage is available, peak flow definition is not a
Imajor concern.

After the unit hydrograph is tabulated, the standard HEC-IFH cursor movement keys may
be used to move through the unit hydrograph ordinates. The [F9] plot key may be used to

display a plot of the unit hydrograph. An example unit hydrograph plot is illustrated in
Figure 4.15.

UNIT HYDROGRAFH
SILUVERCR SILUER

1488 T T ]
1388 |- . . . , - : , . : : ]
1200 |- . - . . . . . . . : -
11ee - . : . . . ‘ : ‘ . ]
1000 | . - , . , ‘ . ‘ » ‘ : -
sae |- . . . ‘ : . . . ‘ ‘ .
see | . . . . : . . . . ‘ . -
7o | . - - . . . , : . , . : -

coe | - - : . : . \ : » . -

Flow Rate (afs)

see | ‘ : - . . . . . . , . . g
ao0 |- : . - - . . . . ‘ . . . 4
208 |- . . . . : - . : . - . j

100 . . . ‘ - : . - . - . - .
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e 2 g [ 8 ie i=2 i4 16 18 28 22 29 26 28 30

Tine <hrs)d

FIGURE 4.15 Unit Hydrograph Plot

4.2.3.2. Snyder Unit Hydrograph Computation
Snyder (1938} proposed two equations to be used in constructing synthetic unit
hydrographs. The first equation defines the lag time of the watershed, or the time from the
centroid of rainfall excess to the peak of the unit hydrograph.

Tp= C{Lx L,,)03 4.22
in which:
Tp = watershed lag in hours

L = the length of the watershed along the main channel from the point of reference to the
upstream boundary of the watershed, in miles
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L., = the distance along the main channel from the point of reference to a point opposite
the centroid of the watershed, in miles

C; = a coefficient representing variations in watershed slopes and storage

The second equation gives the peak discharge of the unit hydrograph.

640G,
=", 4.23

in which:
4, = peak discharge in cubic feet per second per square mile
Tp = watershed lag in hours

Cp = a coefficient accounting for flood wave and storage conditions.

The Snyder method determines the unit hydrograph peak discharge and time to peak only.
The widths of the unit hydrograph at 50% and 75% of the peak discharge (W, and W,
respectively) are generally determined by regional regression analyses of basin
characteristics. Figure 4.16 illustrates these aspects of the Snyder unit hydrograph
method.

T
p

- Rainfall
—At L. Excess

Discharge W75

Time

FIGURE 4.16 Snyder Unit Hydrograph Method

Since the Snyder method does not produce the complete unit hydrograph required by the
HEC-IFH program, the HEC-IFH program uses the Clark method to determine the shape of
a Snyder unit hydrograph. The initial Clark parameters are estimated from the given
Snyder's parameters, Tp and Cp. A unit hydrograph is computed using Clark's method and
Snyder parameters are computed from the resulting unit hydrograph by the following
equations:

T, - 0.5At

Tppag - 0-5At
CPryp=OMax™ Cx A 4.24
ALAG = 1.048(Tpgaxc - 0.75A8 4.25

in which:
CPryp = Snyder's Cp for the computed unit hydrograph
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Qumax = the maximum ordinate of the unit hydrograph

Tprag = the time when Qyax occurs, in hours

At = the duration of excess, in hours

A = the sub-basin area, in square miles

C = a conversion factor for units of measurement

ALAG = Snyder's standard lag, T, for the computed unit hydrograph.

Snyder's standard lag is for a unit hydrograph which has a duration of excess equal to
T, /5.5. The coefficient 1.048 in Equation 4.25 results from converting the duration of
excess to the given time interval.

Clark's TC and R are adjusted to compensate for differences between values of T, and C,
calculated by the equations above and the given values. A new unit hydrograph is
computed using these adjusted values. This procedure continues through 20 iterations or
until the differences between computed and given values of T, and C, are less than one
percent of the given values. A message is written to the warning/error message file during
runoff computations if the program is unable to converge on suitable TC and R values
within 20 iterations. {(See Appendix E.)

Figure 4.17 illustrates the data entry window used for the Snyder Unit Hydrograph method
for Continuous Simulation Analyses. A similar data entry window is used for Hypothetical
Event Analyses.

C3Sn 01.01.00 RUNGOGE
Study ID RBENDZ " Runoff Hydrograph Parameters (RUNOFF) J
Enter Basin Runoff Data
Basin ID UPPER
Upper Sub-basin for App. C example.
Basin Drainage Area (sq ni)l 7.50
Percent of Drainage Area Impervious 15.0
Enter Monthly Base Flow Rates Yes No
Basin Infiltration Loss Data
Generalized Runoff Coefficients
{Initial-Uniform-Recovery Methodl
No Losses Computed
Snyder’s Unit Hydrograph
Basin Unit Hydrograph Data
Clark’s Unit Hydrograph Standard Lag TP (hr) 4.00
[Snyder’s Unit Hydrograph ] Peaking Coefficient CP 6.00000
3CS Dimensionless Unit Graph Display (Tabulate) U. Hyd.?7 [RISRG]
Enter Unit Hydrograph
iHelp  ZPrtScr 3 4 5 6D0S ? 8 9 10Exit
Press SPACE to select: Press <F18> to Save Data and Return

FIGURE 4.17 Snyder Unit Hydrograph Data Entry Window

The Standard Lag and Peaking Coefficient values entered in this window must both be
greater than zero (0). After these values are entered, the unit hydrograph may be computed
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for tabulation or plotting, in the same way described for the Clark Unit Hydrograph
method in the previous section.

4.2.3.3. SCS Dimensionless Unitgraph Computation

Input data for the Soil Conservation Service (SCS) dimensionless unitgraph method (1972)
consists of a single parameter, T;,, which is equal to the lag time (hours) between the
center of mass of rainfall excess and the peak of the unit hydrograph. The time to peak of
the unitgraph is computed using the following equation:

At 4.26
Topak =5 + Trac
in which: ”
Tppak = the time to peak of the unitgraph, in hours
At = the computation time interval, in hours
T} 5 = the watershed lag value, in hours
The peak flow rate of the unitgraph is computed using the following equation:

0 _ 484 AREA 4.27
PEAK ™ Tpgax

in which:

Oprax = the peak flow rate of the unitgraph

AREA = the watershed area in square miles

Tprag = the time to peak as computed using the previous equation.

The constant in this equation (484) is valid only for terrain with moderate slopes. The
constant would change to about 600 for steep terrain or to about 300 for flat, swampy
terrain [SCS, 1972]. The shape of the dimensionless unitgraph would change accordingly.

The unit hydrograph is interpolated for the specified computation interval and computed
peak flow rate from the dimensionless unitgraph shown in Figure 4.18. The dimensionless
unitgraph ratios are listed in Table 4.5.

1.0

08 / 1\

0 / \
LI / \
oo/ N
| ~—1
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FIGURE 4.18 SCS Dimensionless Unitgraph Method

0
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Since the program computation interval is used in the computation of Tpgsx and Qppax for
the unit hydrograph, changing the computation interval will affect the computed unit
hydrograph. In order to meet the assumptions made in formulating the SCS Dimensionless
Unitgraph method, the computation interval At should be less than or equal to 0.29 x Ty 4.

TABLE 4.5 SCS Dimensionless Unitgraph Discharge Ratios

Time Ratios Discharge Time Ratios Discharge
(t/T,) Ratios (9/4,) (t/T) Ratios (g/q,)
0.0 0.000 1.7 0.460
0.1 0.030 1.8 0.390
0.2 0.100 1.9 0.330
0.3 0.190 2.0 0.280
0.4 0.310 2.2 0.207
0.5 0.470 24 0.147
0.6 0.660 2.6 0.107
0.7 0.820 2.8 0.077
0.8 0.930 3.0 0.055
0.9 0.990 3.2 0.040
1.0 1.000 3.4 0.029
1.1 0.990 3.6 0.021
1.2 0.930 3.8 0.015
1.3 0.860 4.0 0.011
1.4 0.780 4.5 0.005
1.5 0.680 5.0 0.000
1.6 0.560
HEA 01.01.00 RUNCZ8

Study ID SILVERCR ﬂ Runoff Hydregraph Parameters (RUNOFF) JI

Enter Basin Runoff Data
Basin ID SILUVER Silver Creek using SCS UHG & I/U loss

Drainage Area (sq ni) 15.00
Percent of Drainage Area Imperwvious 10.08

Enter Base Flou Data and Recession Yes No
Infiltration Loss Data Unit Hydrograph Data

SCS Cuarve Number Method Clark’s Unit Hydrograph
Holtan Method Snyder’s Unit Hydrograph

[SCS Dimensionless Unit Graphl
Enter Unit Hydrograph

Green—fAnpt Method
[Initial-Uniform Method 1
No Losses Computed

——SCS Dimensionless Unit Hydrograph—

3CS Lag (hr) 5. 000
yes [nol

Display (Tabulate) U. Hyd.?
1Help  2PrtScr 3 4 5 6D0S ? 8 9 10Exit
Press <F10> to Save Data and Returm

FIGURE 4.19 SCS Dimensionless Unit Hydrograph Data Entry Window

Figure 4.19 shows the data entry window for the SCS Dimensionless Unit Hydrograph
Method for Hypothetical Event Analyses. A similar data entry window is available for
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Continuous Simulation Analyses. The SCS Lag value must be greater than zero (0). After
the lag value is entered, the unit hydrograph may be computed for tabulation or plotting,
in the same way described for the Clark Unit Hydrograph method in a previous section.

4.2.3.4. Entering a Unit Hydrograph

A unit hydrograph may also be entered directly by the user. Figure 4.20 shows the data
entry window for the this option. Each Unit Hydrograph Ordinate may be any value of
zero (O) or greater.

The Unit Hydrograph Tabulation Interval is entered as a number combined with a unit of
time. Time intervals must be between 5 minutes and 24 hours. Any of the following time
intervals are acceptable: 5SMIN, 10MIN, 15MIN, 30MIN, 1HOUR, 2HOUR, 3HOUR, 4HOUR,
6HOUR, 12HOUR, and 1DAY. The entered unit hydrograph must have the same duration
as the computation interval of the interior analysis which uses this unit hydrograph for
runoff computations. {See Chapter 10).

After the unit hydrograph is entered, the standard HEC-IFH cursor movement keys may be
used to move through the unit hydrograph ordinates. The [F9] plot key may be used to
display a plot of the unit hydrograph, similar to the example illustrated in Figure 4.15.

C3Sa 01.01.08 RUNOOS
Study ID RBENDZ " Runoff Hydrograph Parameters (RUNOFF) ]
Enter Basin Runoff Data
Basin ID UPPER
Upper Sub-basin for fApp. C example. Unit Hydro. Duration iU}
Basin Drainage Area (sqg mi) 7.50 Time Unit Hydrograph
Percent of Drainage Area Impervious 15.0 (HOUR) |Ordinates (cfs)
Enter Monthly Base Flow Rates Yes No 1
2
Basin Infiltration Loss Data 3
Generalized Runoff Coefficients 4
[Initial-Uniform-Recovery Method] 5
No Losses Computed 6
?
Basin Unit Hydrograph Data 8
Clark’s Unit Hydrograph 9
Snyder’s Unit Hydrograph 16
SCS Dimensionless Unit Graph 11
[Enter Unit Hydrograph ] 12

1Help ZPrtScr 3 6D0S
Press <F10> to Save Data and Return

FIGURE 4.20 Unit Hydrograph Data Eniry Screen

4.3. CHANNEL ROUTING DATA FOR UPPER SUB-BASIN

Four streamflow routing techniques may be applied in the HEC-IFH program. They include
the Modified Puls, Muskingum, and Muskingum-Cunge methods, as well as a simple lag
method with no attenuation of flows,

Figure 4.21 illustrates the channel routing menu screen for the Hypothetical Event
Analysis approach. A similar menu screen is used for the Continuous Simulation Analysis
approach. However, the Muskingum-Cunge method is implemented for Hypothetical
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analysis only. It is not practical for Continuous Simulations because of the lengthy
computations necessary.

RUNO31

HEA ©1.01.00
Study ID SILUVERCR ﬂ Runoff Hydrograph Parameters (RUNOFF) ]

Channel Routing Data for Upper Sub-Basin

Chanmel Routing ID gungling
Description odified Puls chammel routing

Computation nethod
[Modif ied Puls Chamel Routing 1
Muskingum Chammel Routing
Muskingum—Cunge Chammel Routing

Lag Channel Routing
No Chamnel Routing

1Help 2PrtScr 3Index 4 5 6D03S 7 8 9 10Exit
Press <F10> to Save Data and Return

FIGURE 4.21 Channel Routing Menu Screen

4.3.1. Modified Puls Routing Computation

The Modified Puls routing method [CHow, 1964] is a variation of the storage routing
method described by [HENDERSON, 1966]. It is applicable to both channel and reservoir
routing. Caution must be used when applying this method to channel routing. The degree
of attenuation introduced in the routed flood wave varies depending on the river reach
lengths chosen, or alternatively, on the number of routing steps specified for a single
reach. The number of routing steps is a calibration parameter for the Modified Puls storage
routing method; it can be varied to produce desired routed hydrographs. A storage
indication function is computed from given storage and outflow data:

STOR; + OUTFL, 4.28
At 2

STRI; = CX
in which:
STRI = the storage indication
STOR = the storage in the routing reach for a given outflow
OUTFL = the outflow from the routing reach in cfs
C = a conversion factor for units
At = is the time interval in hours

i = a subscript indicating corresponding values of storage and outflow.

Storage indication at the end of each time interval is given by
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STRI, = STRI, + & - Q¢ 4.29
in which:
@ is the average inflow in cfs
Qo is the outflow in cfs

Subscripts 1 and 2 indicate the beginning and end of the current time interval,
respectively.

The outflow at the end of the time interval is interpolated from a table of storage indication
(STRI) versus outflow (OUTFL). Storage (STR) is then computed from:

_ Q). At 4.30

RUNO10O

HEA 01.01.00 ,
Study ID SILUERCR ﬂ Runoff Hydrograph Parameters (RUNOFF) Il
Ch.Rt.ID MODPULS

Channel Routing Data for Upper Sub-Basin
Modif ied Puls Channel Routing

Storage
(ac—ft)

Number of Routing Steps

Note:
Usually equal to reach travel time
divided by computational time interval.

1Help ZPrtScr 3 -4 5 6DasS 7 8 10Exit
Press <F10> to Save Data and Return

FIGURE 4.22 Modified Puls Routling Data Entry Screen

Modified Puls routing is accomplished by providing a storage versus outflow relationship
as direct input to the HEC-IFH program. Such a relationship can be derived from water
surface profile studies or other hydraulic analyses of rivers or reservoirs. Figure 4.22
illustrates the data entry screen for the Modified Puls routing data. Modified Puls channel
routing is available for Continuous Simulation and Hypothetical Event analyses.

The Number of Routing Steps represents the number of routing reaches into which the
channel should be divided. Any integer value greater than zero (0) may be entered. The
first Storage and Outflow values should be zero (0). All subsequent values of storage and
outflow should increase. Up to 20 values may be entered in each column.

After the storage versus outflow relationship has been specified, press the [F9] plot key to
generate a plot of the relationship, as shown in Figure 4.23.
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CHANNEL ROUTING DATA
SILUVERCR MODPULS

6500 T T T T T T T T v T T T v T T T
6080 ; . . . . . . N
55080 ; . : . . . ! A ;
5098 : . : . . . . . :
4588 ; . . : . : . ;
4808 ; . . . . :
3588 ; . . . . . ;

3088 . - : -

Outflow C(cfs)

2500 | : - » : - . -
2000 I : : : : . . —
1see | . ‘, : : : .
1088 I : : , : : : - -

ses | : : : , . , . -

. L : L L . I L 1 L L L 1
a Se 108 15@ 208 258 308 358 4880 458

Storage f{ac—ft)

FIGURE 4.23 Modified Puls Storage-Outflow Plot

4.3.2. Muskingum Routing Computation
Muskingum channel routing is available for Continuous Simulation and Hypothetical
Event analyses. The Muskingum method [CORPs OF ENGINEERS, 1960] computes outflow
from a reach using the following equations:
in which:

2At 4.32

CA=5R -+ At

Q; = the inflow to the routing reach ’
Qo = the outflow from the routing reach
K = the travel time through the reach in hours

x = the Muskingum weighting factor
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The routing procedure may be repeated for several sub-reaches or routing steps (NSTPS) so
the total travel time through the reach is K. To insure the method's computational stability
and the accuracy of the computed hydrograph, the routing reach should be chosen so
that:

1 K 1 4.34
2(1-) = NSTPS x At= 2x

HEA 01.01.00 RUNO11
Study ID SILUVERCR ﬂ Runoff Hydrograph Parameters (RUNOFF) ]

Ch.Rt.ID MUSK1

Channel Routing Data for Upper Sub-Basin
Muskingum Chanmnel Routing

Number of Routing Steps 5]
Muskingum K Coefficient (hr)
Muskingum x Coefficient 0. 400000

Note Limits for K and x:

1 K 1

(L]
2

2(1-x) (comp. interval in hrs)(num. of steps) 2x

1Help ZPrtScr 3 6D0S
Press <F10> to Save Data and Return

FIGURE 4.24 Muskingum Routing Data Eniry Screen

Figure 4.24 shows the data entry screen for the Muskingum routing parameters. The
Number of Routing Steps represents the number of routing reaches into which the
channel should be divided. Any integer value greater than zero (0) may be entered. The
Muskingum K Coefficient is the travel time through the routing reach. This value must
also be greater than 0. The Muskingum x Coefficient may be any value from 0 through
0.5. A low value (near 0) would be entered for unimproved channels, because such a value
would result in greater hydrograph attenuation (reduction in peak flow rate) during
routing computations. A higher value (near 0.5) would be entered for improved channels. A
value of 0.5 for the x coefficient results in the hydrograph being translated (lagged) during
routing, but with no attenuation. In this case, the lag routing computation described in
the following section should be used to avoid spurious instability warnings during routing
computations.

4.3.3. Lag Routing Computation

The Lag Only routing method simply lags each hydrograph ordinate by a specified amount
of time. The peak of the hydrograph is not attenuated (reduced). Figure 4.25 illustrates the
data entry screen for the lag routing computation. Only one input value is required: the
Number of Hours to Lag Hydrograph. This value must be zero (0) or greater. Lag routing
computations are available for Continuous Simulation and Hypothetical Event Analyses.
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HEA 01.01.00 RUND16
Study ID SILVERCR ﬂ Runoff Hydrograph Parameters (RUNDFF) J
Ch.Rt.ID LAG1

Chanmel Routing Data for Upper Sub-Basin

Lag Channel Routing

Number of Hours to Lag Hydrograph

1Help 2PrtScr 3 4 5 6D03S s 8 9Plot 10Exit
Press <F10> to Save Data and Return

FIGURE 4.25 Lag Routing Data Entry Screen

To perform routing computations, the HEC-IFH program transforms the lag value into an
integer number of computation intervals. For example, the user may specify that the inflow
hydrograph will be lagged 1.5 hours. If a 1-hour computation interval is used for the
interior analysis (see Chapter 10), then the lag value will be adjusted to 1 interval. If a 30-
minute computation interval is specified, then the lag value will be 3 intervals.

4.3.4. Muskingum-Cunge Routing Computation

The Muskingum-Cunge channel routing technique is a non-linear coefficient method that
accounts for hydrograph diffusion based on physical channel properties and the inflowing
hydrograph.

The advantages of this method over other hydrologic techniiques are:

1. Physically-Based Parameters: the parameters of the model are based primarily on
the physical shape and condition of the stream channel.

2. Good Performance: the method has been shown to compare well against the full
unsteady flow equations over a wide range of flow situations [PONCE,
1983][BRUNNER, 1989];

3. Computation Imterval: the solution is independent of the user-specified
computation interval.

The major limitations of the Muskingum-Cunge application in HEC-IFH are that:
1. No Backwater: it can not account for backwater effects.

2. Low Slopes: the method begins to diverge from the full unsteady flow solution
when very rapidly rising hydrographs are routed through very flat slopes (i.e.
channel slopes less than 1 ft. /mile).
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The Modified Puls and Muskingum channel routing implementations in HEC-IFH are
identical to the implementations in the HEC-1 computer program. The Muskingum-Cunge
Routing implementation is almost identical, differing only in the maximum number of
hydrograph ordinates which can be routed. HEC-1 limits the number of hydrograph
ordinates to only 300 or 2,000, depending on which version of the program is selected.
HEC-IFH, however, allows hydrographs of up to 10,000 ordinates to be routed. This is
sufficient for a hydrograph of about 34 days using a 5-minute computation interval. The
Muskingum-Cunge channel routing is not implemented for Continuous Simulation
Analysis because of the lengthy computations which are required for the method.

The basic formulation of the equations is derived from the continuity equation and the
diffusion form of the momentum equation:

%—? + 88_8 =q (continuity) 4.35
S-S Y (diffusion form of Momentum equation) 4.36
f =0~ dx

By combining Equation 4.35 and 4.36 and linearizing, the following convective diffusion
equation is formulated [MILLER AND CUNGE, 1975]:

@ SQ_ 82_Q 4.37
ot " Cox THex2 Y YL ’

in which:

QO = Discharge

A = Flow area

t = Time in seconds

x = Distance along the channel

Y = Depth of flow

q; = Lateral inflow per unit of channel length
Sf: Friction slope

S, = Bed Slope

¢ = The wave celerity in the x direction as in Equation 4.38.

c=29 4.38
A X
The hydraulic diffusivity (u) is expressed as follows:

9 4.39

H=9Bs,
where B is the width of the water surface.

Following a Muskingum-type formulation, with lateral inflow, the continuity Equation 4.35
is discretized on the x-t plane to yield:

n+l n+l

Qi = CIQ;"' Gy + Cs,jil +C O 4.40

where:
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Al ox 4.41

K
Cr ="t
—I'{-+2(1-X)

At
- 4.42
K 2X

C2 =
At
7l 2(1-X)

At
2(1-X) - £ 4.43

At
I 2(1-X)

At 4.44
2( K )
C4 =

At
Il 2(1-X)

C3=

QL = qLAx 4.45

It is assumed that the storage in the reach is expressed as the classical Muskingum

storage:
S=KI[XI+ (1-X)0] 4.46

where:

S = channel storage

K = cell travel time {seconds)
x = weighting factor

I = inflow

O = outflow

In the Muskingum equation the amount of diffusion is based on the value of x, which
varies between 0.0 and 0.5. The Muskingum x parameter is not directly related to physical
channel properties. The diffusion obtained with the Muskingum technique is a function of
how the equation is solved, and is therefore considered numerical diffusion rather than
physical. In the Muskingum-Cunge formulation, the amount of diffusion is controlled by
forcing the numerical diffusion to match the physical diffusion (u) from Equation 4.37 and
Equation 4.39. The Muskingum-Cunge equation is therefore considered an approximation
of the convective diffusion equation (Equation 4.37). As a result, the parameters K and x
are expressed as follows [CUNGE, 1969], [PONCE, 1981]:

4.47
K=
C
xo 1.9 4.48
~2|" " BS,cAx

Then the Courant (C) and cell Reynolds (D) numbers can be defined as :
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At 4.49
C=c Ax
and
D= Q 4,50
~ BS,cAx

The routing coefficients for the non-linear diffusion method (Muskingum-Cunge) are then
expressed as follows:

c =1*rC-D 451
171+C+D

c o2+ C+D 4.52
2 1+C+D

c.oi-C+D 4.53
371+C+D

C, = —2C 4.54
471+C+D

in which the dimensionless numbers C and D are expressed in terms of physical quantities
(@, B, S,, and ¢) and the grid dimensions (Ax and Ag.

The method is non-linear in that the flow hydraulics (Q, B, ¢). and therefore the routing
coefficients (C,, C,, C3, and C4 are re-calculated for every Ax distance step and At time
step. An iterative four-point averaging scheme is used to solve for ¢, B and Q. This process
has been described in detail [PONCE, 1986].

Values for At and Ax are chosen internally by the model for accuracy and stability. First, At
is evaluated by looking at the following three criteria and selecting the smallest value:

1. The user defined computation interval, NMIN.
2. The time of rise of the inflow hydrograph divided by 20 (T,/20).
3. The travel time of the channel reach.

Once At is chosen, Ax is evaluated as follows:

Ax = cAt 4.55

but Ax must also meet the following criteria to preserve consistency in the method [PONCE,
1983]:

1 9 4.56
Ax<3 (cAt+ BSOC)
where Q,, is the reference flow determined from Equation 4.57:
Qo = QR + 0'50(Qnmk - QR) 4.57

where Qp is the base flow taken from the inflow hydrograph. Ax is chosen as the smaller
value from the two criteria. Before the hydrograph is used in subsequent operations, it is
converted back to the user-specified computation interval.
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Figure 4.26 illustrates the main data entry screen for the Muskingum-Cunge method. As
shown, a Channel Length must be entered for the routing reach. This channel reach
length may be any value above zero (0). A positive value is also required for the Channel
Invert Slope, or Bed Slope, S, The Channel Roughness Coefficient is the Manning
roughness coefficient (n-value) for the channel portion of the cross-section. Any value
greater than O but less than 1 is acceptable for the n-value.

HEA 01.01.00 RUND12
Study ID SILUERCR ﬂRunoff Hydrograph Parameters (RUNOFF) ]
Ch.Rt.ID MCUNGE1
Channel Routing Data for Upper Sub-Basin
Muskingun—Cunge Channel Routing
Channel Length (f1) 24000 .0
Channel Invert Slope (ft/ft) 0.00080
Channel Roughness Coefficient [RiMeteIEc
Charmel Shape
Trapezoidal Chamnel
Circular Chamnel
[Eight-Point Cross-Sectionl
1Help 2PrtScr 3 4 5 6005 7 8 9Plot  10Exit
Press <F10> to Save Data and Return

FIGURE 4.26 Muskingum-Cunge Rouling Data Entry Screen

The Muskingum-Cunge method can be used with a simple trapezoidal or circular cross-
section, or a more detailed 8-point cross-section. A menu is provided, as shown in Figure
4.26, to select the channel cross-section shape. The appropriate shape is selected by using
the up-arrow and down-arrow cursor movement keys to highlight the desired shape, the
pressing the space bar to complete the selection. A data entry screen will appear for the
selected shape.

Figure 4.27 shows the data entry screen for a trapezoidal channel. Only two data values
are required to describe a trapezoidal channel. These are the Trapezoidal Channel
Bottom Width and the Trapezoidal Channel Side Slope. These values may be zero (0) or
greater, as long as both values are not zero. The Channel Bottom Width is zero for a
triangular channel, and the Channel Side Slope is zero for a rectangular channel.

Figure 4.28 shows the data entry screen for a circular channel. The Circular Channel
Diameter must be greater than zero.
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HEA 01.01.00 RUNO13
Study ID SILVERCR ﬂ Runoff Hydrograph Parameters (RUNOFF) ]
Ch.Rt.ID HMCUNGE1
Charnmel Routing Data for Upper Sub-Basin
Muskingum—Cunge Channel Routing
Charmel Length (£t} 24000.0
Channel Invert Slope (£t It} 0.00080
Channel Roughmess Coefficient 0.015000
Chanmel Shape
[Trapezoidal Chamel
Circular Chamnel
Eight-Point Cross-Section
Trapezoidal Chammel
Channel Bottom Width (ft) 25 .00
Channel Side Slope (ft ft) 1.00000
1Help ZPrtScr 3 4 5 6D0S 7 8 9Plot  10Exit
Press <F10> to Save Data and Return
FIGURE 4.27 Muskingum-Cunge Trapezoidal Channel Data Entry Screen
HEA 01.01.00 RUNO14
Study ID SILUVERCR I Runoff Hydrograph Parameters (RUNOFF) ﬂ
Ch.Rt.ID HMCUNGE1
Channel Routing Data for Upper Sub-Basin
Muskingum—-Cunge Chammel Routing
Channel Length (ft) 24000.0
Charmel Invert Slope (ft-/ft) 0.00080
Channel Roughness Coefficient ©.015000
Channel Shape
Trapezoidal Chamel
[Circular Chanmel ]
Eight-Point Cross-Section
Circular Channel
Channel Diameter (ft)
1He lp ZPrtSer 3 4 5 6D0S ? B 9P lot 16Exit
Press <F190> to Save Data amnd Return

FIGURE 4.28 Muskingum-Cunge Circular Channel Data Entry Screen
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Figure 4.29 shows the data entry screen for an Eight-Point Cross-Section. This data entry
screen allows a more complex cross-sectional shape to-be represented as a set of exactly
eight (8) pairs of offset-elevation coordinates. Two of these coordinate pairs must be in the
left overbank portion of the cross-section (outside the left channel bank). Two others must
be in the right overbank portion of the cross-section (outside the right channel bank).

HEA 01.01.00 RUNO15
Study ID SILUERCR Hiﬂunoff Hydrograph Parameters (RUNDFF) ]

Ch.Rt.ID MCUNGE1

Channel Routing Data for Upper Sub-Basin
Muskingum--Cunge Channel Routing
Eight-Point Cross-Section
Length 24000.0 Slope 0.00080 Roughness 6.015000
Distance | Elevation Roughness Coefficients

Location (£t (ft) (Manning’s n-values)

Left Overbank 0 .060000
Right Dverbank | SJCS186100¢]

Left Owverbank
Left Overbank
Left Bank
Channel
Channel

Right Bank
Right Owverbank
Right Ouverbank

1Help ZPrtScr 3 4 5 6D0S 7 8 9 10Exit
Press <F10> to Save Data and Return

FIGURE 4.29 Muskingum-Cunge 8-Point Channel Data Entry Screen

The left and right channel bank locations must be represented by two of the coordinates.
The remaining two coordinate pairs are used within the channel itself, usually
representing the toe of the channel bank slope on each side.

Each Distance (offset) value may be zero (0} or greater. Each distance value must be
greater than the previous value. The Elevation values must fall within the valid range of
elevations specified in Chapter 2.

Since the eight-point cross-section has overbank portions, additional n-values are required
to specify the Roughness Coefficients of the overbanks. These may be given any value
greater than O but less than 1.

To verify the shape of the eight-point cross-section, the cross-section may be plotted by
pressing the [F9] key. Figure 4.30 illustrates such a cross-section plot.
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CHANNEL CROSS-SECTION
SILVERCR MCUNGE1
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FIGURE 4.30 Muskingum-Cunge 8-Point Channel Plot

4.4. SPECIFYING RUNOFF DATA

The screen used for specifying Runoff Module data is illustrated in Figure 4.31. Like other
HEC-IFH data entry modules, the RUNOFF module data is stored under a Module ID.
Several RUNOFF module data sets may be stored under different IDs. When the cursor is

on the Module ID field, the key displays a list of previously-stored IDs. Any of these
previous IDs may be selected, and the corresponding data will be loaded for editing,

The 40-character Description is used to provide documentation for each RUNOFF Module
data set.

The RUNOFF module data may consist of a Channel Routing ID for the upper sub-basin
and a Basin ID for each interior basin. Any Channel Routing ID or Basin ID already
defined for the present STUDYID may be selected. When the cursor is on each ID field, the

key displays a list of previously-defined IDs. Any of these previous IDs may be selected.

Any of the IDs may be omitted. Here are several examples:

e If the interior area consists of a Lower Interior sub-basin only, then the Upper
Interior Basin ID and the Channel Routing ID should be omitted.

e If the interior area includes Lower and Upper Interior sub-basins, but you prefer
not to use the HEC-IFH runoff computation routines for the upper sub-basin, then
the Upper Interior Basin ID should be omitted. In this case, Auxiliary Inflows are
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generally included for the upper sub-basin (see Chapter 9). A Channel Routing ID
must be included if it is required to route these flows downstream to the interior
ponding area.

e If the interior area consists of an Upper Interior sub-basin only (not likely), then the
Lower Interior Basin ID should be omitted.

e If you prefer not to use the HEC-IFH runoff computation routines to model the
runoff of the lower sub-basin, then the Lower Interior Basin ID may be omitted. In
this case, Auxiliary Inflows are generally included for the lower sub-basin (see
Chapter 9).

You may re-enter this data entry screen later to change the IDs for the sub-basins or the
Channel Routing, or to enter additional basin data or channel routing data under new IDs.

RUNO1?

C3A 01.01.00
Study ID RBENDZ H Runoff Hydrograph Parameters (RUNOFF) ]

Assign Basin Runoff Data Set for Each Sub-Basin

Module ID RUNOFF1
I nd i Al IlRunof f data for App. C. example.

Drainage Area
Sub-Basin Basin ID Description (sq mi)
Lower Interior |IMENH Louer sub-basin for App. C example. 5.00
Upper Interior |ggay Upper Sub-basin for App. C example. ?.50

Upper Sub-Basin Channel Routing ID [j1iRFgon}
Channel routing data for App. C example.

1Help ZPrt3cr 3Index 4 5 6D0S e g8 9 10Exit
Press <F10> to Save Data and Return

FIGURE 4.31 Runoff Module Data Specification Screen

See Chapter 8. Exterior Stage, for specifying the runoff data set to be used to compute
exterior basin runoff hydrograph, if required.
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CHAPTER 5.
Interior Pond

5.1. INTRODUCTION

One important element of most interior flooding studies is the analysis or design of an
interior ponding area. Such an area provides temporary storage of floodwaters during
storm events. The HEC-IFH computer program is limited to the consideration of a single
ponding area. Multiple ponding areas may be considered only if they are hydraulically
linked such that the water surfaces in all ponding areas rise and fall together.

The interior ponding area characteristics must be specified and are described using a table
of pond water surface elevations versus pond surface area values. The HEC-IFH program
uses this data to compute the pond storage volume during flood routing computations.

HEC-IFH uses the water surface elevation in the interior ponding area to compute the
headwater elevation for all gravity outlets and pumps. Since the program considers only
one interior ponding area, all outlets are influenced by the same interior water surface
elevation. A varying tailwater condition can be specified for up to five locations as
described in Chapter 8.

The discharge rate of gravity outlets and pumps may be limited by the flow capacity of a
discharge channel which conveys flow from the interior ponding area to the outlets. If such
a condition is to be simulated, a table of pond water surface elevations versus channel
discharge rate can be specified to define the channel capacity. The HEC-IFH program
assumes that all gravity outlets and pumps are served by the same discharge channel.

MDAC
Interior Pond
(POND)

PONDO3
Enter Surface Areas Enter DP?CI\I'J\D;:ﬂn PONDOS
for Computing Table 9 Specify Module Data

Volumes

PLOT
Ditch Rating Table

PLOT

Pond Surface Areas
Pond Storage

Volumes

FIGURE 5.1 POND Module Structure




CHAPTER 5: Interior Pond Interior FHood Hydrology (HEC-IFH) User's Manual

Figure 5.1 shows the structure of the HEC-IFH program screens which deal with data
entry and plotting for the interior pond and ditch. As shown, HEC-IFH provides two data
entry screens and two plots for pond data. These are available through the POND Module
Menu Screen, which is illustrated in Figure 5.2. Pond module data entry is handled
identically in both the Continuous Simulation and Hypothetical Event analysis
approaches.

CSa 01.01.00 MCAC
Study ID RBENDZ [Interior Pond (POND) “
Select Option:

. Enter Surface fAreas for Computing Volumes

B. Enter Ditch Rating Tahle

C. Specify Module Data
1Help Z2PrtScr 3 4 5 6D0S s 8 9 10Exit

Press Letter: or use Arrow Keys and <Enter> to Select

FIGURE 5.2 POND Module Menu Screen
5.2. POND ELEVATION VERSUS SURFACE AREA TABLE

The data entry screen shown in Figure 5.3 is used to enter the elevation versus pond
surface area table. Up to 20 values may be used. The pond storage volume at each
elevation is automatically computed using an average end-area method. The program
displays the computed volumnes on the screen during data entry.

It is immportant to enter an appropriate elevation-area relationship in the table. A sufficient
number of data points must be entered to describe the curvilinear relationship. The
program uses linear interpolation between entered points for area, and average end-area
for volume. The final (highest) elevation entered should equal or exceed the highest interior
stage expected during the analysis. The program will not extrapolate beyond this last
point. This highest elevation is also used for setting limits on gravity outlet rating tables
used internally by the program (see Chapter 6). For this reason, an unrealistically high
elevation should not be used.

Several pond surface area tables may be entered, with each one stored under a different
Storage Table ID. When the cursor is on the Storage Table ID field, the key displays a

list of previously-defined IDs. When any previous ID is selected, the corresponding table is
displayed for editing.
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C3a 01.01.009 PONDO3
Study ID RBENDZ ﬂ Interior Pond (POND) ﬂ
Enter Surface Areas for Computing Volumes
Storage Table ID Pond Surface | Storage
Elevation Area Vo lune
Description rt) (ac) (ac-ft)
Interior pond for fipp. C example:.
0.0
2.0
9.0
21.5
66.5
169.0
334.0
571.5
909.06
1371.5
1984.0
7384.0
0.0
lHelp ZPrtScr 3Index 4 ' 5 6D03 7 (i] 10Exit
Press <F10> to Save Data and Return
FIGURE 5.3 Pond Surface Area Data Entry Screen
POND SURFACE AREA AND STORAGE VOLUME
RBENDZ2 POND1
—_ VOLUME - - AREA Area (ac)
8 200 408 6980 800 le9e 1208 1908 1608 1808 2808
606 T T v T T T T T T T T T L T T T T T
a4
662
S @9
V]
§ sos
=
3
¥ 996
&
S99
592
596 i I 1 1 ) H 1 1 A 1 L 1 1 1
-] 1608 2888 3888 4880 Saes 6008 76886 soas
Volume C(ac-Fft

FIGURE 5.4 Pond Surface Area and Storage Volume Plot
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All Elevation values must fall within the allowable minimum and maximum values
described in Chapter 2. Surface Area values must be zero (0) or greater. Each elevation

value should also equal or exceed the previously-entered value. Pressing the [Fo] key

causes the elevation versus surface area and computed pond storage volume tables to be
plotted on the computer screen. Figure 5.4 illustrates this plot.

5.3. INTERIOR DITCH RATING TABLE

Sometimes gravity and pump outlets are separated from the interior ponding area by a
channel or ditch. The capacity of this ditch limits the total outlet capacity of the interior
system. When the capacity of the ditch is less than the combined outlet capacity of the
gravity and pump outlets, flow is apportioned to the gravity outlet(s) and then to the pump
outlet(s).

For evaluating new facilities, the ditch capacity should be sufficient to convey flow to the
gravity outlets and pumping stations without restricting the combined outlet capacity of
these facilities.

An interior ditch rating table is used to describe the capacity of the outlet ditch at various
interior ponding elevations. The ditch table is input directly to the HEC-IFH program in the
form of a table of water surface elevations and corresponding channel discharges. Up to 20
data points may be used. Figure 5.5 illustrates the appearance of the data entry screen for
the ditch rating table.

CSa 01.01.00 PONDO4
Study ID RBENDZ2 ﬂ Interior Pond (POND) ]
Enter Ditch Rating Table
Ditch Table ID Pond Discharge
Elevation Capacity
Description (ft) (cfs)

Interior Ditch (Pond to Outlets)

Note: If discharge capacity is left blank,
capacity is assumed to be unlimited.

i1Help ZPrtScr 3Index 4 5 6D0S 7 8 9Flot  10Exit
Press <F10> to Save Data and Return

FIGURE 5.5 Data Entry Screen for Ditch Table
Several ditch rating tables may be entered, with each one stored under a different Ditch
Table ID. When the cursor is on the Ditch Table ID field, the key displays a list of

previously-stored IDs. Any of these previous IDs may be selected, and the corresponding
table will be loaded for editing.
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The 40-character Description is used to provide documentation for each ditch table.

The Discharge Capacity always begins with a value of zero (0) corresponding to the first
Elevation value. The range of elevations specified for the ditch rating table should
correspond to the range of elevations specified for the pond elevation-surface area
relationship. All elevation values must fall within the allowable minimum and maximum
values described in Chapter 2. Each discharge capacity and elevation value should equal
or exceed the previously entered value.

Pressing the [F9] key causes the ditch rating table to be plotted on the computer screen.
Figure 5.6 illustrates the plot.

DITCH RATING DATA
RBEND2 DITCH1

(=1 1) T T T T T T T T T T T T T T g T y Y
684 . . . . . . ##’;f,w”f#f#;ft

600
598

996

Elevation (ft)

5949

s92 . , . . . - . . -

598 . I . 1 L ! . I . 3 . i . ! ; L : ]
e 2080 4000 6000 8000 10000 12608 14908 1cOAG 15990 20800

Capacity (cfs)

FIGURE 5.6 Inferior Ditch Table Plot

5.4. SPECIFYING POND DATA

Figure 5.7 illustrates the screen used to specify data for the POND module. Like other
HEC-IFH data entry modules, the POND module data is stored under a Module ID. You
may store several POND module data sets under different IDs. When the cursor is on the
Module ID field, the [F3] key displays a list of previously-stored IDs. You may select any of

these previous IDs, and the corresponding data will be loaded for editing. The 40-character
Description is used to provide documentation for each POND Module data set.

93



CHAPTER 5. interior Pond Interior Flood Hydrology (HEC-IFH) User's Manual

CSA 01.01.00 PONDOS
Study ID RBENDZ ﬂ Interior Pond (POND) ]
Specify Module Data

Module ID INTPOND1

Description Interior pond module data for App. C.

Storage Table ID Ixiiixi Interior pond for App. C example.

Ditch Table ID
1Help 2PrtScr 3 4 5 6D0S ? 8 9 10Exit

Press <F10> to Save Data and Return

FIGURE 5.7 Pond Data Specification Screen

The POND module data consists of a pond Storage Table ID and a Ditch Table ID. Any
Storage Table ID or Ditch Table ID already entered for the present STUDYID may be

selected. When the cursor is on each ID field, the key displays a list of previously-
stored IDs. Any of these previous IDs may be selected.

If the interior ponding area is connected directly to the gravity and pump outlets with no
ditch, the Ditch Table ID may be omitted. If a Ditch Table ID is specified, the flowline
elevation of the ditch must be at or above the minimum elevation of interior pond. If not,
the interior pond routing computations may be unstable. The HEC-IFH program compares
these two values and issues a warning message if necessary.

You may re-enter the POND module later in order to change the ID for the Storage Table or
the Ditch Table, or to enter additional Storage Tables or Ditch Tables under new IDs.
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CHAPTER 6.
Gravity Outlets

6.1. INTRODUCTION

Culverts are the most common types of gravity outlets for interior areas. A culvert is a
relatively short length of closed conduit which connects two open channel segments or
bodies of water. Two types of culverts are commonly used: circular or pipe culverts,
which have a round cross-section, and box culverts, which are rectangular in cross-
section. Figures 6.1 and 6.2 illustrate circular culverts and box culverts, respectively.

| Diameter [ / Chamfered Corner
Vs | ===
> 2z N
g »
| "\ | |Height
Flow| |v ~ Flow > {(Rise)
Dep Area X R
¥ h >
Flow Jz/ Flow ) » ° ® S g 2 { a4
Depth Area L |
Width (Span)
FIGURE 6.1 Cross-Section of a Circular FIGURE 6.2 Cross-Section of a Box Culvert

Culvert

Culverts are made up of an entrance where water flows into the culvert, and a barrel,
which is the closed conduit portion of the culvert. The total flow capacity of a culvert
depends upon the characteristics of the entrance as well as the culvert barrel.

Exterior (River Side) Interior (Land Side)
Headwater
Tailwater < Line-of-Protection \ '
! /
Gravity Outlet interior Invert
Exterior Invert D/ el
\«% 4
TR | | ‘ =~
I Length

FIGURE 6.3 Gravity Outlet Structure

The tailwater at a culvert is the depth of water on the discharge or downstream side of the
culvert, as measured from the downstream flow-line of the culvert. The flow-line is the
lowest point on the inside of the culvert at a particular cross-section. It is sometimes called
the invert. The tailwater depth depends on the flow rate and hydraulic conditions
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downstream of the culvert. In HEC-IFH, the tailwater depth is computed using the exterior
stage values.

The headwater at a culvert is the depth of water on the entrance or upstream side of the
culvert, as measured from the upstream flow-line of the culvert. The headwater is related
to the tailwater as follows:

Tailwater
+ Energy Loss Through Culvert
- Drop in Flow-Line Elevation Through Culvert
= Headwater

MDAD
Gravity Outiets
(GRAVITY)
GRAVO2 GRAV0O4 GRAVO8
Enter Gravity Outlet Compute Gravity Assign Location for
Rating Table Qutiet Rating Table Each Outlet Structure
Page 1 of 2 for Cuivert D

GRAVO3 GRAVOS GRAV06
Enter Gravity Cutlet Compute Gravity Compute Gravity
Rating Table Outiet Rating Table Qutlet Rating Table
Page 2 of 2 for Box Culvert for Circular Culvert

GRAVO9

PLOT
View Computed
Gravity Outiet Rating
Table Gravity Outlet Rating

Table

PLOT
Computed Gravity
Outlet Rating Table

FIGURE 6.4 GRAVITY Module Structure
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The HEC-IFH program can use up to twenty-five (25) gravity outlets in each interior
analysis. These gravity outlets discharge water from the interior ponding area. The gravity
outlets and pumps may be separated from the interior ponding area by an interior ditch,
as described in Chapter 5, which may limit the total outflow capacity of the interior
system. For interior analyses, the culvert headwater is the interior ponding elevation and
the culvert tailwater is the exterior stage. Two items of information are required for each
gravity outlet:

e A gravity outlet rating table which lists the headwater depth required for a range
of outlet flow rates and tailwater depths. During the interior analysis, the discharge
rate of each gravity outlet is computed using this table. This table may be entered
by the user, or computed by the HEC-IFH program for circular or box culverts.

» The gravity outlet location. This allows HEC-IFH to adjust the exterior stage or
tailwater condition to match the actual location of each gravity outlet.

Figure 6.4 shows the structure of the HEC-IFH program screens which deal with data
entry and plotting for gravity outlets. As this figure indicates, HEC-IFH provides the
capability of computing as well as entering a gravity outlet rating table. Rating tables may
be computed for box culverts as well as pipe culverts. After the rating tables are computed,
the location of each outlet must be specified.

The Continuous Simulation and Hypothetical Event analysis approaches both use the
same gravity outlet data entry screens. Figure 6.5 illustrates the main menu screen of the
GRAVITY module.

CShA 01.01.00 MCAD
Study ID RBENDZ ﬂ Gravity Outlets (GRAVITY) ]
Select Option:
. Enter Gravity Outlet Rating Table

B. Compute Gravity Outlet Rating Table for Culvert

C. Assign Location for Each Dutlet Structure ID
1Help  2PrtScr 3 4 5 6D0S ? 8 9 10Exit

Press Letter: or use Arrow Keys and <Enter> to Select

FIGURE 6.5 GRAVITY Module Menu Screen
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6.2. ENTERING GRAVITY OUTLET RATING TABLE

A user-defined outlet rating curve may be directly input to the HEC-IFH program. This
allows the external preparation of rating data to determine head losses through outlet
structures.

Some preliminary information about the gravity outlet is required before the actual rating
table is entered. The preliminary information is entered on Gravity Outlet Rating Table
Data Entry Screen 1, which is illustrated in Figure 6.6.

The Outlet Structure ID is a string of alphanumeric characters used to assign a unique
identity to the structure. Up to 8 characters may be used. Several gravity outlet rating
tables may be entered, with each one stored under a different Outlet Structure ID. When

the cursor is on the OQutlet Structure ID field, the key displays a list of previously-

stored IDs. Any of these previous IDs may be selected, and the corresponding rating table
will be loaded for review or revision.

The 40-character Description is used to provide documentation for each gravity outlet
rating table.

The gravity outlet rating table may represent a number of identical outlets. If the Number
of Identical Outlets is greater than 1, the total discharge from the outlet installation is
computed as the discharge capacity of each outlet times the number of outlets. This
feature eliminates the need to enter the same gravity outlet rating table several times to
represent identical outlets. Any integer number of one (1) or more may be specified.

The Exterior Invert Elevation and the Interior Invert Elevation define the minimum
elevations of the outlet at its exterior (riverside) and interior (landside) ends, respectively.
No flow can occur through the gravity outlet until the interior ponding elevation exceeds
the interior invert elevation for the outlet. Figure 6.3 illustrates these elevations. Both
elevation values must fall within the range of valid elevations described in Chapter 2.

The optional Exterior Elevation for Gate Closure is the exterior stage elevation at which
gravity flows through the line of protection are assumed to cease. In other words, whenever
the exterior stage exceeds the Exterior Elevation for Gate Closure, the HEC-IFH program
sets the gravity outlet discharge equal to zero. This models the operation of interior
systems in which gates on the gravity outlets are automatically or manually closed when
the exterior stage reaches a critically high value.

If a value for gate closure is not entered or is zero, the gravity outlet will be open whenever
the interior elevation exceeds some minimum value. This is the Minimum Head for
Gravity Outlet Operation, which is specified during the Perform Interior Analysis data
input as described in Chapter 10. The gravity outlet will be closed for all other conditions.
In other words, no backflow through the outlet will occur when exterior elevation exceeds
interior elevation.

The Cross-Sectional Area of Each Outlet must also be entered. This value is not used in
any computations, but is listed in various summary reports for comparison with other
outlets. A value greater than zero (0) must be entered.

After entering the preliminary information on Gravity Outlet Rating Table Data Entry
Screen 1, the actual rating table values are entered on Gravity Outlet Rating Table Data
Entry Screen 2, which is illustrated in Figure 6.7. The table represents a matrix of
headwater values for combinations of up to 7 Tailwater values (across the top of the
screen) and up to 20 Flow Capacity values (down the left side of the screen).
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GRAVGZ

CShA 01.01.00
Study ID ~ RBENDZ ﬂGrauitg Outlets (GRAVITY) J

Enter Gravity Outlet Rating Table — Page 1 of 2

Outlet Structure ID g3E3ill}e4
Description [Exanple of 4x4 Box Culvert Outlet

Number of Identical Outlets 1

Exterior Invert Elevation (ft) 589.00
Interior Invert Elevation (ft)

Exterior Elevation for Gate Clasure (ft) 605 .00
(optional)

Cross-sectional firea, Each Outlet (sqft) 16.00

1Help ZPrtScr 3Index 4 5 6D0S s 8 9 10Exit
Press <F10> for Next Screen

FIGURE 6.6 Gravity Outlet Rating Table Data Eniry Screen 1

C3A 01.01.00 GRAVG3
Study ID RBENDZ ﬂ Gravity Outlets (GRAVITY) ]
Struc.ID 4X4BOX2
Enter Gravity Dutlet Rating Table — Page Z of 2
Headwater Elevation (ft)
Flow Taildater|TailWater|Taillater|Taillater|TailWater|TailWater
Capacity No Elev. 1| Elev. 2| Elev. 3| Elev. 4| Elev. 5| Elev. 6

TailWater 597.00

iHelp  2PrtScr 3 5 6D0s 7 8 10Exit
Press <F16> to Save Data and Return

FIGURE 6.7 Gravity Outlet Rating Table Data Entry Screen 2




CHAPTER 6: Gravity Outlets Interior Flood Hydrology (HEC-IFH) User's Manuail

The first flow capacity and tailwater values are always zero (0). Each succeeding flow
capacity and tailwater value should equal or exceed the previous value. If you enter a
decreasing value in either series of the table, the program will accept the decreasing value

and display it on the data entry screen. However, when you press the key to end data
entry, HEC-IFH checks the values which have been entered. If any values decrease, the
program increases them to match the next larger value in the table. All tailwater elevations
must fall within the valid range of elevations described in Chapter 2.

Pressing the [Fo] key displays a plot of headwater versus flow rate, as illustrated in Figure
6.8. Each line on the plot represents a different tailwater depth.

GRAVITY OUTLET RATING TAELE

RBEND2 4XABOX2
—__NOTAIL .. TAIL1 ___TAILZ — _TAIL3 ._.TAILE  ___. TAILS __ TAILG
630 T T e [T
625

&28

615

618

605

Headwater Elev (£t)

600

595

1 L [} M H 4 K B

s98 RS NPARS SISO AU YN SN S SO NS S NS TR |
a 20 48 60 88 1890 128 146 160 188 200 220 248 268 288 309

Flow Rate {(cfs)

FIGURE 6.8 Gravity Outlet Rating Table Plot

6.3. COMPUTING GRAVITY OUTLET RATING TABLE FOR CULVERTS

The HEC-IFH program will also compute outlet rating tables for circular or box culverts.
Some preliminary information about the gravity outlet is required before the rating table
can be computed. The preliminary information is entered on the screen illustrated in
Figure 6.9.




interior Floed Hydrology (HEC-IFH) User's Manual CHAPTER é: Gravity Outlets

GRAVO4

CSa 01.01.00
Study ID RBENDZ lLGrau ity Outlets (GRAVITY) ]

Compute Gravity Outlet Rating Table for Culvert

Outlet Structure ID 3giiih
Pescription Single 4x4 Box culvert.

Culvert Type: [Box1 Circular

1

Number of Idemtical Outlets
Length (ft)

Manning’s n

Entrance Loss Coefficient

* Tailwater Tabulation Interval (ft) 4.00
»» Flow Capacity Tabulation Interval (cfs) 20.0

Exterior Outlet Invert Elevation (ft) 589.00
Interior Outlet Invert Elevation (ft) 591.00

0.012000
0 . 460000

Exterior Elevation for Gate Closure (ft) JEiEeI0
* 1,?2th the expected elevation range s 1,20th the expected flou range
1Help ZPrtScr 3Index 4 5 6D0S 7 8 9 10Exit

Press <F10> to Save Data and Return

FIGURE 6.9 Data Entry Screen for Culvert Computations

The Outlet Structure ID is a string of alphanumeric characters used to assign a unique
identity to the structure. Up to 8 characters may be used. Several gravity outlet rating
tables may be computed, with each one stored under a different Qutlet Structure ID. When

the cursor is on the Qutlet Structure ID field, the key displays a list of previously-

stored IDs. Any of these previous IDs may be selected, and the corresponding culvert data
will be loaded for editing, .

The 40-character Description is used to provide documentation for each computed gravity
outlet rating table.

The culvert data may represent a number of identical culverts. If the Number of Identical
Outlets is greater than 1, the total discharge from the outlet installation is computed as
the discharge capacity of each culvert times the number of culverts. The number of
identical culverts may be any integer number greater than zero (0).

The Manning 'n' Value and the Entrance Loss Coefficient are described in the following
sections. The Culvert Length is illustrated in Figure 6.10. It must be greater than zero (0).

The Tailwater Tabulation Interval is the tailwater (exterior stage) elevation increment at
which HEC-IFH computes rating table values. The computed rating table begins with a
tailwater of zero, and each succeeding tailwater value is incremented by the tailwater
tabulation interval. A value greater than zero (0) must be entered.

The Flow Capacity Tabulation Interval is the flow rate increment used by HEC-IFH to
compute rating table values. The computed rating table begins with a flow capacity of zero,
and each succeeding flow capacity value is incremented by the flow capacity tabulation
interval. This tabulation interval must also be greater than zero (0). Together, the tailwater
and flow capacity tabulation intervals form a matrix for computing and displaying a rating
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table. Internally, the HEC-IFH program uses a 50 by 50 computed rating table during pond
routing computations.

The Exterior Invert Elevation and the Interior Invert Elevation define the minimum
elevations of the outlet at its exterior (riverside) and interior (landside} ends, respectively.
No flow can occur through the culvert until the interior ponding elevation exceeds the
interior invert elevation. Figure 6.10 illustrates these invert elevations. Both of these
elevations must fall within the range of valid elevation values described in Chapter 2. In
addition, the Interior Invert Elevation must be greater than or equal to the Exterior Invert
Elevation. In other words, the culvert barrel must have a positive slope or be horizontal. An
adverse slope is not allowed.

Exterior (River Side)
Tailwater . /

Interior (Land Side)

Tabulation / Line-of-Protection
Interval 74 —

_v

Gravity Outlet

—— Inferior Invert

Exterior Invert - - T
Ly Yl{_ . _—__—ﬁ
Length

FIGURE 6.10 Gravity Outlet Structure

The optional Exterior Elevation for Gate Closure is the exterior stage elevation at which
gravity flows through the line of protection are assumed to cease. In other words, whenever
the exterior stage exceeds the Exterior Elevation for Gate Closure, the HEC-IFH program
sets the gravity outlet discharge equal to zero. This models the operation of interior
systems in which sluice gates on the gravity outlets are automatically or manually closed
when the exterior stage reaches a critically high value. If this value is not entered, the
gravity outlet is assumed to remain open under all conditions. However, no backflow is
ever assumed to occur through the gravity outlets.

The exterior elevation for gate closure, if entered, must fall within the valid range of
elevation values described in Chapter 2. In addition, the gate closure elevation must equal
or exceed the exterior invert elevation for the gravity outlet.

6.3.1. Manning 'n’ Value

The Manning "n" Value is used by the program to compute friction losses for flows through
the outlet structure. Any value greater than zero but less than one may be entered. Tables
6.1 and 6.2 list Manning roughness coefficients for a wide variety of culvert materials.
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TABLE 6.1 Manning 'n’ for Closed Metal Conduits Flowing Partly Full

Type of Metal and Description Minimum Normal Maximum
Smooth Brass 0.009 0.010 0.013
Steel;
Lockbar and welded 0.010 0.012 0.014
Riveted and spiral 0.013 0.016 0.017
Iror
Coated Cast Iron 0.010 0.013 0.014
Uncoated Cast Iron 0.011 0.014 0.016
Black Wrought iron 0.012 0.014 0.015
Galvanized Wrought iron 0.013 0.016 0.017
Corrugated Metal:
Subdrain 0.017 0.019 0.021
Storm drain 0.021 0.024 0.030

Source: [CHOW, 1959, TABLE 5-6]
TABLE 6.2 Manning 'n’ for Closed Non-Metal Conduits Flowing Partly Full

Type of Material and Description Minimum Normal Maximum
Lucite: 0.008 0.009 0.010
Glass: 0.009 0.010 0.013
Cement:

Neat, surface 0.010 0.011 0.013

Mortar 0.011 0.013 0.015
Concrete:

Culvert, straight and free of debris 0.010 0.011 0.013

Culvert with bends, connections, and 0.011 0.013 0.014

some debris

Finished 0.011 0.012 0.014

Straight sewer with manholes, inlets, etc. 0.013 0.015 0.017

Unfinished, steel form 0.012 0.013 0.014

Unfinished, smooth wood form 0.012 0.014 0.016

Unfinished, rough wood form 0.015 0.017 0.020
Wood:

Stave 0.010 0.012 0.014

Laminated, treated 0.015 0.017 0.020
Clay:

Common drainage tile 0.011 0.013 0.017

Vitrified sewer 0.011 0.014 0.017

Vitrified sewer with manholes, inlet, etc. 0.013 0.015 0.017

Vitrified subdrain with open joint 0.014 0.016 0.018
Brickwork:

Glazed 0.011 0.013 0.015

Lined with cement mortar 0.012 0.015 0.017
Sanitary sewers coated with sewage slime 0.012 0.013 0.016
with bends and connections:
Paved invert, sewer, smooth bottom: 0.016 0.019 0.020
Rubble masonry, cemented: 0.018 0.025 0.030

Source: [CHow, 1959, TABLE 5-6]

103



CHAPTER 6: Gravity Outlets interior Flood Hydrology (HEC-IFH) User's Manual

TABLE 6.3 Manning 'n' for Corrugated Metal Pipe

Type of Pipe and Diameter Unpaved 25% Paved Fully Paved
Annular Corrugations
2.67 x 1/2 in. {(all diameters) 0.024 0.021 0.012
3 x 1 in. (all diameters below 48 inch) 0.027 0.023 0.012
1.50 x 1/4 inch Helical Corrugations
8 inch diameter 0.012 — —_—
10 inch diameter 0.014 — —_—
2.67 x 1/2 inch Helical Corrugations
12 inch diameter 0.011 —_ —_—
18 inch diameter 0.014 — —_
24 inch diameter 0.016 0.015 0.012
36 inch diameter 0.019 0.017 0.012
48 inch diameter 0.020 0.020 0.012
60 inch & larger 0.021 0.019 0.012
3 x 1 inch Helical Corrugations
48 inch diameter 0.023 0.020 0.012
54 inch diameter 0.023 0.020 0.012
60 inch diameter 0.024 0.021 0.012
66 inch diameter 0.025 0.022 0.012
72 inch diameter 0.026 0.022 0.012
78 inch & larger 0.027 0.023 0.012
6 x 2 inch Corrugations
60 inch diameter 0.033 0.028 —_—
72 inch diameter 0.032 0.027 —
120 inch diameter 0.030 0.026 —_
180 inch diameter 0.028 0.024 —

Source: American Iron and Steel Institute's "Modern Sewer Design”.

6.3.2. Entrance Loss Coefficient

Entrance and exit loss coefficients are used to compute so-called minor losses, or form
losses, due to the contraction and expansion of flow at the upstrearn and downstream
ends of a gravity outlet. Tables 6.4 and 6.5 contain appropriate values of entrance loss
coefficients for various outlet shapes and headwall configurations. Any value of zero (0) or
more may be used for the entrance loss coefficient. The exit loss coefficient is set equal to
1.0.

TABLE 6.4 Entrance Loss Coefficient for Box Culverls

Type of Structure and Design of Entrance Coefficient
Headwall parallel to embaniment (no wingwallsj:

Square edge of three edges 0.50

3 edges rounded to radius of 1/12 barrel dimension 0.20
Wingwalls at 15 to 45 degrees to barrel:

Square-edge top corner 0.40

Top corner rounded to radius of 1/12 barrel dimension 0.20

SOURCE: "Street and Highway Drainage”, Institute of Transportation and Traffic
Engineering, University of California at Berkeley, 1969.
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TABLE 6.5 Enfrance Loss Coefficient for Circular Culverts

Type of Structure and Design of Entrance Coefficient
Concrete Pipe Projecting from Fill (no headwall):
Socket end of pipe 0.20
Square cut end of pipe 0.50
Concrete Pipe with Headwall or headwall and wingwalls:
Socket end of pipe 0.10
Square cut end of pipe 0.50
Rounded entrance, with rounding radius = 1/12 of diameter 0.10
Corrugated Metal Pipe:
Projecting from fill (no headwalli) 0.80
With Headwall or headwall and wingwalls, square edge 0.50

6.3.3. Box Culvert Data

If a box culvert is specified, a special data entry screen is used to enter specific data about
the box culvert. Figure 6.11 illustrates the box culvert data entry screen.

CSA 01.01.00 GRAVOS
Study ID BRBENDZ [ Gravity Outlets (GRAVITY) ]
Struc.ID 4X4B0X
Compute Grawvity Outlet Rating Table for Box Culvert
fQutlet Pimensions :
Width (ft) 4.00
Height (ft) 4.00
FHUA Chart
88 Flared Wingwalls
09 Flared Wingwall and Inlet Top Edge Bevel
10 90-degree Headwall: Chanfered or Beveled Inlet Edges
11 Skewed Headwall: Chamfered or Beveled Inlet Edges
1Z Non-offset Flared Wingwalls: 3,4-inch Chamfer at Top of Inlet
13 Offset Flared Wingwalls: Beveled Edge at Top of Inlet
FHWA Scale 1]
1 UWingualls flared 36 to 75 degrees
Z Wingualls flared 96 or 15 degrees
3 Uingualls flared 6 degrees (sides extended straight)
1Help ZPrtScr 3 4 5 6D0S ? (5] 9 10Exit
Press <F10> to Save Data and Return

FIGURE 6.11 Box Culvert Data Entry Screen

The Width (span) and Height (rise) of the box culvert opening must be entered. Figure 6.2
on page 6-95 illustrates these dimensions. Both values must be greater than zero (0).

The FHWA Chart Number and FHWA Scale Number refer to a series of nomographs
published by the Bureau of Public Roads (now the Federal Highway Administration) in
1965 [BPR, 1965], which allowed the inlet control headwater to be computed for different
types of culverts operating under a wide range of flow conditions. These nomographs and
others constructed using the original methods were republished in 1985 [FHWA, 1985].

Each of the FHWA charts has from two to four separate scales representing different
culvert entrance designs. The appropriate FHWA Chart Number and Scale Number should
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be chosen according to the type of culvert and culvert entrance. Chart Numbers 8, 9, 10,
11, 12, and 13 apply only to box culverts. HEC-IFH automatically displays the available
Scale Numbers for each FHWA Chart Number on the data entry screen. The program also
checks the value of the Scale Number to assure that it is available for the given Chart
Number. For example, a Scale Number of 4 would be available for Chart 11, but not for
Chart 12.

Table 6.6 lists the FHWA Chart and Scale Number for Box Culverts. Figures 6.12 through

6.17 illustrate the culvert inlets corresponding to various box culvert charts.

TABLE 6.6 FHWA Chart and Scale Numbers for Box Culveris

Chart Scale Description

8

1
2
3

Box Culvert with Flared Wingwalls (see Figure 6.12)
Wingwalls flared 30 to 75 degrees
Wingwalls flared 90 or 15 degrees
Wingwalls flared 0 degrees (sides extended straight)

Box Culvert with Flared Wingwall and Inlet Top Edge Bevel (see
Figure 6.13)

Wingwall flared 45 degrees; Inlet top edge bevel = 0.043D

Wingwall flared 18 to 33.7 degrees; Inlet top edge bevel = 0.083D

10

W N

Box Culvert; 90-degree Headwall; Chamfered or Beveled Inlet
Edges (see Figure 6.14)

Inlet edges chamfered 3/4-inch

Inlet edges beveled 1/2-in/ft at 45 degrees (1:1)

Inlet edges beveled 1-in/ft at 33.7 degrees (1:1.5)

11

B W0

Box Culvert; Skewed Headwall; Chamfered or Beveled Inlet Edges
{see Figure 6.15)

Headwall skewed 45 degrees; Inlet edges chamfered 3/4-inch
Headwall skewed 30 degrees; Inlet edges chamfered 3/4-inch
Headwall skewed 15 degrees; Inlet edges chamfered 3/4-inch
Headwall skewed 10 to 45 degrees; Inlet edges beveled

12

WN -

Box Culvert; Non-Offset Flared Wingwalls; 3/4-inch Chamfer at
Top of Inlet {(see Figure 6.16)

Wingwalls flared 45 degrees (1:1); Inlet not skewed

Wingwalls flared 18.4 degrees (3:1); Inlet not skewed

Wingwalls flared 18.4 degrees (3:1); Inlet skewed 30 degrees

13

WN -~

Box Culvert; Offset Flared Wingwalls; Beveled Edge at Top of Inlet
{see Figure 6.17)

Wingwalls flared 45 degrees (1:1); Inlet top edge bevel = 0.042D
Wingwalls flared 33.7 degrees (1.5:1); Inlet top edge bevel = 0.083D
Wingwalls flared 18.4 degrees {3:1); Inlet top edge bevel = 0.083D

Interior Flood Hydrology (HEC-IFH) User's Manual
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/__\_\L_

Angle of Wingwall Flare

— = Flow

. FIGURE 6.12 Flared Wingwallls (Chart 8)

Face
450r 33.7 degrees  D/12(min) § | L \
Top Bevel, d
Bevel,d — D
?‘\Heigh’r, D (feet) Bevel Angle
AN AN A
_JVA\ N NANAN.
FIGURE 6.13 Inlet Top Edge Bevel (Chart 9)
Face Headwall
Bevel Angle S——
45 degreesford=1/2"xD
Top Bevel. d \_33.7 degrees ford = 1"x D B
— — —
Height, D (feet) 90 degrees
Face »
Bevel Angle ! . a
45 degreesforb=1/2"xB D/12 Min. Height__o.
Top Bevel, d 33.7 degrees for b = 1'x B Above Bevel _}
£ 289 - Bevel D Z
]\ Widith, B (feet) s v»/ l

FIGURE 6.14 Inlet Side and Top Edge Bevel with 90-degree Headwall (Chart 10)
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D/12 (min.)

.

! L

45 degrees

45 degreesz\%%\ \\\_____ _L

Flow —e 9tlc_if_g_rees B

f- 2B -l R Skew Angle___J e

Skew. , 5 !
Skew

\? 90 degrees

FIGURE 6.15 Inlet Side and Top Edge Bevel with Skewed Headwaill (Chart 11)

Skew Angle

%\ Py 18 4 degrees

Equal Flare Angles /' - ’
18 4 or 45 degrees "\ g

— ; Wingwall Equal Flare Angles
90 degrees

FIGURE 6.16 Non-Offset Flared Wingwalls (Chart 12)

Equal Flare Angles___ ? Q S D/12 (min) o
= ——— dj

T r
w
4 R Bevel, D
Wingwall Offse g Bevel Angle L

FIGURE 6.17 Offset Flared Wingwaills (Chart 13)
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6.3.4. Circular Culvert Data

If a circular culvert is specified, a special data entry screen is used to enter specific data
about the circular culvert. Figure 6.18 illustrates the circular culvert data entry screen.

CSA 01.01.00 GRAVO6
Study ID RBENDZ ﬂGrauitg Outlets (GRAVITY) “
Struc.ID 4X4BOX
Compute Gravity Outlet Rating Table for Circular Culvert

Outlet Dimensions :

Diameter (in) 48 .00
FHUAA Chart 1]

1 Concrete

2 Corrugated Metal

3 Concrete: Beuveled Ring Entrance
FHUA Scale 1]

1 Square edge Entrance with headuall

2 Groove end Entrance with headwall

3 Groove end Ewtrance, pipe projecting from fill
iHelp ZPrtScr 3 4 5 6D0S ? 8 9 10Exit

Press <F16> to Save Data and Return

FIGURE 6.18 Circular Culvert Data Entry Screen

The Diameter of the circular culvert opening must be entered. A value greater than zero (0)
must be used. Figure 6.1 illustrates the culvert diamneter.

TABLE 6.7 FHWA Chart and Scale Numbers for Circular Culverts

Chart Scale Description

1 Concrete Pipe Culvert
1 Square edge Entrance with headwall (see Figure 6.19)
2 Groove end Entrance with headwall {(see Figure 6.19)
3 Groove end Entrance, pipe projecting from fill (see Figure 6.21)

2 Corrugated Metal Pipe Culvert
1 Headwall {see Figure 6.19)
2 Mitered to conform to slope (see Figure 6.20)
3 Pipe projecting from f{ill (see Figure 6.21)

3 Concrete Pipe Culvert; Beveled Ring Entrance (see Figure 6.22)
1{A)  Small bevel: b/D = 0.042; a/D = 0.063; ¢/D = 0.042; d/D = 0.083
2(B) Large bevel: b/D = 0.083; a/D =0.125; ¢/D = 0.042; d/D = 0.125

Note: For Chart 3, enter Scale Number 1 for Scale A and Scale Number 2 for Scale B.

The FHWA Chart Number and FHWA Scale Number are described in the section entitled
"Box Culvert Data” beginning on page 105. Chart Numbers 1, 2, and 3 apply only to pipe
culverts, Table 6.7 and Figures 6.19 through 6.22 can be used for guidance in determining
which Chart and Scale Numbers to select for various types of culvert inlets. HEC-IFH
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automatically displays the available Scale Numbers for each FHWA Chart Number on the
data entry screen.

FIGURE 6.19 Inlet with Headwall and FIGURE 6.20 Inlet Mitered to Conform to
Wingwalls Slope
a4 a
B a’ ¢ 2
4 4
a N
4
7 18 0
4 Diameter=D
—_— 3

FIGURE 6.21 Culvert Inlet Projecting from Fill  FIGURE 6.22 Inlet with Beveled Ring
Entrance

6.4. VIEWING COMPUTED GRAVITY OUTLET RATING TABLE

The analysis of flow in culverts is quite complicated. It is common to use the concepts of
"Inlet Control" and "Outlet Control" to simplify the analysis. Inlet Control flow occurs
when the flow capacity of the culvert entrance is less than the flow capacity of the culvert
barrel. Outlet Control flow occurs when the culvert capacity is limited by downstream
conditions or by the flow capacity of the culvert barrel. HEC-IFH computes the headwater
required to produce a given flow rate through the culvert for Inlet Control conditions and
for Outlet Control conditions. The higher headwater "controls” and determines the type of
flow in the culvert for a given flow rate and tailwater condition. On the computed gravity
outlet rating table, inlet control headwater values are indicated by asterisks (*). Figure 6.23
illustrates a computed gravity outlet rating table.
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C3n 01.01.00 GRAVG9
Study ID BRBENDZ ﬂ Gravity Outlets (GRAVITY) n
Struc.ID 4X4BOX
View Computed Gravity Outlet Rating Table
Headuater Elevation (ft)
Flou TailWater|TailWater|TailWater|TaillWater|TailWater|TailWater
Capacity No Elev. 1| Elev. 2| Elev. 3| Elev. 4] Elev. 5| Elev. 6
{cfs) |ITailWater 593.00 597.00 601.00 605.00 609.60 613.00
0.0 591.00 593.00 597.00 601.00 605.00 609.00 613.00
20.0]j+ 592.42 593.05 597.65 601.05 605.05 609.05 613.05
40.0» 593.30]= 593.30 59?.22 601.22 665.22 609.22 613.22
60.0jl= 594.04]|= 594.04 597 .49 661.49 605.49 609.49 613.49
80.0| 594.71|»= 594.71 597.87 601.87 605.87 609.87 613.87
100.0)j= 595.34)= 595.34 598.36 682.36 606 .36 610.36 614.36
120.0)= 596.29|= 596.29 598.96 602.96 606.96 610.96 614.96
140.0)« 597.17|= 597.17 599.66 603.66 607.66 611.66 615.66
160.0j= 59B.07|+ 598.07 600 .48 604.48 608.48 612 .48 616.48
180.0}= 599.09|= 599.063 601.40 605 .40 609.40 613.40 617.490
200.0fj+ 600.24|* 600.24 602 .44 606 .44 610.44 614.44 618.44
iHelp ZPrtScr 3 4 5 6D0S 7 8 9P1ot 10Exit
% Inlet Control Press <PgDn>, <Pglp> or <F10>

FIGURE 6.23 Computed Gravity Outlet Rating Table

GRAVITY OUTLEY RATING TABLE
RBEND2 4XaBOX

—NOTAIL vou TAILL ---FTRIL2 - TAIL3 e FAILEG TAILS e TAILG

635 | | ' ' I I ' ' ’ ' 4 T T 1]
638
625
6ze
615
616 R MR Ll Cd .

eas

Headwater Elev (£t)

(=10

2995

s96 : L )
a S50 100 156 208 258 380 358 400

Flow Rate (cfs)

FIGURE 6.24 Computed Gravity Outlet Rating Table Plot
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For Inlet Control, the required headwater is computed by assuming that the culvert inlet
acts as an orifice or as a weir. Therefore, the Inlet Control capacity depends primarily on
the geometry of the culvert entrance. The inlet control headwater for a circular or box
culvert is computed using the methods applied in the HEC-2 computer program. These
methods were developed by Dodson & Associates, Inc. based on equations developed by the
Federal Highway Administration.

For Outlet Control, the required headwater is computed by taking the depth of flow at the
culvert outlet, adding all head losses, and subtracting the change in flow-line elevation of
the culvert from the upstream to downstream end. HEC-IFH considers the entrance losses,
the friction loss in the culvert barrel, and the loss of velocity head at the outlet in
computing the outlet control headwater of the culvert. The outlet control headwater is
computed using the same methods used in the HEC-2 computer program. These methods
are described later in this section.

Pressing the key displays a plot of headwater versus flow rate, as illustrated in Figure
6.24. Each line on the plot represents a different tailwater depth.

6.4.1. Internally Computed Gravity Outlet Rating Table

The program uses an expanded and "inverted" rating table to determine gravity outlet
discharge for any headwater and tailwater elevation. The inverted rating table has discharge
rather than headwater elevation as the internal element. A 50 by 50 matrix of headwater
and tailwater elevation versus discharge is constructed. Headwater elevations used in the
table range from the elevation of the bottom of the pond to the maximum interior elevation
specified for the pond surface area-elevation table. Tailwater elevations used in the table
range from the gravity outlet invert elevation to the maximum interior elevation specified for
the pond surface area-elevation table. This arrangement simplifies the interpolation of
culvert discharge during interior analyses and allows for a more accurate determination of
discharge than the data presented on the screen in Figure 6.23.

6.4.2. Computing Inlet Control Headwater

For inlet control conditions, the capacity of the culvert is limited by the capacity of the
culvert opening, rather than by conditions farther downstream. Extensive laboratory tests
by the National Bureau of Standards, the Bureau of Public Roads, and other entities
resulted in a series of equations which describe the inlet control headwater under various
conditions. These equations form the basis of the FHWA Inlet Control nomographs. [FHWA,

1985].

The FHWA inlet control equations are used by HEC-IFH in computing the inlet control
headwater.

The FHWA nomographs are considered to be accurate to within about 10% in determining
the required inlet control headwater [FHWA, 1985, P. 154]. The nomographs were computed
assuming a culvert slope of 0.02 feet per foot (2%). For different culvert slopes, the
nomographs are less accurate because inlet control headwater changes with slope.
However, HEC-IFH considers the slope in computing the inlet control headwater. Therefore,
the inlet control computations used in HEC-IFH should be more accurate than the FHWA
nomographs, for slopes other than 0.02 feet per foot.

6.4.3. Computing Outiet Control Headwater

For outlet control flow, the required headwater must be computed considering several
conditions within the culvert and downstream of the culvert. Figure 6.25 illustrates the
logic of the outlet control computations.
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Full Flow:
Headwater Depth
Computed Using
FHWA Full Flow
Equations

Yes, Outlet is Submerged

Is
Tailwater Depth >
Culvert Height
{Rise)?

No, Outlet is not Submerged

No, Slope is Positive is Culvert

Is
Normal Depth
in Culvert >
Critical Depth
in Culvert?

No, Flow is Super-Critical

Is
Tailwater

Depth > Yes

$1 Backwater:
Start with Tailwater
Depth to Determine
it Flow Reaches
Critical Depth in Culvert

]

Yes

Tailwater Depth >
Critical Depth in

Slope = 02

Yes, Flow is Sub-Critical

No, Tailwater Depth
< Normal Depth

No, Tailwater Depth
= Normal Depth

Yes, Slope is Horizontal

Is
Tailwater Depth >
Critical Depth?,

Yes
No

Compute Inlet Depth
by Direct Step
Method Starting with

Tailwater Depth

M1 Backwater
Profile: Compute Uniform Flow:
Iniet Depth by Inlet Depth=
Direct Step Tailwater Depth
Method

—— —

Culvert?

Inlet Depth No
= Critical?
. H2 Drawdown Profile:
M2 Drawdown Profile: M2 Drawdown Profile: Compute Inlef Depth
Compute Inlet Depth Compute Inlet Depth .
by Direct Step by Direct Siep Method by Direct Step Method
Method Starting with Starting with Starting with
Taitwater Depth Ciitical Depth Critical Depih
Inlet Controi:
Use i
— Inlet Control H = ln'e?'g;g:lpm
Solufion for + Entrance Loss
Headwater Depth

>(END)

FIGURE 6.25 Flow Chart for Outlet Conirol Computations
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6.4.3.1. FHWA Full Flow Equations

For culverts flowing full, the total Head Loss, or energy loss, through the culvert is
measured in feet. The head loss, Ly, is computed using the following formula:

Ly=Lp+Lp+Ly 6.1
in which:
Lp = Friction Loss (feet)
Lz = Entrance Loss (feet)

Ly = Exit Loss (feet)
The friction loss in the culvert is computed using Manning's formula, which is expressed

as follows:
_f—On
Lp= "(1 A86ARE/? 6.2

in which:

Lp= Friction Loss (feet)

L = Culvert Length (feet)

@ = Flow Rate in the culvert (cfs)

n = Manning's Roughness Coefficient

A = Area of Flow (square feet)

R = Hydraulic Radius (feet) = (Flow Area)/(Wetted Perimeter)

The entrance loss is computed as described in the section on "Entrance Loss Coefficient”
on page 104 of this manual. The exit loss is assumed to equal the velocity head in the
culvert.

6.4.3.2. Direct Step Water Surface Profile Computations

For culverts flowing partially full, the water surface profile in the culvert is computed using
the Direct Step Method. This method is very efficient, because no iterations are required to
determine the flow depth for each step. The water surface profile is computed for small
increments of depth (usually between 0.01 and 0.05 feet). If the flow depth equals the
height of the culvert before the profile reaches the upstream end of the culvert, the friction
loss through the remainder of the culvert is computed assuming full flow.

The Direct Step Method computes the flow depth in the culvert at the inlet. The entrance
loss is added to the computed flow depth in the culvert to compute the outlet control
headwater,

6.4.3.3. Normal Depth of Flow in the Culvert

Normal Depth is the depth at which uniform flow will occur in an open channel. In other
words, for a uniform channel of infinite length, carrying a constant flow rate, flow in the
channel would be at a constant depth at all points along the channel, and this would be
the Normal Depth.

Normal Depth often represents a good approximation of the actual depth of flow within a
channel segment. For Inlet Control conditions, the depth of flow within the culvert is
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assumed to be equal to Normal Depth. This assumption is only valid if the culvert barrel is
sufficiently long to allow the flow depth to stabilize at Normal Depth.

For both box culverts and circular culverts, the program computes Normal Depth using an
iterative approach to arrive at a value which satisfies Manning's Equation:
Q= -——-1'?;86AR(2/3] -\/é 6.3

in which:

@ = Flow Rate in the culvert (cfs)

n = Manning's Roughness Coefficient

A = Area of Flow (square feet)

R = Hydraulic Radius (feet) = (Flow Area)/(Wetted Perimeter)

S = Slope of Energy Grade Line = Slope of Culvert Barrel (feet per foot)

6.4.3.4. Critical Depth of Flow in the Culvert

Critical depth occurs when the flow in a channel has minimum specific energy. Specific
energy refers to the sum of the depth of flow and the velocity head. At critical depth, the
velocity head is equal to one-half the average depth of flow. Critical depth depends only on
the channel shape and flow rate. The depth of flow at the culvert outlet is assumed to be
equal to critical depth for culverts operating under outlet control with low tailwater.
Critical depth may also influence the inlet control headwater for unsubmerged conditions.
HEC-IFH computes the critical depth in a pipe culvert by an iterative procedure, which
arrives at a value satisfying the following equation:

@ _AS
— =5 6.4

in which:

@ = Flow Rate in the culvert (cfs)

g = Acceleration due to gravity (32.2 ft/sec/sec)

A = Cross-sectional area of flow (square feet)

T = Top width of flow (feet)

Critical depth for box culverts is computed by the following equation [AISI, 1980}:

3 6.5
NG

in which:

Yy, = critical depth (ft)

g = discharge per linear foot of width (cfs/ft)

g = Acceleration due to gravity (32.2 ft/sec/sec)
6.4.3.5. Horizontal Culvert Slope

HEC-IFH allows horizontal culverts. As shown in Figure 6.25, the headwater depth for a
horizontal culvert is computed using different methods depending on whether sub-critical
or super-critical conditions are present in the culvert.

1156



CHAPTER 6: Gravity Outlets interior Flood Hydrology (HEC-IFH) User's Manuat

6.5. ASSIGNING LOCATIONS FOR EACH GRAVITY OUTLET STRUCTURE

Like other HEC-IFH data entry modules, the GRAVITY module data is stored under a
Module ID. Several GRAVITY module data sets may be stored under different IDs. When

the cursor is on the Module ID field, the key displays a list of previously-stored IDs.

Any of these previous IDs may be selected, and the corresponding data will be loaded for
editing. The 40-character Description is used to provide documentation for each GRAVITY
Module data set.

The GRAVITY module data consists of a list of up to 25 different gravity outlets. Each
gravity outlet is identified by its Outlet Structure ID. Any Outlet Structure ID already
entered for the present STUDYID may be selected. When the cursor is on a Structure ID

field, the key displays a list of previously-stored IDs. Any of these IDs may be selected.

Each gravity outlet must be located at one of five standard locations: the Primary,
Secondary 1, Secondary 2, Secondary 3, and Secondary 4. Each of these represents an
actual physical location along the line of protection. The location is important because the
data in the EXSTAGE module (described in Chapter 8) allows the HEC-IFH program to
compute different exterior water surface elevations at each location. Up to five outlets may
be at each location, or there may be no outlets at a particular location.

The River/Levee Station gives the relative location of each outlet structure with respect
to distance along the receiving stream or line or protection. This station is used only as a
reference for those using HEC-IFH or viewing HEC-IFH results. The River/Levee Station
values are not used by the HEC-IFH program for any computations.

GRAVGS

C3a 01.01.00
Study ID RBENDZ u Gravity Outlets (GRAVITY) ]

Assign Location for Each Outlet Structure ID

Module ID BUTLET1
e g Al Il — 4x4 box at the primary location.

Primary Secondary 1 |Secondary 2 |Secondary 3 |Secondary 4
Location Location Location Location Location

Structure 1D
Structure ID
Structure ID
Structure 1B
Structure 1D

RiversLevee
Station (mi)

1Help  Z2PrtScr 3Index 4 10Exit
Press <F10> {o Save Data and Return

FIGURE 6.26 Screen to Specify GRAVITY Module Data

You may re-enter the GRAVITY module later in order to change the ID for any outlet, or to
enter additional outlets under new QOutlet Structure IDs.
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CHAPTER 7.
Pump Outlets

7.1. INTRODUCTION

The HEC-IFH program can use up to ten pumping units in each interior analysis. These
pumping units discharge water from the interior ponding area. The pumps may be
separated from the interior ponding area by an interior ditch, as described in Chapter 5.
All pumping units are assumed to be located at the primary gravity outlet location.
Therefore, the HEC-IFH program assumes that they are all affected by the same exterior
stages as the primary gravity outlet.

Figure 7.1 shows the structure of the HEC-IFH program screens which deal with data
entry and plotting for pumps. As shown, HEC-IFH provides two data entry screens and
two plots for pump data. These are available through the PUMP Module Menu Screen,
which is illustrated in Figure 7.2. The Continuous Simulation and Hypothetical Event
analysis approaches use almost the same pump outlet data; one minor difference between
the two approaches is described later in this chapter.

MCAE
Pump Outlefs
(PUMP)

PUMPG3

PUMPO2 Assign Pump Unit for

Enter Purmnp Unit Data

Each Pump Station

PLOT
Pump Head vs.
Capacity

PLOT
Pump Start/Stop
Elevations

(Continuous

Simulation Analysis)

FIGURE 7.1 PUMP Module Structure
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C3A 01.01.00 MCAE
Study ID RBENDZ ﬂPump Outlets (PUMP) ]
Select Option:
fi. Enter Pump Unmit Data
B. Assign Pump Unit for Each Pump Station
1Help ZPrt3cr 3 4 5 6D03S ? 8 9 10Exit
Press Letter: or use Arrow Keys and <Enter> to Select

FIGURE 7.2 PUMP Module Menu Screen

7.2. ENTERING PUMP UNIT DATA

The operating data for each pump unit may be entered by the user. The pump unit data
entry screen for Continuous Event Analyses is shown in Figure 7.3. Several pump unit
data sets may be entered, with each one stored under a different Pump Unit ID. Up to
eight characters may be used in the ID. A 40-character Description may be used to
further document each pumping unit.

When the cursor is on the Pump Unit ID field, the key displays a list of previously-

defined IDs. Any of these IDs may be selected, and the corresponding pump data will be
displayed for editing.

The Estimated Head Loss is the lump sum of all the various head losses for the pump
unit. These include friction loss, pipe bend losses, etc. The estimated head loss must be
greater than or equal to 0.10 and less than 10.00. The defult value is 1.00.

The Total Head values represent the operating head of the pumping unit at various flow
capacities. During the interior analysis, the total head on the pumping unit is computed
as the sum of the Estimated Head Loss and the Static Head. The static head is the exterior
water surface elevation minus the interior water surface elevation. Static head is assumed
to be zero (0) when the interior pond elevation exceeds the exterior elevation. The Total
Head will equal the Estimated Head Loss under this condition.

The final (highest) value in the Total Head column is the Maximum Total Head. It is the
maximum head against which the pump can discharge water from the interior ponding
area. When the total head exceeds this value during the interior analysis, the pump unit is
assumed to shut off (have zero capacity). Each total head value should equal or exceed the
previously entered value.
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The pump Capacity is used to compute the pump discharge rate during the interior
analysis. All capacity values should be greater than or equal to zero (0). The pump
Efficiency values allow HEC-IFH to compute the total energy required for pumping
operations. All efficiency values must be greater than or equal to zero (0), but less than
100%. Efficiency values are entered as percentages, not decimal fractions. For example, an
efficiency value of 85% would be entered as 85, not 0.85. As Figure 7.3 indicates, the HEC-
IFH program combines the pump capacity and efficiency tables for convenience in data
entry. Up to 20 data points may be used.

CSA 01.01.00 PUNPOZ

Study ID RBENDZ Il Pump Outlets (PUMP) "

Enter Pump Unit Data

Punp Unit ID and Description iglylg| Pump unit for App. C example.
Estimated= Head Loss (ft) 1.00 »Total Head = Static Head + Est Head Loss

Total Head| Capacity |Efficiency Pump Start| Pump Stop
ft (cfs) ) Month || Elev.(ft)]| Elev.(ft)

Oct
Nov
Dec
Jan
Feb
Max
Apr
May
Jun
Jul
Aug
Sep

i. Plot Head vs. Capacity

B. Plot Start/Stop Elevations

10Exit

Press <F10> to Save Data and Return

FIGURE 7.3 Pump Unit Data Entry Screen for Continuous Simulation Analyses

For Continuous Simulations, different values of Pump Start Elevation and Pump Stop
Elevation may be defined for each calendar month of the year, as shown in Figure 7.3. For
Hypothetical Event Analyses, a single pump start elevation and a single pump stop
elevation are defined for use during the entire analysis. The data entry screen for
Hypothetical Event Analyses is illustrated in Figure 7.4.

The Pump Start and Stop Elevations are used during the interior analysis to determine
whether the pumping unit is operating at each time interval. The pump is assumed to
begin operation when the interior ponding elevation exceeds the Pump Start Elevation. The
pump continues to operate until the interior ponding elevation falls below the Pump Stop
Elevation. To avoid "cycling” the pumping unit excessively during the interior analysis,
each pump start elevation must exceed the corresponding pump stop elevation.

For Continuous Simulations, pressing the [Fo] key displays a menu which allows the
selection of plots:
e A plot of operating head versus pump capacity and efficiency (Figure 7.5).

e A plot of pump start and stop elevations for each calendar month (Figure 7.6). This
plot is not applicable to Hypothetical Event Analyses.
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PUMPO4

HEA 01.01.00
Study ID SILVERCRE n Pump Outlets (PUMP) ﬂ

Enter Pump Unit Data
Pump Unit ID and Description !gihlg} 1-200 cfs punp
Estimateds> Head Loss (ft) 1.00

»Total Head = Static Head + Est Head Loss
Total Head| Capacity |Efficiency Pump Start Elev (ft)
598.00

rt) (cfs) ) Pump Stop Elev (i)

SOOI IN

1Help ZPrtScr 3Index 4 5 6005 7 8 9 10Exit
Press <F10> to Save Data and Return

FIGURE 7.4 Pump Unit Data Entry Screen for Hypothetical Frequency Analyses
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FIGURE 7.5 Plot of Pump Capacity Versus Head and Efficiency
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MONTHLY PUMP STARTI/STOP ELEVATIONS
RBEND2 PUMP1
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FIGURE 7.6 Plot of Monthly Pump Start/Stop Elevations for Confinuous Simulations

7.3. SPECIFYING PUMP DATA

Figure 7.7 illustrates the screen used to specify PUMP module data. Like other HEC-IFH
data entry modules, the PUMP module data is stored under a module ID. Several PUMP
module data sets may be stored under different IDs. When the cursor is on the Module ID

field, the key displays a list of previously-defined IDs. Any of these IDs may be selected,
and the corresponding data will be displayed for editing.

The 40-character description is used to provide documentation for each PUMP Module
data set.

The PUMP module data consists of a list of up to ten different pumping units that make up
a pumping station. Each pumping unit is identified by its Pump Unit ID. Any Pump Unit
ID already entered for the present STUDYID may be selected. When the cursor is on each
ID field, the key displays a list of previously-defined IDs. Any of these IDs may be
selected. As each ID is entered, the corresponding 40-character description is displayed.
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CSn 01.01.00 PUMPe3
Study ID RBENDZ "Pump Outlets (PUMP) ﬂ

fissign Pump Unit for Each Pump Station

Module ID PUMPMOD1
e T A L0 Il unp module for App. C exanple.

Punp Number{ Pump Unit ID | Description
1. PUMP1 Pump unit for App. C exanmple.
2.
3.
4.
5.
6.
7.
8.
9.
10.
iHelp  2PrtScr 3 4 5 6D0S ? 8 9 10Exit

Press <F16> to Save Data and Return

FIGURE 7.7 Screen o Specify PUMP Module Data
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CHAPTER 8.
Exterior Stage

8.1. INTRODUCTION

The data in the EXSTAGE (exterior stage) module describe the water surface elevation
values in the channel exterior to the line-of-protection. The exterior stage values are the
tailwater values which affect the gravity or pump outlets of the interior drainage system.
The exterior stages also affect the seepage computations. Gravity outlet computations are
described in Chapter 6 of this manual. Pump outlets are discussed in Chapter 7. Chapter
9 describes auxiliary flow computations, including seepage.

For Continuous Simulations a single exterior stage hydrograph must be available. For
Hypothetical Event Analyses exterior stage hydrographs must be available for each storm
frequency analyzed. The HEC-IFH program provides three options for supplying stage
hydrographs:

1. Data Entry: The exterior stage hydrograph or hydrographs may be entered directly.

2. Import: The exterior stage hydrograph or hydrographs may be imported from an
external HEC-DSS data file.

3. Computation: The exterior stage hydrograph or hydrographs may be computed
from a discharge hydrograph and a rating table for the exterior channel.

If exterior discharge hydrographs are used to compute the exterior stage hydrographs,
HEC-IFH also provides three options for supplying these discharge hydrographs:

1. Data Entry: The exterior discharge hydrograph or hydrographs may be entered
directly.

2. Import: The exterior discharge hydrograph or hydrographs may be imported from
an external HEC-DSS data file.

3. Computation: The exterior discharge hydrograph or hydrographs may be computed
from precipitation and sub-basin runoff data. Chapter 3 describes the specification
of precipitation data and Chapter 4 describes the specification of basin runoff data
for the exterior basin.

The HEC-IFH program can use transfer relations to transfer exterior stage values from
one location along the exterior channel to another. For example, if the exterior stage values
were recorded at a stream flow gaging station some distance from the gravity outlets, a
transfer relation could be used to adjust the recorded exterior stages to reflect the
appropriate values at each outlet location.

Figure 8.1 shows the structure of the HEC-IFH program screens which deal with data
entry and plotting for exterior stage data for a Continuous Simulation Analysis. As
indicated, a number of menu screens, data entry screens, report screens, and plots are
provided.

Figure 8.2 illustrates the first data entry and menu screen of the EXSTAGE module for
Continuous Simulation Analysis. The corresponding Hypothetical Event Analysis screen is
identical.

Like other HEC-IFH data entry modules, the EXSTAGE module data is stored under a
Module ID. Several EXSTAGE module data sets may be stored under different IDs. When

the cursor is on the Module ID field, the key displays a list of previously-identified IDs.
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Any of these previous IDs may be selected, and the corresponding data will be displayed
for editing. The 40-character Description provides documentation for each EXSTAGE
Module data set.

MCAF+/MDAF+

EXSTAGE Module
1D ang

Description

MCAF/MDAF
Exterlor Stoge
(EXSTAGE)

[ ]

EXST08
EXST18/22 Tobuicte
EXST15 View Exterior Exceedance
Primary Outiet Stoge Buration
Location Hydrogreph at {Continuous
Primary Outiet Simutation
Anclyss)

/

PLOT

EXSTI6/20 EXsTI7/21 Exterior Stoge Exce:ﬁ:ﬁce
Main River Tributary Hydrograph at Duration

Primary Outlet

s r

EXST19
pLOT E riXS[}?d/ N Transter Main E;’;f;?r:’ N pLoT
Exterior Stoge er/imp: River index Stage - i Main River Stage
Hydrograph(s) Exterior Stage to Trioutary Main River Stage HyGrograph(s)
Hydrogroph(s) Conflusnce Hydrograph(s)

EXST0S/12 / EXST05/12

EXST06 Enter/import PLOT Enter/import EXS106
Enter/Import K y . Enter/Import
Exterior Tributary Transter Main River
Exterior Channel Discharge Relation Discharge Exterior Channel
Rafing Curve Hycrogiaph(s) Hydrograph(s) Rating Curve

4 4 4

PLOT EXST05/12

PLOT Exterior Enterimport PLOT PLOT
Exterior Channel Dischecfge Tributary index Discharge Extaiior Charnel
Rating Curve Hycrogromi(s) Dischage Hydrograph Roting Curve

Hydrograph(s)

EXST07/14 £XST07/14
EXST06 Compute PLOT Compute Main EXST0S
Enter/import Discharge — Tributary River Discharge Enter/import
Exterior Chonnel Hydrograph(s} Discharge Hydrogroph(s) Exterier Channel
Roting Curve from PRECIP and Rydrograpi(s) from PRECIP ond Rating Curve

RUNOFF

RUNOFF

,

EXSTO7/14
pLOT Compute pLOT
Exterior Chonnel Triputary Exterlor Charnel
Rati Discharge Rati
ating Curve Hycrograph(s) ating Curve

from Precipitation

PLOT EXSTO9

EXSTI0 ALoT

ain River Main River Trioutary Rating Tributery Rating
Transfer Transter Totie Tabie
Relationships Relationships

FIGURE 8.1 EXSTAGE Module Structure
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CSA 01.01.00 MCAF +
Study ID RBENDZ2 ﬂg?xterior Stage (EXSTAGE) ]
Module ID [EXSTAGE
e SN AT MlEterior stage data for App. C example.
1Help ZPrtScr 3 4 5 6D0S 7 8 9 10Exit
Press <F10> to Proceed to the Menu
FIGURE 8.2 Exterior Stage ID Screen
C3A 01.01.00 MCAF
Study ID RBENDZ ﬂExterior Stage (EXSTAGE) ﬂ
Module ID EXSTAGE

Select Option:

fi. Specify Exterior Stage
B. View Exterior Stage Hydrograph at Primary DOutlet
C. Tabulate Primary Outlet Exterior Stage Exceedance Duration

1Help  2PrtScr 3 4 5 6D0S ? 8 9 10Exit
Press Letter: or use Arrou Keys and <Enter> to Select

FIGURE 8.3 Exterior Stage Hydrograph Options
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8.2. SPECIFYING EXTERIOR STAGE

A Stage Hydrograph is a relationship between time and water surface elevation. Exterior
stage hydrographs are used by the HEC-IFH program to determine the exterior water
surface elevation at each time increment during the storm event or period of time being
analyzed. Index Stage Hydrographs are generally measured at stream gage stations. They
represent a recorded or computed stage hydrograph at the gage location. The Index Stage
Hydrograph must generally be "transferred” or adjusted to the location of each outlet.

The options available for specifying exterior stage hydrographs differ according to the
location of the primary outlet. Two different primary outlet locations are considered:

e The Main River: The primary exterior stream affecting the levee system.

e The Tributary: A stream flowing into the Main River a short distance downstream
of the primary outlet, so that water surface elevations at the primary outlet are
affected by backwater from the main river.

The menu screen illustrated in Figure 8.4 allows the location of the Primary Outlet to be
specified. The left and right arrow keys are used to move from one option to the other.
Pressing the space bar selects the highlighted option and displays the next data entry
screen for the selected option.

C3SA 01.01.00 EXST15
Study ID RBENDZ ﬂExterior Stage (EXSTAGE) “

Primary Outlet Location [Main Riverl Tributary
1Help ZPrtScr 3 4 ) 6D0s ? 8 9 10Exit
Press SPACE to select: Press <F10> to Save Data and Return

FIGURE 8.4 Primary Outlet Location Menu

8.2.1. Primary Outlet Locations on Main River

Figure 8.5 illustrates the HEC-IFH program menu screen which controls the various
options when the primary outlet is on the main river. The menu screen illustrated in the
figure is used for Continuous Simulation Analysis. An identical menu screen is used for
Hypothetical Event Analysis, except that it refers to Index Stage Hydrographs (plural)
rather than Index Stage Hydrograph (singular). This reflects the fact that the Hypothetical
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Event Analysis method requires a separate Index Stage Hydrograph for each storm event
which is to be analyzed.

The menu screen illustrated in Figure 8.5 is used to select two types of options:

Transfer Relation: Options which control the computations which may be used to
transfer the index stage hydrograph or hydrographs from the index location to the
primary and secondary outlet locations.

Index Stage Hydrograph(s): Options which control the source of the Index Stage
Hydrograph or Hydrographs.

CSA 01.01.00
Study ID RBENDZ n Exterior Stage (EXSTAGE) ]
Module ID EXSTAGE

EXST16

Primary Outlet Location [Main Riverl Tributary

Main River

Transfer Relation
[Use Index Stage Hydrograph for all Outlet Locations ]

Index Stage Hydrograph

Iransfer Index Stage Hydrograph to Primary-Secondary Outlet Locations

[Enter/Inport 1

Compute from Entered.Imported Discharge Hydrograph and Rating

Compute from Rainfall-Runoff and Rating

1Help
Press SPACE to select: Press <F10> to Save Data and Return

ZPrtScr 3 4 5 6D0S ? 8 9 10Exit

FIGURE 8.5 Menu Screen for Primary Outlet Location on Main River

8.21.1. Transfer Relation Options

As illustrated on Figure 8.5, two transfer relation options are available when the primary
outlet is located on the main river:

Use Index Stage Hydrograph(s) for all Outlet Locations: The index stage
hydrograph or hydrographs are assumed to represent the conditions at the primary
outlet location and all secondary outlet locations without any adjustment. After the
index stage hydrograph or hydrographs are specified, no further actions are
necessary.

Transfer Index Stage Hydrograph(s) to Primary/Secondary Outlet Locations:
The index stage hydrograph or hydrographs represent the conditions at a point
along the main river which is significantly different from the primary outlet location
or the secondary outlet locations. Main River Transfer Relations are specified and
used to adjust the index stage hydrograph or hydrographs to the locations of the
primary and secondary outlets.
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Main River Transfer Relations are used to account for slope in the water surface profile of a
river between a remote gaging station and an outlet location. For each of a series of main
river index elevations, the corresponding exterior water surface elevation at the primary
outlet location and each of the secondary outlet locations may be specified.

Figures 8.6 and 8.7 illustrate a typical situation in which a main river transfer relationship
would be used. As indicated, the exterior stage values are available at the index location.
This is often a stream gaging station. The index location may be upstreamn or downstream
of the outlet locations. (In fact, the index location may be upstream of some outlets and
downstream of others.) Because of the slope in the water surface elevation along the river,
the stages will generally be different at the index location and at each of the various outlet
locations. Since the slope in water surface varies according to the flow rate in the river, the
adjustment between the index location and the outlet locations is not a fixed value for all

flow rates.

Primary Gravity Outlet and Pump Outlets

Secondary Gravity Outlet No. 1
& Secondary Gravity

& Cutlet No. 3

Secondary Gravity
Qutlet No. 2

Mcin River

IS 074 T
Index Location (Usually a gage)

FIGURE 8.6 Main River Transfer Relation Concepts: Plan View

Secondary Gravity Outlet No.
Secondary Gravity Outlet No. B
Secondary Gravity Qutlet No 2

Primary Gravity Outlet and Pump Outldts
Secondary Gravity Cutlet No, 1 7 ————
. B A — H
Indexlocation ¢
& ¥

Elevation Differences between Index and Qutfall Locations

e
e

e

————— "_’—)‘W;w’e;of Main River Channel

FIGURE 8.7 Main River Transfer Relation Concepts: Profile View

Figure 8.8 illustrates the main river transfer relationship data entry screen. As indicated,
the transfer relationship consists of a table with up to 20 rows. Each row includes a single
Index Elevation and up to 5 Transferred Elevations. All elevation values must be within
the valid range of elevations described in Chapter 2. Each index elevation value should

exceed the previous value.
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FIGURE 8.8 Main River Transfer Relationship Data Entry Screen
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The transferred elevation for the Primary Gravity Outlet is assumed to apply to all
pumping units used in the interior analysis. Transferred elevations must be provided for
all locations at which gravity outlets are present. However, it is not necessary to enter
transferred elevations for outlet locations which will not be used. For example, if an
interior analysis will be performed using only a Primary Gravity Outlet and pumps, then
no transferred elevations are required for any of the Secondary Gravity Outlets.

Pressing the [F9] key causes the main river transfer relationship table to be plotted on the

computer screen. Figure 8.9 illustrates the plot. As shown, a separate curve is plotted for
each transferred elevation column.

8212 Index Stage Hydrograph Options

As illustrated on Figure 8.5, three options are available for providing the Index Stage
Hydrograph or Hydrographs:

e Enter/Import: This option is used if the exterior stage hydrograph is already
available in tabulated form, either on paper or in an external HEC-DSS file.

¢ Compute from Entered/Imported Discharge Hydrograph and Rating: This
option is used if the exterior discharge hydrograph is already available in tabulated
form, either on paper or in an external HEC-DSS file. A rating table for the exterior
channel must also be available so that the discharge hydrograph can be converted
to a stage hydrograph.

e Compute from Rainfall-Runoff and Rating: This option is used if the exterior
discharge hydrograph is to be computed by HEC-IFH using rainfall and runoff data.
A rating table for the exterior channel must also be available for this option.

8.2.1.2.1. Enter/Import Index Stage Hydrograph(s)

If the option to Enter/Import Index Stage Hydrograph is selected from the Index Stage
Options Menu for a Continuous Simulation Analysis, the Exterior Stage Data Entry Screen
illustrated in Figure 8.10 is displayed.

The Starting Period and Ending Period of the exterior stage hydrograph must be entered.
These use the standard HEC-DSS format for date and time values. The starting period is
the end of the first computation interval, and the ending period is the end of the last
computation interval in the time series. For example, a record consisting of hourly values
for the month of October 1990 would have a starting period of 010CT1990/0100 and an
ending period of 310CT1990/2400. If the exterior stage hydrograph for October 1990
consisted of daily instead of hourly values, the starting period would be 010CT1990/2400
(the end of the first day), but the ending period would still be 310CT1990/2400. The
ending period must be later than the starting period.

The Time Increment must be entered as a number combined with a unit of time. Time
increments must be between 5 minutes and 24 hours. Any of the following time intervals
are acceptable: SMIN, 10MIN, 15MIN, 30MIN, 1HOUR, 2HOUR, 3HOUR, 4HOUR, 6HOUR,
12HOUR, and 1DAY. The time increment must be consistent with the starting and ending
period. For example, a time increment of 2HOUR would not be consistent with a starting
period of 010CT1990/0100, but a time increment of 1HOUR would be.

After entering the starting and ending times and time interval, the HEC-IFH program is
ready to receive Elevation values for each time period. The user may enter these values or
import them from an external HEC-DSS file on disk. All elevation values must be within
the valid range of elevations described in Chapter 2.
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CSa 01.01.00 EXSTo4
Study ID RBENDZ ﬂ Exterior Stage (EXSTAGE) ] Index Location
Module ID EXSTAGE

Enter/Import Exterior Stage Hydrograph

Starting Period 010CT1950,2400 Date/Time Elevation
(e.g. 01JAN1983,1300) DaMonYear/HrMn (ft)

Ending Period 010CT1950,/2460
620CT1950.,2400
Time Interval 030CT1950./2400
(e.g. 1HOUR, 1DAY, ...) 040CT1950.,2400
850CT1950,2460
060CT1950./2406
070CT1350.,/2400
080CT1950./2400
090CT1956.,/2466
160CT1950./2400
110CT1950,/2400
120CT1950./2400
130CT1950./2460
140CT1950.,2460

iHelp ZPrtSer 3 ‘ 10Exit
Press <F106> to Save Data and Exit

FIGURE 8.10 CSA Exterior Stage Data Entry Screen

To import an exterior stage time series, press the key after entering the time increment

but before entering any elevation values. As described in Chapter 2, the file name of the
HEC-DSS file and the HEC-DSS path name of the time series must be provided in order to
import data. If the HEC-IFH program cannot locate the specified file or HEC-DSS path
name, an error message is displayed.

The HEC-IFH program checks all imported values to detect missing data. If data values are
missing, the missing data values can be replaced with zeroes, or the import procedure can
be terminated.

Pressing the Goto key during data entry instructs HEC-IFH to move directly to any
specified time interval in the time series. Chapter 2 provides further details.

After entering or importing exterior stages, the [F9] key causes the HEC-IFH program to plot

the exterior index stage hydrograph. Figure 8.11 illustrates a multi-year plot of annual
maximum exterior stage values for a 10-year record. If you have entered enough data
values, you may "zoom" to a one-year plot of daily peak values, a one-month plot of actual
values (as shown in Figure 8.12), or a one-day plot of actual values. From the one-year,
one-month, or one-day plots, you may "pan” to plots of different years, months, or days, if
available. The zoom and pan plot options are described in Chapter 2.
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FIGURE 8.11 Multi-Year Plot of Annual Maximum Exterior Stage
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If the option to Enter/Import Index Stage Hydrograph is selected from the Index Stage
Options Menu for a Hypothetical Event Analysis, the Exterior Stage Data Entry Screen
illustrated in Figure 8.13 is displayed.

HEA 01.61.00 EXST11
Study ID SILVERCR “ Exterior Stage (EXSTﬂGE)] Primary Outlet Location
Module ID EXSTAGE

Enter/Inport Exterior Stage Hydrographs (ft) Time Interval 1HOUR
Initially set all elevations to: Number of Intervals 480

Hyp.Frq| Hyp.Frq| Hyp.Frq| Hyp.Frq| Hyp.Frq| Hyp.Frq] Hyp.Frq
DasHrMn| 50 20 102 4 . 17 0.2~ SPF

1,0100
1-0200
1-0300
16400
1,8500
16600
1-0700
1,0800
1,-0900

Select Flood Events

cocooooonoo00

50 20+ 16x 42 2» 1x 0.Z2x SPF

B B B & 8 B & &

Position with <PgDn>, <Pglp>, <Dn>, <Up>, <Home>, <End>

10Exit

FIGURE 8.13 HEA Exterior Stage Data Eniry Screen

The Time Interval must be entered as a number combined with a unit of time. Time
increments must be between 5 minutes and 24 hours. Any of the following time intervals
are acceptable: SMIN, 10MIN, 15MIN, 30MIN, 1HOUR, 2HOUR, 3HOUR, 4HOUR, 6HOUR,
12HOUR, and 1DAY.

The Number of Intervals may be any integer number up to 10,000, as long as the number
of days does not exceed 99. Together, the Time Interval and the Number of Intervals
determine the total length of the exterior index stage hydrographs.

After entering the starting and ending times and time interval, the HEC-IFH program is
ready to receive Elevation values for each time period. The user may enter these values or
import them from an external HEC-DSS file on disk. All elevation values must be within
the valid range of elevations described in Chapter 2.

A convenient feature of HEC-IFH is the ability to automatically set all elevations to a
specified initial value. In many cases, a single exterior stage value is sufficient for a
Hypothetical Event Analysis. If more detail is required for any or all of the exterior stage
hydrographs, individual elevation values may be changed as needed.

To import an exterior stage time series, press the key after entering the time interval
but before entering any elevation values. As described in Chapter 2, the file name of the
HEC-DSS file and the HEC-DSS path name of the time series must be provided in order to
import data. If the HEC-IFH program cannot locate the specified file or HEC-DSS path
name, an error message is displayed.
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For Hypothetical Event Analysis, HEC-IFH allows the user to specify up to 8 different
values for Part F of the HEC-DSS path name. These represent the different storm events
which may be analyzed in a single HEA plan analysis. If one or more storm events will not
be used in a particular plan analysis, the user may enter SKIP for the corresponding Part
F. The time series for that storm event will not be imported.

The HEC-IFH program checks all imported values to detect missing data. If data values are

missing, the missing data values can be replaced with zeroes, or the import procedure can
be terminated.

Pressing the Goto key during data entry instructs HEC-IFH to move directly to any
specified time interval in the time series. Chapter 2 provides further details.

8.2.1.2.2. Compute Stage Hydrograph from Discharge Hydrograph and Rating Curve

If a stage hydrograph for the exterior is not available from other sources, one may be
computed from a discharge hydrograph and an exterior channel rating table. The exterior
discharge hydrograph may be input directly, read from an external file, or computed by the
HEC-IFH program. The exterior channel rating table, which is input directly, is used to
determine the water surface elevation for each discharge value.

The Exterior Discharge Data Entry Screen illustrated in Figure 8.14 provides a convenient
means of entering, importing, and plotting exterior discharge hydrograph values.

C3a 01.01.00 EXSTOS
Study ID RBENDZ “ Exterior Stage (EXSTHGE)“ Primary Outlet Location
fodule ID EXSTAGE
Enter/Inport Exterior Discharge Hydrograph
Starting Period Date/Time Discharge
(e.g. 01JAN1989,1300) DaMonYear/HrMn (cfs)
Ending Period 100CT1954.2400
110CT1954/2400
Time Interval 120CT1954,2400
(e.g. 1HOUR, 1DaY¥, ...) 130CT1954./2400
140CT1954/2400
150CT1954./2400
160CT1954.,2400
170CT1954./2400
180CT1954./2400
190CT1954.,2400
200CT1954./2400
210CT1954.,2400
220CT11954/2400
230CT1954./2400
1Help ZPrtScr 3 4 5 6D0S 7 8
Press <F16> to Save Data and Exit

FIGURE 8.14 Exterior Discharge Hydrograph Data Entry Screen

The Starting Period and Ending Period of the exterior discharge hydrograph must be
entered. Like all time series data sets in HEC-IFH, these use the standard HEC-DSS
format for date and time values. The starting period is the end of the first computation
interval, and the ending period is the end of the last computation interval in the time
series. For example, a record consisting of hourly values for the month of October 1990
would have a starting period of 010CT1990/0100 and an ending period of
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310CT1990,/2400. If the exterior discharge hydrograph for October 1990 consisted of daily
instead of hourly values, the starting period would be 010CT1990/2400 (the end of the
first day), but the ending period would still be 310CT1990/2400. The ending period must
be later than the starting period.

The Time Increment must be entered as a number combined with a unit of time. Time
inerements must be between 5 minutes and 24 hours. Any of the following time intervals
are acceptable: SMIN, 10MIN, 15MIN, 30MIN, 1HOUR, 2HOUR, 3HOUR, 4HOUR, 6HOUR,
12HOUR, and 1DAY. The time increment must be consistent with the starting and ending
period. For example, a time increment of 2HOUR would not be consistent with a starting
period of 010CT1990/0100, but a time increment of IHOUR would be.

After entering the starting and ending times and time interval, the HEC-IFH program is
ready to receive Discharge values for each time period. The user may enter these values or
import them from an external HEC-DSS file on disk. All discharge values must be zero (0)
or greater.

To import an exterior discharge time series, press the key after entering the time
increment but before entering any discharge values. As described in Chapter 2, the file
name of the HEC-DSS file and the HEC-DSS path name of the time series must be
provided in order to import data. If the HEC-IFH program cannot locate the specified file or
HEC-DSS path name, an error message is displayed.

The HEC-IFH program checks all imported values to detect missing data. If data values are
missing, the missing data values can be replaced with zeroes, or the import procedure can
be terminated.

Pressing the [F4] Goto key instructs HEC-IFH to move directly to any specified time interval
in the time series. Pressing the Report key causes the summary to be printed.

The [Fg] Plot key causes the HEC-IFH program to display a plot of discharges. If data values
for more than one full year are available, the first plot displays a multi-year plot of
maximum annual values. Pressing the down-arrow key "zooms" to a one-year plot of daily
maxima or peaks (see Figure 8.15), a one-month plot of actual values (Figure 8.16), and a
one-day plot of actual values. From the one-year, one-month, or one-day plots, the left-
arrow and right-arrow keys "pan” to plots of different years, months, or days, if available.
The zoom and pan plot options are described in Chapter 2.

After the discharge hydrograph has been entered, the exterior channel rating table is input
directly to the HEC-IFH program in the form of a table of water surface elevations and
corresponding channel discharges. Up to 20 data points may be used. Figure 8.17
illustrates the appearance of the data entry screen for the rating table. The exterior
channel rating table is assumed to apply to the Primary Outlet Location.

The Discharge values always begins with zero (0) corresponding to the first Elevation
value. All elevation values must fall within the allowable minimum and maximum values
described in Chapter 2. Each discharge and elevation value should equal or exceed the
previously entered value.

Pressing the [Fo] key causes the exterior channel rating table to be plotted on the computer
screen. Figure 8.18 illustrates the plot.
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FIGURE 8.15 One-Year Plot of Daily Maximum Exterior Discharges
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FIGURE 8.16 Plot of Exterior Discharges
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CSa 01.01.00
Study ID RBENDZ [ Exterior Stage (EXSTAGE)
Module ID EXSTAGE

“ EXSTo6

Enter Exterior Chanmel Rating Curve

Discharge Elevation
(cfs) rt)

ZPrtScr 3 9P1lot 10Exit

1Help

Press <F10> to Save Data and Exit

FIGURE 8.17 Exterior Channel Rating Curve Data Eniry Screen
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FIGURE 8.18 Exterior Channel Rating Curve Plot
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8.2.1.2.3. Compute Discharge Hydrograph from PRECIP and RUNOFF

If a discharge hydrograph for the exterior basin is required for stage hydrograph
computations, and one is not available from other sources, a discharge hydrograph may be
computed using any of the runoff computation features provided in the HEC-IFH computer
program. Computing a discharge hydrograph requires the following items of information:

e A Precipitation Time Series, which is identified by a Precipitation Record ID. The
precipitation time series provides a set of precipitation values extending throughout
the period of analysis, at a fixed time increment. Precipitation data sets are
described in Chapter 3 of this manual.

» A set of Basin Runoff Parameters, which are identified by a Basin ID. The basin
runoff parameters always include a unit hydrograph and drainage area. Generally,
loss rate parameters, percent impervious, and monthly base flow rates are also
included. These data items are described in Chapter 4 of this manual.

The precipitation data and basin runoff data used to compute the discharge for the exterior
basin are entered in the same way as the data values used for interior sub-basin
computations. The data entry screens in the PRECIP and RUNOFF modules are used to
enter or import these data items and store them under the appropriate IDs.

The Precipitation Record ID and Basin ID are selected using the data entry screen shown
in Figure 8.19. The [F3] Index key displays a list of available record or basin IDs. The HEC-

IFH program displays the 40-character description for each record or basin to help ensure
that the correct data are used.

EXST07?

C3Sh 61.01.60
Study ID RBENDZ H Exterior Stage (EXSTAGE) “
Module ID EXSTAGE

3Specify PRECIP and RUNOFF Data for Computing Exterior Discharge Hydrograph

ID Description

Precip Station || I33A0%y Precip for Main River Basin
AINRIV

Bunoff Basin ID Main River Runoff Parameters

1Help ZPrtScr 3Index 4 5 6Db03 7 8 9 19Exit
Press <F10> to Save Data and Exit

FIGURE 8.19 Computing Exterior Discharge Hydrograph

When HEC-IFH eventually computes the exterior stage hydrograph from the discharge
hydrograph, it first performs the following computations:
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e Rainfall Excess: The program uses the loss rate and percent impervious
information from the basin runoff data to compute a rainfall excess time series from
the original precipitation time series.

¢ Runoff: The program uses hydrograph convolution to compute a runoff hydrograph
from the rainfall excess hyetograph and the unit hydrograph supplied as part of the
basin runoff data. The monthly base flow values, if any, are also added to produce
total basin runoff.

The computed discharge hydrograph has the same starting period, ending period, and time
increment as the precipitation time series used in its computation.

The exterior channel rating table is input directly to the HEC-IFH program in the form of a
table of water surface elevations and corresponding channel discharges (see page 137).

8.2.2. Primary Outlet Locations on Tributary

Figure 8.20 illustrates the HEC-IFH program menu screen which controls the various
options when the primary outlet is on the tributary channel. The menu screen used for
Continuous Simulation Analysis and Hypothetical Event Analysis, except that the HEA
screen refers to Hydrographs (plural) rather than Hydrograph (singular). This reflects the
fact that the Hypothetical Event Analysis method requires a separate hydrograph for each
storm frequency which is to be analyzed.

CSA 01.01.00 EXST17?

Study ID RBENDZ [[Exterior Stage (EXSTAGE) ]
Module ID EXSTAGE

Primary Outlet Location Main River [Tributaryl

Tributary

Main River Stage Hydrograph
[Enter/Import
Compute from EnteredImported Discharge Hydrograph and Rating
Compute from Rainfall-Runoff and Rating

]

Transfer Main River Stage Hydrograph
[Transfer Main River Stage Hydrograph to Tributary Conf luencel

Main River Stage Hydrograph is at Tributary Conf luence

Tributary Discharge Hydrograph
[Enter/Inport ]

Compute from Precipitation

1Help  2PrtScr 3 4 5 6D0S ? 8 9 10Exit
Press SPACE to select:Press <F10> for the Next Input Screen

FIGURE 8.20 Menu Screen for Primary Outlet Location on Main River
This menu screen is used to select three types of options:

e Main River Stage Hydrograph(s): Options which control the source of the Main
River Stage Hydrograph or Hydrographs.
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¢ Transfer Main River Stage Hydrographs: Options which control the computations
which may be used to transfer the main river stage hydrograph or hydrographs
from the index location to the tributary confluence.

o Tributary Discharge Hydrograph(s): Options which control the source of the
Tributary Discharge Hydrograph or Hydrographs.

8.22.1. Main River Stage Hydrograph Opfions

As illustrated on Figure 8.5, three options are available for providing the Main River Stage
Hydrograph or Hydrographs:

e Enter/Import: This option is used if the main river stage hydrograph is already
available in tabulated form, either on paper or in an external HEC-DSS file. For a
Continuous Simulation Analysis, data entry, import, and function keys for this
option operate in the same manner as described for Index Stage Hydrographs for
CSA (see page 131). For a Hypothetical Event Analysis, the instructions provided
for Index Stage Hydrographs for HEA are applicable (see page 133).

e Compute from Entered/Imported Discharge Hydrograph and Rating: This
option is used if the main river discharge hydrograph is already available in
tabulated form, either on paper or in an external HEC-DSS file. A rating table for
the main river must also be available so that the discharge hydrograph can be
converted to a stage hydrograph. Data entry, import, and function keys for this
procedure operate in the same manner as described for Index Discharge
Hydrographs for CSA (see page 134). After the discharge hydrograph has been
entered, the main river rating table is input directly to the HEC-IFH program in the
form of a table of water surface elevations and corresponding channel discharges
(see page 137).

o Compute from Rainfall-Runoff and Rating: This option is used if the main river
discharge hydrograph is to be computed by HEC-IFH using rainfall and runoff data.
A rating table for the main river must also be available for this option. Defining the
data for Main River discharge hydrograph computation is identical to the procedure
for defining the Exterior Discharge hydrograph (see page 138).

8222 Transfer Main River Stage Hydrograph

A Transfer Relationship is used to transfer main river stage data to the tributary
confluence. Transfer Relations are used to account for slope in the water surface profile of
a river between a remote gaging station and the tributary confluence. For each of a series
of main river index elevations, the corresponding water surface elevation at the tributary
confluence location may be specified. The main river stage values are at the index
location. This is often a stream gaging station. The index location may be upstream or
downstream of the tributary confluence.

Figure 8.21 illustrates the transfer relationship data entry screen. As indicated, the
transfer relationship consists of a table with up to 20 rows. Each row includes a single
Index Elevation and a single Confluence Elevation. All elevation values must be within
the valid range of elevations described in Chapter 2. Each index elevation value should
exceed the previous value.
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CSa 01.01.00 EXSTI19
Study ID RBENDZ ﬂExterior Stage (EXSTAGE) “
Module ID EXSTAGE
Transfer Main River Index Stage to Iributary Conf luence
Index Confl.
Elev (ft)|[Elev (ft)
0. 0.
0. 0.
0. 0.
0. 0.
0. 0.
0. 0.
0. 0.
0. 0.
0. 0.
1Help 2ZPrtScr 3 4 5 6D0S 7 8 9Flot 10Exit
Press <F10> to Save Data and Exit

FIGURE 8.21 Transfer Relationship Data Entry Screen

8.223. Tributary Discharge Hydrograph Opftions

As illustrated on Figure 8.20, two options are available for providing the Tributary
Discharge Hydrograph or Hydrographs:

e Enter/Import: This option is used if the tributary discharge hydrograph is already
available in tabulated form, either on paper or in an external HEC-DSS file. The
data entry, import, and function keys for this option operate in the same manner as
described for Index Discharge Hydrographs for CSA (see page 134).

e Compute from Precipitation: This option is used if the exterior discharge
hydrograph is to be computed by HEC-IFH using rainfall and runoff data. Defining
the data for tributary discharge hydrograph computation is identical to the
procedure for defining the Exterior Discharge hydrograph (see page 138).

8.2.24. Tributary Rating Table

The Tributary Rating Table is used to transfer main river stage data to a point along a
tributary stream which corresponds to the location of pump or gravity outlets. A family of
tributary flow rate versus water surface elevation curves are established for the outlet
location. Each curve corresponds to a different main river (ocean or lake} elevation. These
curves are used to determine the exterior stage along the tributary for a particular main
river stage and tributary flow rate. '

Figure 8.23 illustrates a situation in which a tributary rating table could be applied. As
indicated, the index location for a tributary rating table is always the confluence of the
tributary with the main stream. When a tributary rating table is used, all gravity outlets
and pumps are assumed to be at the same location. The program cannot account for
differences between exterior stages at different locations along the tributary channel.
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Main River
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FIGURE 8.22 Tributary Rating Table Concepts: Plan View

Elevation Difference from index to Outlet
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N
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FIGURE 8.23 Tributary Rating Table Concepits: Profile View

Figure 8.24 illustrates the tributary rating table data entry screen. As indicated, the rating
table contains up to 20 rows. Each row includes a single Tributary Flow rate and up to 7
Tributary Elevations which correspond to that flow rate. Each tributary elevation also
corresponds to a different Main River Elevation at the confluence. These main river
elevations must also be entered across the top of the table. All main river elevations and
tributary elevations must be within the valid range of elevations described in Chapter 2.

The first tributary flow rate is always zero (0). Each main river elevation value and
tributary flow rate should exceed the previous value,

Pressing the [F9] key causes the tributary transfer relationship table to be plotted on the

computer screen. Figure 8.25 illustrates the plot. As shown, a separate curve is plotted for
each main river elevation.
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C3n 01.01.00 EXST10
Study ID RBENDZ ﬂ Exterior Stage (EXSTAGE) ]
Module ID EXSTAGE
Tributary Rating Table
Iributary Elevations (ft)
Main Main Main Main Main Main Main

Iributary || River River River River River River River
Flou Elev (1)|Elev (Z2)]|Elev (3)|Elev (4)]Elev (5)]Elev (6)|Elev (?7)

(cfs) 589.00

1Help  ZPrtScr 3 4 6D0S s 8 9Plot  10Exit
Press <F16> to Save Data and Exit

FIGURE 8.24 Tributary Transfer Relationship Data Entry Screen
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RBEND2 EXSTAGE
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FIGURE 8.25 Tributary Transfer Reldtionship Plot
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8.3. VIEW EXTERIOR STAGE HYDROGRAPH AT PRIMARY OUTLET

Figure 8.26 illustrates the Continuous Simulation Analysis Exterior Stage Hydrograph at
Primary Outlet, which includes the following data values:

e Date/Time: The date and time at the end of each tabulation interval.

o Elevation: The water surface elevation in the exterior channel at the end of each
tabulation interval.

If this is a computed hydrograph, HEC-IFH indicates the progress of the computations as
they are performed.

Pressing the [F4] Goto key instructs HEC-IFH to move directly to any specified time interval

in the time series. The [F9] Plot key causes the HEC-IFH program to plot the exterior stage

hydrograph. Figure 8.27 illustrates a typical annual exterior stage hydrograph plot. If you
have entered enough data values, you may "zoom™ to a one-year plot of monthly peak
values, a one-month plot of actual values (as shown in Figure 8.28), or a one-day plot of
actual values. From the one-year, one-month, or one-day plots, you may "pan” to plots of
different years, months, or days, if available. The zoom and pan plot options are described
in Chapter 2.

Figure 8.29 illustrates the Hypothetical Event Analysis Exterior Stage Hydrograph at
Primary Outlet, which includes the exterior stage hydrographs for all of the storm events
considered in the analysis.

CSa 01.01.00 EXST18

Study ID RBENDZ ﬂExterior Stage (EXSTAGE) ]

Module ID EXSTAGE

View Exterior Stage Hydrograph at Primary Outlet
Date/Time Elevation

DaMon¥earHrMn i)
910CT1950-2400 581.12
020CT1950..2400 - 581.08
030CT1950-2400 581.08
040CT1950..2400 581.12
050CT1950.-2400 581.12
060CT1950,2400 581.12
070CT1950-2400 581.39
680CT1950.-2400 582.27
090CT1350.,2400 581.97
100CT1950,2400 581.53
110CT1956.,2400 581.39
120CT1350,2400 581.24
130CT1950.,2460 581.20
140CT1950.,2400 581.24

1Help ZPrtScr 3 4Goto 5 SPlot  10Exit

Press <F10> to Save Data and Exit

FIGURE 8.26 CSA Exterior Stage Hydrograph at Primary Outlet
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FIGURE 8.27 Plot of Annual Maximum Exterior Stages at Primary Outlet
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FIGURE 8.28 Plot of Exterior Stage Hydrograph at Primary Outlet
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HEn 01.01.00 EXST2Z

Study ID SILUERCR [LExterior Stage (EXSTAGE) ﬂ

Module ID EXSTAGE

UView Exterior Stage Hydrographs at Primary Outlet (£t)
Hyp.Frg| Hyp.Frq| Hyp.F Hyp.Frgq| Hyp.Frq| Hup.Frg] Hyp.Frgq

Dastrtn| 506 207 10 & 4 Frd 1~ 0.2x SFF
1-0100| 581.0 581.0 581.0 581.0 581.0 581.0 581.0 581.0
1-0Z006| 581.0 581.0 581.0 581.0 581.0 581.0 581.0 581.0
1,-0300| 581.0 581.0 581.0 581.0 581.0 581.0 581.06 581.0
1-0400| 581.0 581.0 581.0 581.0 581.0 581.0 581.0 581.0
10500 581.0 581.0 581.0 581.0 581.0 581.0 581.0 581.0
10600 581.0 581.0 581.0 581.0 581.0 581.0 581.0 581.0
1,0700f 581.0 581.0 581.0 581.0 581.0 581.0 581.0 581.0
1-06800| 581.0 581.0 581.0 581.0 581.0 581.0 581.0 581.0
1-6900| 581.0 581.0 581.0 581.0 581.0 581.0 581.0 581.0
1-1000| 581.0 581.0 581.0 581.06 581.0 581.0 581.0 581.0
1r1160| 581.0 581.0 581.0 581.0 581.0 581.0 581.0 581.0
11200} 581.0 581.0 581.0 581.0 581.0 581.0 581.0 581.0
1-1300| 581.0 581.0 581.0 581.0 581.0 581.0 581.0 581.0
1-1400| 581.0 581.0 581.0 581.0 581.0 581.0 581.0 581.0

1Help ZPrtScr 3 4Goto 5 6D0S 7 8 9Plot  10Exit

Position with <PgDn>, <Pglp>, <Dn>, <Up>, <Home>, <End>

FIGURE 8.29 HEA Exterior Stage Hydrographs at Primary Outlet
8.4. TABULATE PRIMARY OUTLET EXTERIOR STAGE EXCEEDANCE DURATION

After an exterior stage hydrograph at the primary outlet location is entered, imported, or
specified for computation, HEC-IFH can generate an exceedance duration table from the
stage hydrograph. The computed data may then be used to establish a relationship
between exterior stage and storm frequency. No further data entry is required for this
operation. The HEC-IFH program demonstrates the progress of the computations as they
are performed.

The exceedance duration table is not available for the Hypothetical Event Analysis method
because the relatively short time base of the stage hydrograph would make the results
meaningless. For the Continuous Simulation Method, the exceedance duration table is
included as an optional method of analyzing the exterior stage hydrograph, so that the
user can have the best possible understanding of the data.

Figure 8.30 illustrates the determination of stage versus frequency data. The following
computations are required:

1. Determine Extreme Stage Values: The exterior stage hydrograph is analyzed to
determine the maximum and minimum stage values. This range of values is divided
into a number of increments. The first column in Table 8.1 shows an example of
such a series of incremental elevations.

2. Determine Days in which Stages are Exceeded: The exterior stage hydrograph is
analyzed again to total the number of days that the exterior stage exceeds each
incremental elevation. The second column in Table 8.1 lists the number of days in
which each incremental elevation is exceeded for the example data set.
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3. Convert Days to Percentage: The percent of time exceeded is computed by
dividing the days exceeded for an elevation value by the total days of the record.
The third column in Table 8.1 illustrates the results.

4. Interpolate Standard Percentages: The percentages listed in Table 8.1 are interpo-
lated to determine the exterior elevation corresponding to each of sixteen standard
percentage values (0.2, 0.5, 1, 2, 5, 10, 20, 30, 40, 50, 60, 70, 80, 90, 99, 100}.

5. Interpolate Flow Rates: If an exterior channel rating curve is also available, the
program also interpolates the flow rate corresponding to each computed exterior
stage value.

Exterior Stage

—NWH MO 0 O

Exterior Stage \‘2\

0 .
% of Time Exceeded 100

FIGURE 8.30 Elevation - Percent Time Exceeded - Frequency

TABLE 8.1 Exterior Elevation vs. Percent Time Exceeded Example
Elevation/Stage (ft.) No. of Days Exceeded Percent of Time Exceeded Flow cfs

430 3,650 100.0 100
432 3,560 99.5 1,050
434 3.010 82.5 3.870
436 2,175 60.0 8,920
438 1,400 38.4 15,800
440 928 25.4 23,600
442 580 15.9 45,100
444 275 7.5 73,000
446 58 1.6 120,000
450 0 0.0 293,000

Figure 8.31 illustrates the screen which displays the results of the exceedance duration
computation. This table is really a completed version of Table 8.1, although the numbers
in the two tables do not match in this case, because they are based on different data sets.

As indicated, Stage and No. of Values are provided for each of the sixteen standard
percentages ranging from 0.2% through 100%. In this example, a rating curve for the
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exterior channel is provided, so the table also lists interpolated flow rate values for each
percentage. If a rating table is not available, all Flow values are zero (0.0).

Pressing the [F9] key causes the Exceedance Duration table to be plotted on the computer
screen. Figure 8.32 illustrates the plot.

CSA 01.01.00 EXSTO8

Study ID RBENDZ ﬂ Exterior Stage (EXSTAGE) ﬂ

Module ID EXSTAGE

Tabulate Exceedance Duration
7 Time Flouw Stage No. of “« Time Flow Stage No. of
Exceeded (cfs) £t) Values Exceeded (cfs) rt) Values
100 37.9 586.95 3653. 30 196.5 5B4.76 1096
99 40.0 581.00 3616. 20 347.8 586.85 731
90 51.4 581.29 3288. 10x 703.9 590.58 365
80 61.0 581.53 2922. 4 1723.3 595.92 146
70 69.3 581.73 2557. 27 2466 .6 598.87 73
60 .2 581.93 2192. 1z 2802.9 599.93 37
50 90.7 582 .27 1827. 0.5% 3207 .6 601.18 18
40 1Z21.9 583.65 1461. 0.27 4644 .3 604 .88 7
1Help ZPrtScr 3 4 = 6D0S ? 8 SPlot 10Exit
Press <F10> to Return
FIGURE 8.31 Exceedance Duration Table
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FIGURE 8.32 Exceedance Duration Plot
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CHAPTER 9.
Auxiliary Inflow/Outflow

9.1. INTRODUCTION

Auxiliary inflows include any inflows to the interior area other than sub-basin runoff or
base flow. Auxiliary outflows include any outflows from the interior area that may occur
other than gravity or pump outlet discharge. The following types of auxiliary flows may be
considered when using HEC-IFH:

1. Auxiliary inflows for each interior sub-basin. Auxiliary inflows enter the interior
system and combine with runoff to form total inflows. Auxiliary inflows can account
for overflows or diversions from other drainage areas, or provide a way for the user
to input hydrographs computed using methods other than the built-in HEC-IFH
runoff routines.

2. Flow Diversions out of the upper interior sub-basin. A pressure conduit or
diversion channel might carry such a diversion. Diverted flows leave the interior
systern.

3. Overflows out of the lower interior sub-basin. Overflows may occur as the water
surface elevation in the interior ponding area rises to a level that causes flows to
spill out of the interior area. Overflows generally enter an adjacent interior area.
The HEC-IFH program assumes that the flow leaves the interior system.

4. Seepage into the interior pond. Seepage occurs because of the permeability of the
line of protection or the soil underlying the line of protection. High water levels in
the exterior channel provide the force that drives seepage. The program can
account for seepage from the exterior river to the interior area based on a user-
specified head vs. discharge relationship.

MCAG
Auxiliary

Inflow/Outflow
(AUXFLOW)

l [ I | I

AUXFO7
Emés/ﬁiﬁ AUXFO4 FEter Enfer AUXFOS
Auxiliary Inflow Enter Diversion Overflow for Seepage §pecrfy
for Inferior for Upper Lower Inflow Rate for Auxiliary Flow
Sub-Basin Sub-Basin Lower Module Data

Sub-Basin

PLOT

PLOT PLOT

Diversion for Overflow for seepage
i Inflow for

for Interior Upper Lower Lower
Sub-Basin Sub-Basin Sub-Basin Sub-Basin

FIGURE 9.1 AUXFLOW Module Structure
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Figure 9.1 shows the structure of the HEC-IFH programn screens which deal with data
entry and plotting for auxiliary flows. As shown, HEC-IFH provides several data entry
screens and plots for auxiliary flow data. The Continuous Simulation and Hypothetical
Event analysis approaches both use the same auxiliary flow data, except that auxiliary
inflows cannot be specified for the upper interior sub-basin for Hypothetical Event
Analyses.

Figure 9.2 illustrates the main menu screen of the AUXFLOW module for Continuous
Simulation Analysis. The corresponding Hypothetical Event Analysis screen is almost
identical.

CSh 01.01.00 MCAG

Study ID RBENDZ H fiuxiliary Inflow/Outflow (AUXFLDUW) ﬂ

Select Option:

. Enter/Inport fuxiliary Inflow for Interior Sub-Basins

B. Enter Diversion Rates for Upper Sub-Basin

C. Enter Overflow Rates for Lower Sub-Basin

D. Enter Seepage Inflow Rates for Louer Sub-Basin
E. Specify Auxiliary Flow Module Data

1Help  2PrtScr 3 4 5 6D0S 7 8 9 10Exit
Press Letter: or use Arrou Keys and <Enter> to Select

FIGURE 9.2 Auxiliary Inflow/Qutflow Menu Screen
9.2. AUXILIARY INFLOWS FOR INTERIOR SUB-BASINS

Although HEC-IFH provides runoff computation routines, it may be convenient to compute
the runoff for one or both of the interior basins by other means. For example, if the interior
study involved a complex interior area requiring sub-division into more than two sub-
basins, a rainfall-runoff program such as HEC-1 could be used to generate the interior
runoff. The runoff hydrograph could be written to HEC-DSS and subsequently imported
into HEC-IFH as lower sub-basin auxiliary flow.

Auxiliary inflows also may be used to represent additional sources of inflow into the
interior system that can be added to the runoff generated from rainfall. Examples include
diversions or overflows from other drainage areas.

9.2.1. Auxiliary Inflows for Continuous Simulations

Figure 9.3 illustrates the data entry screen used to enter auxiliary inflow data for a
Continuous Simulation Analysis. Each Auxiliary Inflow time series must be identified by a
unique 8-character Auxiliary Inflow ID. This ID is used later when specifying which data
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will be used for each computation. A 40-character Description provides further
background information on the auxiliary inflows.

CSn 61.01.00 AUXFO3
Study ID RBENDZ H Auxiliary Inf low/0Outflow (AUXFLOW) H
Enter/Import Auxiliary Inflouw for Interior Sub-Basin
fuxiliary Inflow ID Date/Time | Aux Inflow
Description: DaMonYearHrMn (cfs)

090CT1954/2400

Starting Period 100CT1954./2400

(e.g. 01JAN1989,1300) 110CT1954,2400

120CT1954,/2400

Ending Period 130CT1954,2460
140CT1954./2400

Tinme Interval 150CT1954.,2400

{e.g. 1HOUR, 1DAY, ...) 160CT1954./2400

170CT1954.,2400
180CT1954.,2400
190CT1954.,2460
200CT1954,/2400
210CT1954,2460
220CT1954,2400

1Help 2Z2PrtScr 3Index 4 5 6D0S 7 8 9 10Exit

Press <F10> to Save Data and Return

FIGURE 9.3 Auxiliary Inflows Data Entry Screen

Several auxiliary inflow hydrographs may be entered or imported, each one stored under a
different Auxiliary Inflow ID. When the cursor is on the Auxiliary Inflow ID field, the

key displays a list of previously-stored IDs. Any of these previous IDs may be selected, and
the corresponding inflow hydrographs will be displayed for editing,

The Starting Period and Ending Period of the auxiliary inflows must be entered. These
use the standard HEC-DSS format for date and time values. The starting period is the end
of the first computation interval, and the ending period is the end of the last computation
interval in the time series. For example, a record consisting of hourly values for the month
of October 1990 would have a starting period of 010CT1990/0100 and an ending period of
310CT1990/2400. If the auxiliary inflows for October 1990 consisted of daily instead of
hourly values, the starting period would be 010CT1990/2400 (the end of the first day),
but the ending period would still be 310CT1990/2400. The ending period must be later
than the starting period.

The Time Interval must be entered as a number combined with a unit of time. Time
intervals must be between 5 minutes and 24 hours. Any of the following time intervals are
acceptable: 5SMIN, 10MIN, 15MIN, 30MIN, 1HOUR, 2HOUR, 3HOUR, 4HOUR, 6HOUR,
12HOUR, and 1DAY. The time increment must be consistent with the starting and ending
period. For example, a time interval of 2HOUR would not be consistent with a starting
period of 010CT1990/0100, but a time increment of 1HOUR would be,

After entering the starting and ending times and time interval, the HEC-IFH program is
ready to receive Auxiliary Inflow values for each time period. The user may enter these
values or import them from an external HEC-DSS file on disk. All auxiliary inflow values
must be equal to or greater than zero (0).
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To import an auxiliary inflow time series, press the key after entering the time
increment but before entering any auxiliary inflow values. As described in Chapter 2, the
file name of the HEC-DSS file and the HEC-DSS path name of the time series must be
provided in order to import data. If the HEC-IFH program cannot locate the specified file or
HEC-DSS path name, an error message is displayed.

The HEC-IFH program checks all imported values to detect missing data. If data values are

missing, the missing data values can be replaced with zeroes, or the import procedure can
be terminated.

Pressing the Goto key during data entry instructs HEC-IFH to move directly to any
specified time interval in the time series. Chapter 2 provides further details.

After entering or importing auxiliary inflows, the [F9] key causes the HEC-IFH program to

plot the auxiliary inflow hydrograph. Figure 9.4 illustrates a typical annual total auxiliary
inflow plot. If enough data values are available, you may "zoom" to a one-year plot of daily
totals (as shown in Figure 9.5) or a one-month plot of actual inflow values (as shown in
Figure 9.6). From the one-year or one-month plots, you may "pan” to plots of different
years or months, if available. The zoom and pan options are described in Chapter 2.

DAILY TOTAL AUXILIARY INFLOM
RBEND2 AUXFLOW1

10080 , r , r : . , : : : :
o0 |- , : : . : : : ‘ . -
2008 : . : : . . : ‘ : : )
7veee : . - : : . : ‘ . 4
cans - : : , : y ‘ ‘ ‘ .
Seee . . : : : : . ]
q088 - : . : , : . : : u -

3080 -

FLOW VOLUME <AC-FT)

2008 -

1980

Feb Mar Apr May Jun Jul Aug Sep
Hater Year 1955

FIGURE 9.5 Plot of Daily Auxiliary inflow Totals
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AUXILIARY INFLOM
RBEND2 AUXFLOML
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1888
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FIGURE 9.6 Plot of Periodic Auxiliary inflow Values

9.2.2. Auxiliary Inflows for Hypothetical Event Analyses

Figure 9.7 illustrates the data entry screen used to enter auxiliary inflow data for a
Hypothetical Event Analysis. Each event-set of Auxiliary Inflow time series must be
identified by a unique 8-character Auxiliary Inflow ID. This ID is used later when
specifying which data will be used for each computation. A 40-character Description
provides further background information on the auxiliary inflows.

The Time Interval must be entered as a number combined with a unit of time. Time
intervals must be between 5 minutes and 24 hours. Any of the following time intervals are
acceptable: 5SMIN, 10MIN, 15MIN, 30MIN, 1HOUR, 2HOUR, 3HOUR, 4HOUR, 6HOUR,
12HOUR, and 1DAY.

The Number of Intervals determines the number of auxiliary inflow hydrograph ordinates
which will be entered or imported. The number of intervals may be computed by dividing
the storm duration by the time interval. For example, a 10-day storm analyzed using a 5-
minute time interval would require 2,880 time intervals. Any integer number of intervals
up to 10,000 is acceptable, as long as the number of days does not exceed 99.

After entering the time interval and number of intervals, the HEC-IFH program is ready to
receive Auxiliary Inflow values for each time period for each of the standard storm events
used in Hypothetical Event Analyses. The user may enter these values or import them from
an external HEC-DSS file on disk. All auxiliary inflow values must be equal to or greater
than zero (0). Inflow hydrographs may be entered for some storm events and omitted for
others.
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AUXF10

HEA 01.01.00
Study ID SILVERCR ﬂ Auxiliary Inflow/Outflow C(AUXFLOW) ]

Enter/Inport Auxiliary Inflou for Louer Sub-Basin (cfs)
Aux. Inflow ID 3} S n g At lExanple Aux Inflow — 10%,47,2%,1% freq.
Tine Interval Number of intervals 60

Hyp.Frq| Hyp.Frq| Hyp.Frqg| Hyp.Frgq| Hyp éirq Hyp.Frg Hgg.Frq

DasHrin| 50 207 10% 4 1~ . SPF
1,0100 0. ¢ 0. 0]
1,/0200 0. 1¢] 0. 0
1,0300 0. 0 0. 4]
1,0400 0. ¢ 0. o
1,0508 0. g 0. 0
1,0600 0. 0] 0. 8
1,0700 0. 0] 0. 0
1,0800 0. 0 0. 0
1,6900 0. 0 0. 0
1-1000 0. 0] 0. 0
1-1100 0. 0 0. 0

0. 0 0. 0

11266

iHelp ZPrtScr 3Index 4 5 6003 7 (5] S 10Exit

Position with <PgDn>, <PgUp>, <Dn>, <Up>, <Home>, <End>

FIGURE 9.7 HEA Auxiliary Inflows Data Entry Screen

To import an auxiliary inflow time series, press the [F7] key after entering the time interval

but before entering any auxiliary inflow values. As described in Chapter 2, the file name of
the HEC-DSS file and the HEC-DSS path name of the time series must be provided in
order to import data. If the HEC-IFH program cannot locate the specified file or HEC-DSS
path name, an error message is displayed.

For Hypothetical Event Analysis, HEC-IFH allows the user to specify up to 8 different
values for Part F of the HEC-DSS path name. These represent the different storm events
which may be analyzed in a single HEA plan analysis. If one or more storm events will not
be used in a particular plan analysis, the user may enter SKIP for the corresponding Part
F. The time series for that storm event will not be imported.

The HEC-IFH program checks all imported values to detect missing data. If data values are
missing, the missing data values can be replaced with zeroes, or the import procedure can
be terminated.

Pressing the Goto key during data entry instructs HEC-IFH to move directly to any
specified time interval in the time series. Chapter 2 provides further details.

After entering or importing auxiliary inflows, the [F3] key causes the HEC-IFH program to

plot the auxiliary inflow hydrographs for each selected storm frequency (see Figure 9.8).
Figure 9.9 illustrates a typical auxiliary inflow plot. If enough data values are available,
you may "zoom" to a one-day plot of inflow values (as shown in Figure 9.10). From the one-
day plot, you may "pan” to plots of different days, if available. The zoom and pan options
are described in Chapter 2. On a color computer monitor, each event would be plotted
using a different color.
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HEA 01.01.00
Study IDP SILVERCR

ﬂ Auxiliary Inflow- Outflow C(AUXFLOW) ]

Enter/Import Auxiliary Inflow for Lower Sub-Basin (cfs)

fux. Inflou ID W Description

Time Interval

AUXF10

Example Aux Inflow - 10x,4/,24,1% freq.
Number of intervals 60

SPF

1,0500
1,6600
1,0760
1,0800

Select Flood Events

50x 20+ 10x 4x 2x 1x 0.2

Hyp.Frg| Hup.Frq| Hyp.Frq| Hyp.Frq| Hyp.Frg| Huyp.Frg| Hup.Fryg

DasHrMn| 50 207 102 4x 2% 1 0.2
1,0100
1,0200
1,0300
1,6400

jeolofoNoloNoNoNoN oo Nl

(= o e o NoloNoNoN o Nl ol

 J 8 888 1

Position with <PgDn>, <Pglp>, <Dn>, <Up>, <Home>, <End>

FIGURE 9.8 HEA Auxiliary inflows Plot Selection Screen
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FIGURE 9.9 Piot of HEA Auxiliary Inflow for Analysis Record
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FIGURE 9.10 Plot of HEA Zoomed Auxiliary Inflow Values
9.3. DIVERSION FOR UPPER SUB-BASIN

For some interior systems, a portion of the runoff from the interior area may be diverted
out of the interior system. These diversions generally originate in the upper portion of the
drainage area, so that gravity can be used to convey the diverted flow around the interior
area, or through the line-of-protection in a pressure conduit. Therefore, HEC-IFH allows
diversions only for the upper interior sub-basin.

A diversion table is used to describe the capacity of the diversion in relation to the total
inflow rate for the upper sub-basin. The diversion table is input directly to the HEC-IFH
program as a table of total inflow rates and corresponding diversion flow rates. The total
inflow rates include the runoff rate for the upper sub-basin, plus the auxiliary inflow rate
described earlier in this chapter. Up to 20 data points may be used. Figure 9.11 illustrates
the diversion table data entry screen.

Several diversion tables may be entered, each one stored under a different Diversion Table
ID. When the cursor is on the Diversion Table ID field, the key displays a list of

previously-stored IDs. Any of these previous IDs may be selected, and the corresponding
table will be loaded for editing. The 40-character Description provides documentation for
each diversion table.

The Runoff + Auxiliary Inflow and the Diverted Flow columns always begin with values
of zero (0). Each succeeding value should equal or exceed the previously-entered value.
The diverted flow cannot exceed the corresponding Runoff + Auxiliary Inflow value.

Pressing the [F9] key causes the diversion table to be plotted on the computer screen.
Figure 9.12 illustrates the plot.
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CSa 01.81.00 AUXFO4
Study ID RBENDZ H Auxiliary Inflou/0Outflow C(AUXFLOW) ﬂ
Enter Diversion Rate for Upper Sub-Basin
Diversion Table ID Runoff + Aux. Diverted
Inflou Flow
Description (cfs) (cfs)
Diversion Table Example
1Help ZPrtScr 3Index. 4 5 6D0S e 10Exit
Press <F16> to Save Data and Return
FIGURE 9.11 Diversion Table Data Entry Screen
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FIGURE 9.12 Diversion Table Plot
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9.4. OVERFLOW FOR LOWER SUB-BASIN

For some interior systems, there is a low area adjacent to the interior ponding area. Water
from the interior pond may begin to spill, or overflow, into the adjacent low area as the
interior pond elevation rises during a storm event. The adjacent low area may be connected
to another pond or channel, or the overflow may simply spill into another watershed area.
HEC-IFH allows overflows only for the lower interior sub-basin, where the interior ponding
area is located.

An overflow table describes the capacity of the overflow in relation to the interior pond
elevation. The overflow table is input directly to the HEC-IFH program as a table of pond
elevations and corresponding overflow rates. Up to 20 data points may be used. Figure
9.13 illustrates the overflow table data entry screen.

Several overflow tables may be entered, each one stored under a different Overflow Table
ID. When the cursor is on the Overflow Table ID field, the key displays a list of

previously-stored IDs. Any of these previous IDs may be selected, and the corresponding
table will be loaded for editing. The 40-character Description provides documentation for
each overflow table.

The first Drainage Basin Overflow value is always zero (0). Each Interior Pond Elevation
value and Drainage Basin Overflow should equal or exceed the previously-entered value.
All interior pond elevation values must fall within the valid range of elevations described in
Chapter 2 of this manual.

Pressing the [F9] key causes the overflow table to be plotted on the computer screen. Figure
9.14 illustrates the plot.

CSa 01.01.00 AUXFO6
Study ID RBENDZ ﬂﬂuxiliarg Inf low/0utf lou C(AUXFLOW) ]
Enter Overflow Rate for Louer Sub-Basin
Quverflow Tabhle ID LYAiykl Interior Pond|Drainage Basin
Elevation DOverf low
Description (ft) (cfs)

Juerf low Table Example

1Help 2PrtScr 3index 4 6D0S 10Exit
Press <F16> to Save Data and Returm

FIGURE 9.13 Overflow Table Data Eniry Screen
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FIGURE 9.14 Overfiow Table Plot
9.5. SEEPAGE INFLOW FOR LOWER SUB-BASIN

The line-of-protection is generally not completely impervious to seepage, which may pass
through or beneath the levee. Seepage occurs because of the difference in water surface
elevations on each side of the line-of-protection. If the exterior water surface elevation is
higher than the interior water surface elevation, then seepage may enter the interior
ponding area as inflow. In the design of the HEC-IFH program, it is assumed that seepage
can occur as inflow from the exterior to the interior only and may not be lagged in time.

HEC-IFH uses a seepage table to describe the seepage flow rate in relation to the head
differential across the line-of-protection. The seepage table is input directly to the HEC-IFH
program as a table of differential heads and corresponding seepage flow rates. Up to 20
data points may be used. Figure 9.15 illustrates the seepage table data entry screen.
Several seepage tables may be entered, with each one stored under a different Seepage
Table ID. When the cursor is on the Seepage Table ID field, the [F3] key displays a list of
previously-stored IDs. Any of these previous IDs may be selected, and the corresponding
seepage table will be loaded for editing. The 40-character Description provides
documentation for each seepage table.

The first Differential Head and Seepage Inflow values are always zero (0). Each
succeeding value should exceed the previous value.

Pressing the [F9] key causes the seepage table to be plotted on the computer screen. Figure
9.16 illustrates the plot.
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CSh 01.01.00 AUXFO?
Study ID RBENDZ [ﬂuxiliarg Inf low/Outf low (AUXFLOW) ]
Enter Seepage Inflow Rate for Lower Sub-Basin
Seepage Table ID Differential Seepage
Head Inf low
Description ft) (cfs)
iHelp 2PrtScr 3Index 4 5 6D0S s 10Exit

Press <F10> to Save Data and Return

FIGURE 9.15 Seepage Table Data Eniry Screen
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FIGURE 9.16 Seepage Table Plot
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9.6. SPECIFYING AUXILIARY INFLOW/OUTFLOW DATA

Figure 9.17 shows the screen used to specify the auxiliary flow conditions which, when
combined, make up a particular AUXFLOW data module for a Continuous Simulation
Analysis. Figure 9.18 illustrates the corresponding screen for Hypothetical Event Analyses.

Like other HEC-IFH data entry modules, the AUXFLOW module data is stored under a
Module ID. Several AUXFLOW module data sets may be stored under different IDs. When
the cursor is on the Module ID field, the key displays a list of previously-stored IDs.
Any of these previous IDs may be selected, and the corresponding data will be loaded for
editing. The 40-character Description provides documentation for each AUXFLOW Module
data set.

The AUXFLOW module data includes up to two optional Auxiliary Inflow IDs (one for the
upper interior sub-basin and the other for the lower interior sub-basin}. When the cursor
is on each ID field, the [F3] key displays a list of previously-stored Auxiliary Inflow IDs. Any
of these previous IDs may be selected. One or both of these IDs may be omitted if there are
no auxiliary inflows for the sub-basin.

The AUXFLOW module data also includes optional diversion, overflow, and seepage tables.
Each of these tables is identified by its ID. Any ID already entered for the present STUDYID
may be selected. When the cursor is on each ID field, the key displays a list of
previously-stored IDs. Any of these table IDs may be selected or omitted. As each ID is

entered, the HEC-IFH program displays the 40-character description for that ID. This
helps the user to verify that the program is using the correct data.

The user may reenter the AUXFLOW module later in order to change or add IDs for any of
the auxiliary flow data elements. New AUXFLOW modules may also be defined.

CSh 01.01.00 AUXFO8
Study ID RBENDZ ﬂﬁuxiliarg Inf low/0utf low (AUXFLOW) ]
Specify Auxiliary Flow Module Data
Module ID
oS n S o s EExanple Auxiliary Flou Module data
Auxiliary
Sub-Basin Inflow ID Description
Louer Interior|jlbd3RiCNl Aux Inflow Interior data WY1950-UY1960
Upper Interior
Upper Sub-Basin Diversion Table ID
Diversion Table Example
Louer Sub-Basin Overflou Tabhle ID  HUNHIKI
Overf lou Table Example
Lover Sub-Basin Seepage Table ID
Example of Seepage Inflouw
1Help ZPrtScr 3Index 4 5 6D03 7 8 9 10Exit
Press <F10> to Save Data and Return

FIGURE 9.17 Auxiliary Flow Data Screen for Continuous Simuldations
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AUXFO9

HEA 01.01.00
Study ID SILUERCR u:ﬂuxiliarg Inf low/Cutf low (ﬂUXFLUU)“

Specify Auxiliary Flou Data

Module ID AUXLFOWZ
) TngyA L MlExanple Auxiliary Flow Data.

Louer Sub-Basin Auxiliary Inflow ID FE§LIFRY
Example Aux Inflow - 102,44,2x,1% freq.

Upper Sub-Basin Diversion Table ID
Diversion Table Example

Louwer Sub-Basin Overflow Table ID LUl
Overflou Table Example

Louwer Sub-Basin Seepage Table ID SEEPAGE1
Example of Seepage Inflow Table

1Help ZPrtScr 3Index 4 5 6b0sS ? 8 9 10Exit
Press <F10> to Save Data and Return

FIGURE 9.18 Auxiliary Flow Data Screen for Hypothetical Event Analyses
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CHAPTER 10.
Interior Analysis

10.1. INTRODUCTION

After all of the required modular input data described in Chapters 3 through 9 of this
manual have been entered, the interior analysis computations may be performed. To
perform the interior analysis, a plan is defined which represents a unique combination of
precipitation, runoff, exterior stage, and interior area facilities. Figure 10.1 shows the data
entry screen which is used to assemble the various data modules which make up a plan.

C3fn 01.01.00 MCB+
Study ID RBEND2 " Perforn Interior fAnalysis H
Plan ID v ST ST M4 Box culu. with 200-cfs pump. PARTIAL
Module
Module ID Description

Basin Average Precipitation [FIX9ig!
Runoff Hydrograph Parameters[iiNIy ]
Interior Pond {INTPOND 1
Gravity Outlets OUTLET1

Pump Data PUMPHOD1
Exterior Stage EXSTAGE

Auxiliary Flou 1'

Precip. data for App. C.

Runoff data for App. C. example.
Interior pond module data for App. C.

1 - 4x1 box at the primary location.
Punp module for App. C exanmple.
Exterior stage data for App. C example.

Beginmming Date for Analysis (DaMonYear /Hrin) 010CT1950.-0100
Ending Date for Analysis (DaMonYear/HrMn) 30SEP 19602400
Computation Time Interval (e.g. 1HOUR, 1DAY, ...) 1HOUR

1Help Z2PrtScr 3Index 4 5 6003 ? 8 9 10Exit
Press <F10> to Proceed to the Menu

FIGURE 10.1 Plan Specification Screen

A study typically has several plans. Different plans can be described having specific
components which define configurations requiring evaluation. For example, the first plan
may describe a minimum gravity outlet facility, a second plan may describe additional
gravity outlet capacity, and a third plan may include a pumping station.

As Figure 10.1 indicates, each plan must be given a unique Plan ID. The Plan ID identifies
the plan when the HEC-IFH program reports results or produces comparisons of several
plans. Several sets of plan data may be stored under different IDs. When the cursor is on

the Plan ID field, the key displays a list of previously-stored IDs. Any of these previous
IDs may be selected, and the corresponding data will be loaded for editing. The 40-
character Description provides documentation for each plan data set.

The plan may include Module IDs for any or all data entry modules. When the cursor is on
each Module ID field, the key displays a list of previously-stored IDs. Any of these
previous IDs may be selected. As each ID is entered, the HEC-IFH program displays the
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40-character description for that ID. This helps to verify that the program is using the
correct data. One or more Module IDs may be omitted if not required for the particular
analysis. For example, a plan which does not consider any pumping capacity can omit the
Pump Module ID. A new Plan ID can be entered and Module IDs edited to describe the new
plan.

The Beginning Date for Analysis and Ending Date for Analysis must be entered. These
use the standard HEC-DSS format for date and time values. The beginning date is the end
of the first computation interval, and the ending date is the end of the last computation
interval in the analysis. For example, hourly values for the month of October 1990 would
have a beginning date of 010CT1990/0100 and an ending date of 310CT1990/2400. If the
analysis of October 1990 consisted of daily instead of hourly values, the starting date
would be 010CT1990/2400 (the end of the first day), but the ending date would still be
310CT1990/2400.

The ending date must be later than the beginning date for the analysis. In addition, the
specified beginning and ending date should be consistent with the starting and ending
periods of time series used as input for the calculations. After the beginning and ending
date are specified, the HEC-IFH program automatically checks all precipitation, exterior
stage, and auxiliary inflow time series used in the plan. If any of these time series start
after the beginning date of the interior analysis, or end before the ending date of the
analysis, the interior analysis will proceed using zero (0) for all missing values. If this
situation exists, the HEC-IFH program will write a warning message to the error warning
message file.

The Computation Time Interval is used as the time step for all sub-basin runoff, channel
routing, and pond routing computations for the interior analysis. It must be entered as a
number combined with a unit of time. Time intervals must be between 5 minutes and 24
hours. Any of the following time intervals are acceptable: 5MIN, 10MIN, 15MIN, 30MIN,
1HOUR, 2HOUR, 3HOUR, 4HOUR, 6HOUR, 12HOUR, and 1DAY. The time increment
must be consistent with the beginning and ending date. For example, a time increment of
2HOUR would not be consistent with a beginning date of 010CT1990/0100, as would a
time interval of 1THOUR.

The selection of a computation time interval can affect the validity and numerical stability
of several computations performed during the interior analysis. If the time interval chosen
is too long, the degree of accuracy of the results required may be foregone. If a shorter time
interval than required is selected, the time required to run the analysis will be longer than
necessary and the volume of the output will be much larger than needed.

If the interior area is such that the problem is essentially providing facilities to handle the
volume of water reaching the line-of-protection (such as would be the case for a typical
agricultural area with a large ponding area), then a long computational time interval of up
to 1 day may be appropriate. If the situation includes a requirement to handle peak flow
reaching the line-of-protection (such as would be the case for urban areas with little or no
ponding area), then a shorter time interval, which provides good definition of the peak flow
rate using the specified unit hydrograph, may be required.

A good test as to whether a shorter computation time interval is required would be to
analyze a plan configuration with a short and long interval and compare resulting stage-
frequency relationships. If differences are significant, a shorter time interval would be
chosen for all plans being evaluated.

The HEC-IFH program interpolates or aggregates the required input time series data for
use in the analysis. The program checks the specific computation time interval with unit
hydrograph and routing parameters during the analysis and writes messages to the plan
message file if required. For a description of these messages, see Appendix F.
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The HEC-IFH program checks the specified computation time interval against the following
values:

1. Time Increment of Precipitation Station Record: If the rainfall time record is at a
longer time interval than the interior analysis, rainfall values will be interpolated
for each analysis interval. However, better results will be achieved if a rainfall
record with a shorter time interval is available. This is true for auxiliary inflow and
exterior stage time series as well.

2. SCS Lag Value: If the computation time interval exceeds 0.29 times the given SCS
dimensionless unit hydrograph lag value, the computations are performed.
However, a better definition of the unit hydrograph would be provided with a
shorter computation time interval.

3. Clark Time of Concentration (TC): If TC is less than the interior analysis
computation time interval, it is adjusted to equal the computation time interval.
However, a better definition of the unit hydrograph would be provided with a
shorter computation time interval.

4. Clark Watershed Storage Coefficient (R): If R is less than one-half of the
computation time interval, it is adjusted to equal one-half the computation interval.
However, a better definition of the unit hydrograph would be provided with a
shorter computation time interval.

5. Unit Hydrograph Time Interval: If the user has entered unit hydrograph
ordinates, the computation time interval must match the unit hydrograph duration,
which is equal to the tabulation interval of the input unit hydrograph. If not, runoff
computations may not be accurate. Unlike the computed Clark, Snyder, and SCS
Unit Hydrographs, HEC-IFH cannot adjust the duration of a user-supplied unit
hydrograph.

6. Muskingum K Coefficient: If the K coefficient is less than one-half of the
computation time interval, no channel routing will be performed.

7. Channel Routing Lag Value: If the routing lag value is less than one-half of the
computation time interval, no channel routing will be performed.

In addition to the starting and ending dates and the computation time interval, the HEC-
IFH program also checks many other input data values. Many of these input data values
can be validated completely only after the plan is specified. This validation is necessary in
order to insure that the specified plan components and data elements will function
properly together. Data values from different data entry modules may be acceptable
individually but conflict when used together. The following data values are checked:

1. Rainfall Record: If no rainfall record is specified for a particular sub-basin, then no
runoff computations will be performed for that sub-basin.

2. Gravity Outlet Elevations: If the interior invert elevation of any of the gravity
outlets is below the minimum elevation of interior pond, then pond routing
computations may be unstable.

3. Pump Outlet Elevations: If any monthly pump start or stop elevation is below the
minimum elevation, or above the maximum elevation, of the interior pond. The
corresponding pump unit will not operate during this month.

4. Overflow Elevation: If the flowline elevation of the overflow is below the minimum
elevation of the interior pond, pond routing computations may be unstable.
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If any of the conditions described above are detected, HEC-IFH issues a warning message
before proceeding with the interior analysis.

10.2. SEQUENCE OF INTERIOR ANALYSIS COMPUTATIONS

After the plan is specified, the menu screen illustrated in Figure 10.2 is displayed. This
menu controls how many of the interior analysis computations are performed in a single
operation.

C3a 01.01.00 MCB
Study 1D RBENDZ [ Perforn Interior fmalysis "

Plan ID  PLANP

Select Dption:

A. Perforn Upper Sub-Basin Analysis

B. Perforn Louer Sub-Basin Analysis (+ Upper as needed)

C. Perforn Exterior Basin fmalysis

D. Perforn Pond Routing Amalysis (+ Upper, Louer, Ext. as needed)

E. Perforn Frequency finalysis (+ Upper, Louer, Ext., Pond as needed)

1Help 2PrtSer 3 4 5 6D0S ? 8 9 10Exit
Press Letter: or use firrou Keys and <Enter> to Select

FIGURE 10.2 interior Analysis Menu
As indicated, 5 different options are available:

A. Perform Upper Sub-Basin Analysis: Using the precipitation record from the
PRECIP module, and the infiltration loss, unit hydrograph, and base flow
parameters from the RUNOFF module, compute the runoff hydrograph for the
upper interior sub-basin. Add the auxiliary inflow for the upper sub-basin, if any.
Subtract the diversion from the upper sub-basin, if any. Route the resulting
hydrograph downstream to the lower sub-basin.

B. Perform Lower Sub-Basin Analysis (+ Upper as needed): Execute Step A, if
appropriate and if not already executed. Then, using the precipitation record,
infiltration loss, base flow and unit hydrograph parameters, compute a runoff
hydrograph for the lower interior sub-basin. Add the auxiliary inflow for the lower
sub-basin, if any. Add the routed hydrograph from the upper sub-basin, if present
as a result of Step A above.

C. Perform Exterior Basin Analysis: Execute Steps A and B, if appropriate and if not
already executed. Then, using the data specified in the Exterior Stage module,
compute the exterior stage hydrograph at the primary outlet location.

D. Perform Pond Routing Analysis (+ Upper, Lower, Ext. as needed): Execute Steps
A, B, and C, if appropriate and if not already executed. Then, using the data for the
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interior pond, gravity outlets, pumps, seepage, overflow, exterior stage, and
combined inflow hydrograph, compute the pond stages and outflows for each time
period throughout the analysis.

E. Perform Frequency Analysis (+ Upper, Lower, Ext., Pond as needed): Execute
Steps A, B, C, and D, if appropriate and if not already executed. Then, using the
computed interior stage hydrograph, compute a graphical annual or partial
duration series interior area elevation-frequency and duration relationship.

As indicated, options B through D each depend upon the results of the previous option.
The user can execute options A, B, C, or D and view Hydrologic Analysis Summaries with
partial results. Chapter 11 describes the Hydrologic Analysis Summaries available in HEC-
IFH. After Options A or B (interior sub-basin analyses) are executed, the following
Hydrologic Analysis Summaries are available:

A. Data Management Analysis Input Summary

B. Rainfall-Runoff Analysis Input Summary (partial results only)

E. Rainfall-Runoff Data Calculation Period Summary (partial results only)
K. Average Monthly Rainfall Summary (partial results only)

N. Rainfall-Runoff Data Annual Summary (partial results only)

After Option C: Exterior Sub-basin Analysis is completed, Hydrologic Analysis Summaries
B, E, K, and N are complete. The completion of Option D: Pond Routing, makes the
following Hydrologic Analysis Summaries available:

C. Gravity Outlet Data Analysis Input Summary
D. Pump Station Data Analysis Input Summary
F. Interior-Exterior Data Calculation Period Summary

o

. Detailed Inflow Data Calculation Period Summary

Detailed Outflow Data Calculation Period Summary
Detailed Gravity Outflow Data Calculation Period Summary
Area Flooded Data Calculation Period Summary
Interior-Exterior Data Monthly Summary

Pump Operation Data Monthly Summary
Interior/Exterior/Pump Data Annual Summary

Maximum Interior Area Flooded Annual Summary
Maximum Values Analysis Record Sumnmary

MOE®OEr & N

Inflows and Outflows Analysis Record Summary

<

Pump Operation Analysis Record Summary

The remaining Hydrologic Analysis Summaries present the results of Option E: Frequency
Analysis:

S. Exceedance Duration Table Analysis Record Summary
T. Plotting Position Table Analysis Record Summary
U. Stage-Frequency Table Analysis Record Summary
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When each step listed above is executed, the HEC-IFH program determines whether
required supporting computations have already been completed. The program does not
repeat those calculations if no input data values have been changed. If the previous step
has not been completed, however, the HEC-IFH programn automatically completes it before
continuing with computations. For example, if the user chooses option B first, the program
will complete upper sub-basin computations {(option A) before proceeding with lower sub-
basin computations (option B).

10.3. INTERIOR POND ROUTING PARAMETERS

If Option D is selected from the Interior Analysis Menu (Figure 10.2), a data entry screen
appears to allow the specification of starting conditions and control parameters for the
pond routing computations. Figure 10.8 illustrates this data entry screen.

The Starting Pond Elevation is the water surface elevation in the interior storage pond at
the beginning of the interior analysis. The value entered must be within the valid range of
elevations described in Chapter 2. In addition, the starting pond elevation must be within
the range of elevations specified in the pond elevation versus surface area table. If the
starting pond elevation is below the minimum elevation, or above the maximurm elevation,
HEC-IFH adjusts the starting elevation up to the minimum or down to the maximum value
as appropriate and writes a warning message to the plan message file.

CSn 01.01.00 caLcol
Study ID RBEND2 LF’erforn Interior finalysis H
Perforn Pond Bouting fimalysis
Starting Pond Elevation (ft) 591.10
Mininum Head for Gravity Outlet Operation (ft) 0.10
Operate Pumps, Gravity Outlets Simultaneously? [Yes1 No
1Help Z2PrtScr 3 4 5 6D0S ? 8 9 10Exit
Press <F10> to Perform fmalysis

FIGURE 10.3 Pond Starting Conditions Screen

The Minimum Head for Gravity Outlet Operation specifies the minimum positive
differential head (interior minus exterior water surface elevation) necessary before the
gravity outlets will operate. Some levee systems close the gravity outlets when the exterior
water surface elevation rises to a level close to the interior water surface elevation. The
user may incorporate flap gates on gravity outlets which may require a small head
differential before the outlet will open. This input variable allows the HEC-IFH program to
model these conditions. Any value of zero (0) or greater may be entered.
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A "Yes No" menu is presented for Operate Pumps, Gravity Outlets Simultaneously? Use
the cursor keys to move from one selection to another, and press the space bar to make a
selection from this menu. If "No" is selected, then pumps and gravity outlets do not operate
simultaneously. In this case, the pumps are assumed to stop when the gravity outlets are
discharging. If "Yes" is selected, then the pumps and gravity outlets operate independently
according to their individual operating criteria and characteristics. In following these
operating criteria, they may be operating simultaneously at certain times during the
interior analysis.

After all of the interior pond routing parameters shown on Figure 10.3 are specified, press
the key to perform the interior analysis. The HEC-IFH program will analyze the upper

interior sub-basin, the lower interior sub-basin, the exterior basin, and perform the pond
routing computations. As discussed earlier in this chapter, the program will automatically
omit any or all of the sub-basin computations if no data values are entered for that sub-
basin, or if the sub-basin analysis has already been performed with the same input data.

The pond routing technique used in the HEC-IFH program consists of Runge-Kutta-
Fehlberg level pool routing. A fourth and firth order Runge-Kutta solution approximation
of the end-of-period pond elevation (based on beginning-of-period elevation, inflow, and
outflow and end-of-period inflow) is made. The technique incorporates an adaptive time
step based on the difference in these approximations. If the difference is greater than a set
tolerance, the approximations are rejected. The current computation time interval is sub-
divided, within a maximum and minimum range, based on the magnitude of the difference.
The approximations are then recomputed. This continues until the difference in the
approximations is within the tolerance. The fifth order estimate of the pond elevation for
the end of the current full or sub-divided time step is then accepted and the routing
continues from that point in time. An advantage in the technique is that the time interval
is broken down into finer steps only when necessary (when storage is changing rapidly).

The time required to perform the routing varies with length-of-period, the amount of time
that pond inflow is occurring during that period, and the time interval. A default minimum
pond surface area of one-tenth acre is used to eliminate potential instabilities near the
pond bottom. This has no effect on the analysis results and simply means that the pond
bottom is represented as being flat instead of pointed.

10.4. FREQUENCY ANALYSIS

If Option E is selected from the Interior Analysis Menu (Figure 10.2), a data entry screen
appears to allow the specification of starting conditions and control parameters for the
frequency analysis as well as the pond routing computations. Figure 10.4 illustrates this
data entry screen.

If Option D was not executed prior to Option E, then selecting Option E will cause the
HEC-IFH program to perform the interior pond routing analysis as well as the frequency
analysis. For this reason, the data entry screen shown in Figure 10.4 includes the same
interior pond routing parameters as the data entry screen for Option D (Figure 10.3). These
parameters are described in the previous section of this manual.

The remaining portions of this data entry screen control the HEC-IFH Frequency Analysis.

A simple menu is presented for Generate Annual Series or Partial Series? Use the cursor
keys to move from one selection to another, and press the space bar to make a selection
from this menu. If "Annual” is selected, then the frequency analysis will be performed
using the maximum interior storage values for each water year during the interior
analysis. If "Partial” is selected, then the frequency analysis will be performed using all of
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the interior storage values which meet the selection criteria determined by the following
two items of input data.

The Threshold Elevation for events and the Minimum days between events determine
what constitutes a flood "event” to be used in the partial series frequency analysis. When
the interior water surface elevation rises above the threshold elevation, the HEC-IFH
program compares the date of the occurrence with the date of the previous storm event
which also exceeded the threshold elevation. If the time span between the two occurrences
exceeds the specified minimum days between events, then the two occurrences are
considered to be separate flood events, and both of them are included in the partial series
frequency analysis. Otherwise, the highest of the two elevations is selected as the event.
The pond elevation must drop below the threshold elevation, stay there for at least the
specified minimum number of days between events, and subsequently rise above the
threshold elevation before a new event will be included in the partial duration series.

The threshold elevation for events is needed only when a partial series frequency analysis
is selected. It must be within the valid range of elevations described in Chapter 2. In
addition, the value entered must be within the range of elevations specified in the pond
elevation versus surface area table. If the threshold elevation is below the minimum
elevation, or above the maximum elevation, in that table, HEC-IFH writes an error message
to the error message file and does not perform a frequency analysis.

The minimum days between events must be greater than zero (0) and is based on
assumptions concerning the statistical independence of the events and the recovery period
between flood damage events.

The HEC-IFH program also checks the duration of the interior analysis. The reliability of
frequency estimates is low if the interior analysis includes less than ten complete water
years of data. The HEC-IFH program issues a warning message if this is the case.

CSa 01.01.00 CALCOZ
Study ID RBENDZ ﬂl’erfum Interior fMnalysis ﬂ
Perforn Frequency fnalysis (Plus Pond Routing as Needed)
For Neu Pond Routing fmalysis, ewter or change:
Starting Pond Elevation (ft) 591 .10
Mininum Head for Gravity Outlet Operation () 0.10
Operate Pumps, Gravity Outlets Simultaneously? [Yesl No
For Freguency fAnalysis, set:
Generate Annual Series or Partial Series?
For Partial Series:
Threshold Elevation for events (ft) 598.00
Minimum days betueen events ?
1Help ZPrtSer 3 4 5 6D0S 7 8 9 10Exit
Press <F10> to Perform fmalysis

FIGURE 10.4 Frequency Analysis Screen
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After all of the interior pond routing parameters shown on Figure 10.4 are specified, press
the key to perform the interior analysis. The HEC-IFH program will analyze the upper

interior sub-basin, the lower interior sub-basin, the exterior basin, perform the pond
routing computations, and complete the frequency analysis. As discussed earlier in this
chapter, the program will automatically omit any or all of the sub-basin computations if no
data values are entered for that sub-basin, or if the sub-basin analysis has already been
performed with the same input data. The pond routing analysis will also not be performed
if it has already been completed with the same input data.

10.5. INTERIOR ANALYSIS COMPUTATIONS

As the interior analysis computations are performed, the Interior Analysis Status Report
Screen (Figure 10.5) is displayed.

CSh 01.01.00 CALCO5
Study ID REBENDZ ﬂ Perforn Interior fnalysis ﬂ Begin 010CT1950.-0100
Plan ID  PLANP End 30SEP13560.,2400
% HH:MM:SS Estimated
Dowe Thus Far remaining
Upper Sub-Basin
Composite PRECIP
Losses: Runoff Hydrograph 160 0:19:55 0:00:00
AUXFLOU: Diversion: Chammel Routing 106 0:09:16 0:00:00
Louer Sub-Basin
Composite PRECIP
Losses; Runoff Hydrograph 100 0:20:00 0:00:00
AUXFLOW: Combine Upper Hydrograph 160 0:0?7:59 0:00:00
Exterior Basin
Conmposite PRECIP
Losses; Runoff Hydrograph
Stage
Pond
Routing 106 ©:38:32 0:00:00
Totals Pass 4/4: 160 ©:01:40 0:00:00
Frequencies Step 4 of 4: Plotting Position...
iHelp ZPrtSecr 3 4 5 6D0S 7 8 9 10Exit
sexx Amalysis Complete soxx Press <F10>

FIGURE 10.5 Interior Analysis Status Report Screen

This screen summarizes the progress of the interior analysis, including the following
twelve individual steps:

1. Upper Sub-Basin Composite Precipitation Computation

Upper Sub-Basin Losses and Runoff Hydrograph Computation

Upper Sub-Basin Auxiliary Inflow, Diversion, and Channel Routing Computation
Lower Sub-Basin Composite Precipitation Computation

Lower Sub-Basin Losses and Runoff Hydrograph Computation

Lower Sub-Basin Auxiliary Inflows and Upper Hydrograph Combination

Exterior Sub-Basin Composite Precipitation Computation

Exterior Sub-Basin Losses and Runoff Hydrograph Computation

© N o oA 0N
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9. Exterior Sub-Basin Stage Hydrograph Computation
10. Interior Pond Routing Computation

11. Interior Pond Total Values Computation

12. Interior Pond Frequency Analysis

During each of thesel2 steps, the HEC-IFH program reports the progress in three
columns:

% Dome: The approximate percentage of the present step which is completed. This value is
updated only at convenient points within the computations, so screen updates are
irregular.

HH:MM:SS Thus Far: The elapsed clock time since the beginning of the present step. This
does not include the time spent changing from the previous step to the present step. This
time is expressed in hours, minutes, and seconds. For example, a value of 1:13:34 would
represent an elapsed time of 1 hour, 13 minutes, and 34 seconds. This value is updated
only at convenient points within the computations, so screen updates are irregular.

Estimated Remaining: The approximate clock time remaining for the present step. This
value is computed using the elapsed time thus far and the percentage done. This may lead
to fluctuations in the estimated remaining time, especially during the early portions of
computations for a particular step. This fluctuation is normal. The estimated remaining
time generally stabilizes and decreases regularly as each step in the computation
continues.

The HEC-IFH program checks input data values even during the interior analysis. The
purpose of this checking is to identify numerical instability problems, and assessing
whether a sufficient range of values has been entered for various input data tables. For
each table whose maximum value is exceeded, the program generates a warning message
that is written to a file which may be viewed (see Appendix F). The following tables are
checked:

1. Modified Puls Routing Table: If this table is exceeded, then channel routing
computations may be incorrect.

2. Pond Elevation versus Surface Area Table: If this table is exceeded, then pond
routing computations may be incorrect.

3. Gravity Outlet Rating Table: If this table is exceeded, then gravity discharge
values may be incorrect.

4. Main River Transfer Relationship: If this table is exceeded, then exterior stage
computations may be incorrect.

5. Tributary Transfer Relationship: If this table is exceeded, then exterior stage
computations may be incorrect.

6. Diversion Table for Upper Sub-Basin: If this table is exceeded, then diversion flow
rate computations may be incorrect.

7. Overflow Table for Lower Sub-Basin: If this table is exceeded, then overflow rate
computations may be incorrect.

8. Seepage Table for Interior Pond: If this table is exceeded, then seepage inflow rate
computations may be incorrect.

In addition, the program checks for negative flow rates generated during channel routing
computations. Negative flow rates are set to zero (0), and a warning message is issued.
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10.6. PERFORMING INTERIOR ANALYSIS IN BATCH MODE

As mentioned in Chapter 2, interior analysis may also be performed in batch mode. Using
batch mode, a single command from the operating system initiates program operations and
performs interior analysis computations using data already entered using the program's
interactive mode of operation. By using batch mode, the HEC-IFH user can enter the data
necessary for several analyses, then create a batch file containing the commands
necessary to perform the computations for each analysis. Under the control of the batch
file, the program can then perform the computations for all analyses without further user
intervention. These computations can be performed during a lunch break, overnight, or
even over a weekend, depending upon the complexity and length of the analysis.

10.6.1. Basic Batch Mode Operations

Plan analysis in batch mode is accomplished by editing a DOS batch file to include
separate command lines for each plan analysis. The batch file can have any legal DOS file
name such as RUNIFH.BAT. An example batch file to perform an interior analysis, up to
and including frequency analysis, using Plan 1 and Plan 2 of the Big Creek study would
include the following lines:

HECIFH STUDYID=BIGCREEK PLANID=PLAN1 TYPE=E
HECIFH STUDHID=BIGCREEK PLANID=PLAN2 TYPE=E

"STUDYID=", "PLANID=", and "TYPE=" are keywords that must be included in the command
line. Study ID and Plan ID are study and plan names representing complete data sets that
have previously been defined using the HEC-IFH interactive data entry operations. Type is
the letter of the analysis option as described and illustrated in Figure 10.2. As the figure
indicates, option "E" of the menu generates a complete interior analysis, including
frequency analysis.

10.6.2. Optional Batch Mode Features

Other optional features are available in batch mode to provide further documentation of
interior analysis results. These optional features are controlled through the use of the
following command line parameters:

e PRINTE: Print status screen (Figure 10.5) after analysis is complete. (Note: the sytem
must have a printer on-line and ready to print when this option is selected.)

¢ TIME: Display the computation step start times on the interior analysis report screen
(Figure 10.5).

e DTs: Display the date-time stamp in the upper right-hand corner of the screen.

An example batch file to analyze Plans A and B of the Basin 1 study, through and
including pond routing (no frequency analysis}, and to produce a printed copy of the
status report screen for each plan analysis, showing the starting time for each
computation step and the date and time of execution, would include the following lines:

HECIFH TIME DTS PRINTB STUDYID=BASINl PLANID=PLANA TYPE=D
HECIFH TIME DTS PRINTB STUDYID=BASIN1l PLANID=PLANB TYPE=D
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CHAPTER 11.
CSA Hydrologic Analysis Summaries

11.1. INTRODUCTION
The HEC-IFH program includes very extensive reporting capabilities, including:

+ Hydrologic Analysis Summaries, which report the results of one analysis (one plan)

* Plan Comparison Summaries, which report the results of several selected analyses
{plans).

This chapter describes the Hydrologic Analysis Summaries which are available for

Continuous Simulation Analysis. Chapter 12 deals with the Hydrologic Analysis Summaries

available for Hypothetical Event Analysis. Chapter 13 describes Plan Comparison

Summaries.

Different Hydrologic Analysis Summaries are available for Continuous Simulations and
Hypothetical Event Analyses. Table 11.Error! Bookmark not defined. lists the Hydrologic
Analysis Summaries which contain particular types of output available for each method of
analysis.

TABLE 11.1 Overview of HEC-IFH Hydrologic Analysis Summaries

Type of Output Continuous Simulation Analysis Hypothetical Event Analysis
Input Data Analysis Input Summaries Analysis Input Summaries
Detailed Output Calculation Period Summaries Analysis by Events
Monthly Totals/Averages Monthly Summaries —

Annual Totals/Averages  Water Year Annual Summaries —

Summary of All Results Analysis Record Summaries Event Comparisons
Error Messages Analysis Error Messages Analysis Error Messages

Note: See Chapter 12 for details on Hypothetical Event Analysis summaries

11.2. HEC-IFH NUMERIC DISPLAY FORMATS

All HEC-IFH summaries are displayed using tables formed by horizontal and vertical lines.
Numeric output values displayed in such tables are generally limited to a fixed number of
digits and a fixed decimal point location. The total number of digits and the position of the
decimal point for each output value have been carefully selected to display a very wide
range of values. However, the values may occasionally overflow the number of digits
available. In such cases, HEC-IFH automatically modifies the display format to provide
appropriate values within the space available, rather than simply printing the
uninformative "***** *" yalue which is the FORTRAN default output.

For example, assume that a particular summary displays peak runoff rate to the nearest
0.1 unit using seven total characters. The highest peak runoff rate which could normally be
displayed in such a summary would be 99999.9 units. However, if a peak runoff rate of
4,189,876 units is computed, HEC-IFH automatically eliminates the decimal point and the
digit right of the decimal point, and 4189876 is displayed as a seven-digit integer.

HEC-IFH will automatically use exponential notation to display output values which are too
large for display even as integers. For example, if the computed runoff rate in the example
above were 13,894,176 units, it could not be displayed in seven total characters, even as an
integer. In such a case, HEC-IFH would automatically display the value as 13894E3, which
is 13,894 times 103, or 13,894,000.
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11.3. SELECTION OF CSA HYDROLOGIC ANALYSIS SUMMARIES

Figure 11.1 illustrates the screen used to select the Plan ID for the Hydrologic Analysis
Summaries. In order for a Hydrologic Analysis Summary to be generated, the plan

computations must have already been completed. The Index key may be used to

display a list of valid Plan IDs. When a Plan ID is specified, the corresponding Plan
Description is displayed for verification.

C3SAa 01.01.00 MCC+

Study ID RBENDZ ﬂ Hydrologic finalysis Summaries "

Plan ID

Description 4x4 Box culv. with 200-cfs pump. PARTIAL

1Help ZPrtScr 3Index 4 5 6D05 ? 8 3 10Exit
Press <F10> to Proceed to the Menu

FIGURE 11.1 Continuous Simulation Hydrologic Analysis Summaries Master Screen

Twenty-three (23) different Hydrologic Analysis Summary reports are available for
Continuous Simulation Analysis. These reports are divided into six categories:

1. Analysis Input Summaries, which describe the input data for a plan analysis:

2. Calculation Period Summaries, which list and summarize the results of the
analysis for each calculation period during the entire analysis.

3. Monthly Summaries, which summarize the result of the analysis for each calendar
month during the analysis.

4. Water Year Annual Summaries, which summarize the results of the analysis for
each water year (October through September) during the analysis.

5. Analysis Record Summaries, which summarize and total the results of the
analysis for the entire duration of the analysis.

6, Analysis Error Messages, which lists the error messages generated during the
analysis.

Figure 11.2 illustrates the menu screen which is used to select the Hydrologic Analysis
Summaries for display or printing. Some of the Hydrologic Analysis Summaries are only
long enough to fill 1 or 2 computer screens or printed pages. Others, however, can be
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extremely long. For example, a Calculation Period Summary listing the results of an
analysis of 50 years of hourly data would require over 8,000 printed pages! For this
reason, HEC-IFH displays the number of printed pages required for all Calculation Period

Sumrnaries, on the "pop-up” window which appears when the user presses the Report
key.

CSh 01.01.00 MCC
Study ID RBENDZ ﬂ Huydroleogic fnalysis Summaries ] Begin ©10CT1950,0160
Plan ID PLANP End 303EP1966,2400
finalysis Input Summaries Uater Year Annual Summaries

N. Rainfall-Runoff Data

B. Rainfall-Runoff Summary 0. Interior/Exterior/Pump Data

C. Gravity ODutlet Data P. Maximum Area Flooded

D. Pump Station Data
Calculation Period Summaries fimalysis Record Summaries

E. Bainfall-Runoff Data Q. Maximum Values

F. Interior/Exterior Data R. Inflous and Outflous

G. Detailed Inflow Data S. Exceedance Duration Table

H. Detailed Outflow Data T. Plotting Position Table

I. Detailed Grav. Dutflou Data U. Stage-Frequency Table

J. fArea Flooded Data V. Pump Operation
Monthly Summaries finalysis Error Messages

K. Average Monthly Rainfall U. List Uarning/Error Messages

L. Interior/Exterior Data

M. Pump Operation
iHelp  2PrtScr 3 4 5 6D0S ? 8 9 10Exit

Press Letter: or use Arrow Keys and <Enter> to Select

FIGURE 11.2 Menu of Continuous Simulation Hydrologic Analysis Summaries
11.4. CONTINUOUS SIMULATION ANALYSIS INPUT SUMMARIES

There are four Analysis Input Summaries which describe the input data for a
Continuous Simulation plan analysis:

1. Data Management Summary: A brief overview of the input data used for a
particular analysis.

2. Rainfall-Runoff Summary: A brief summary of the rainfall and runoff data used for
each of the sub-basins used in the analysis.

3. Gravity Outlet Data: An overview of the gravity outlets, including the type (BOX,
PIPE, TABLE), Size, Number, Invert Elevations, Length, Slope, and Gate Closure
elevations. Each screen refers to a different location (PRIMARY, SECONDARY 1,
SECONDARY 2, SECONDARY 3, SECONDARY 4J, and includes the stream station
at that location.

4. Pump Station Data: An overview of the pump outlets, including the pump unit ID,
capacity, start and stop elevations, and the maximum static head on the pump.

Figure 11.3 illustrates the Continuous Simulation Analysis Data Management Summary,
which includes the following data values for the specified plan:

e Date of Execution: The date on which the plan analysis was performed.
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Module ID: The module ID for the following data sets: Basin Average Precipitation
(PRECIP), Runoff Hydrograph Parameters (RUNOFF), Interior Pond (POND), Gravity
Outlets (GRAVITY), Pump Data (PUMP), Exterior Stage (EXSTAGE), and Auxiliary
Flow (AUXFLOW).

Description: The 40-character description for each of the input data modules
(PRECIP, RUNOFF, POND, GRAVITY, PUMP, EXSTAGE, and AUXFLOW).

CSa 01.01.00 SumMmoe3
Study ID RBENDZ HVHydrologic Analysis Summaries H Begin 610CT1956,0100
Plan ID PLANP End 36SEP1960,2400
A. Analysis Input Summaries - Data Management Summary
Date of Execution Z9FEB1992,0726
Module
Module ID Description
Basin Average Precipitation [JPRECIP1 |Precip. data for fipp. C.

Runoff Hydrograph Parameters|RUNOFF1 |Runoff data for fpp. C. example.

Interior Pond INTPOND1} Interior pond module data for fipp. C.
Gravity Outlets DUTLET1 |1 — 4x4 box at the primary location.
Pump Data PUMPMOD1 [Punp module for App. C example.
Exterior Stage EXSTAGE |Exterior stage data for App. € example.
Auxiliary Flow

1Help  2PrtScr 3 4 5 6D0S 7 8 9 10Exit
Press <F10> to Return
FIGURE 11.3 CSA Data Management Summary
Figure 11.4 illustrates the Continuous Simulation Analysis Rainfall-Runoff Input

Summary, which includes the following data values for the specified plan:

PRECIP Module ID and Description: The module ID and 40-character description
for the Basin Average Precipitation (PRECIP) data set. (See Chapter 3.)

RUNOFF Module ID and Description: The module ID and 40-character description
for the Runoff Hydrograph Parameters (RUNOFF) data set (See Chapter 4].

Rainfall Station ID: The identifier for the individual rainfall station or composite
rainfall record used for each sub-basin. (See Chapter 3.)

Source of Record: The method used to record or compute the rainfall data used for
each sub-basin. (See Chapter 3.)

Basin ID: The identifier for the set of basin runoff parameters used for each sub-
basin which was included in the analysis. (See Chapter 4.)

Loss Rate Method: The computational method used to estimate the infiltration and
other losses for each sub-basin included in the analysis. The following Loss Rate
Methods are available: INITIAL-UNIFORM-RE (Initial and Uniform with Recovery),
GEN-RUNOFF-COEF (Generalized Runoff Coefficients), NO LOSSES. (See Chapter
4)
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e Unit Hydrograph Method: The method used to compute or otherwise provide the
unit hydrograph for each sub-basin included in the analysis. Four Unit Hydrograph
Methods are available: CLARK, SNYDER, SCS, and ENTER. (See Chapter 4.)

e Channel Routing ID: The identifier for the set of channel routing data used for
routing the upper sub-basin hydrograph to the interior ponding area. The Channel
Routing ID is applicable to the upper sub-basin only.

¢ Channel Routing Method: The computational method used to route the upper
sub-basin hydrograph to the interior ponding area. The Channel Routing Method is
applicable to the upper sub-basin only. The following Channel Routing Methods are
available: MODIFIED PULS, MUSKINGUM, LAG, and NONE. (See Chapter 4.)

PRECIP Module ID: PRECIP1
RUNOFF Module IB: RUNOFF1

B. malysis Input Summaries - Rainfall-Runoff Summary

Precip. data for App. C.
Runoff data for App. C. example.

C3Sa 01.01.006 sSummo4
Study ID RBENDZ2 ﬂ Hydrologic Analysis Summaries ] Begin 010CT1950,01006
Plan ID  PLANP End 30SEP1960/2400

Loss BRate Method

INIT-UNIFORM-RE

Unit Hydrograph Method|] SCS

Louer Upper Exterior
Sub—-Basin Sub-Basin Basin
Rainfall Station ID GAGEZ UPPER UPPER
Source of Record ENTER- IMPORT COMPOSITE COMPOSITE
Basin ID LOWER UPPER LIPPER

INIT-UNIFORM-RE
3CS

INIT-UNIFORM-RE
3C3

Channel Routing ID

ROUTE1

MUSKINGUM

Channel Routing Method

1Help

ZPrtScr 3
Press <F10> to Return

FIGURE 11.4 CSA Rainfall-Runoff Input Summary

Figure 11.5 illustrates one of the Continuous Simulation Analysis Gravity Outlet Data
summaries, which includes the following data values for the specified plan:

e Outlet Location: The location of all of the gravity outlets (up to five) on the current
screen. The Primary outlet location is always the first to be displayed. The
Secondary 1, Secondary 2, Secondary 3, and Secondary 4 outlet locations may be
displayed, one at a time, by pressing the or keys. Pressing the key

displays the data for the previous outlet location.

¢ River/Levee Station: The relative location of the outlet structure with respect to
distance along the receiving strearmn or line or protection. This station is used only
as a reference for those using HEC-IFH or viewing HEC-IFH results. It is not used
by the HEC-IFH program for any computations.

e Outlet ID: The identifiers for each of the gravity outlets at the current outlet
location.
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Outlet Type: The type of each of the gravity outlets at the current outlet location.
The Outlet Type is BOX or CIRCULAR for computed gravity outlet rating tables. For
gravity outlet rating tables entered by the user, the program displays the first 8
characters of the description for the Outlet Type.

Opening Size: The total cross-sectional area of each of the gravity outlets at the
current outlet location. This is computed from the outlet dimensions for box or
circular culverts, and is given by the user for user-specified gravity outlet rating
tables. Since each gravity outlet may actually represent multiple instances of
identical structures, the opening size may be much greater than the cross-sectional
area of a single structure.

No. of Identical Outlets: The number of multiple instances of identical structures
at each of the gravity outlets at the current outlet location.

Interior Invert Elev.: The interior (land side) minimum elevation of each of the
gravity outlets at the current outlet location.

Exterior Invert Elev.: The exterior (river side) minimum elevation of each of the
gravity outlets at the current outlet location.

Length of Outlet: The center-line length of the culvert.

Slope of Outlet: The slope of each of the gravity outlets at the current location, as
computed using the exterior and interior invert elevations and the length of the
outlet.

Exterior Elev. for Gate Closure: The exterior elevation at which gravity flows
through the line of protection are assumed to cease (gravity outlet is closed), for
each of the gravity outlets at the current outlet location.

CSA 01.01.00 SuMMes
Study ID RBENDZ ﬂ Hydrologic Analysis Summaries ] Begin 010CT1950-6100
Plan 1D  PLANP End 30SEP1966,2460

C. Analysis Input Summaries - Grawvity Outlet Data

No. of Identical Butlets 1
Interior Invert Elev. (ft) 591.00
Exterior Invert Elev. (ft)] 589.00
Length of Outlet (ft) 260.00
Slope of Dutlet (ft ft) 0.91000
Exterior Elev. for Gate

Closure (ft) 605.00

Outlet Location: Primary
River/Levee Station (mil: 0.00
Outlet ID 4X4BOX
Outlet Type Box
Opening Size (sqft) 16.00

1Help  Z2PrtScr 3 4

5

6D0S ? 8
Press <PgDn>, <PgUp> or <F10> for other locations: <Esc> to Return

3 10Exit

FIGURE 11.5 CSA Gravity Outlet Data Summary
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See Chapter 6 for further details on the information displayed on the Gravity Outlet Data
Summary.

Figure 11.6 illustrates the Continuous Simulation Pump Station Data summary, which
includes the following data values for the specified plan:

e PUMP Module ID and Description: The module ID and 40-character description
for the Pump Data (PUMP) data set.

e Pump Unit ID: The identifier for each of the pumping units included in the
analysis.

¢ Maximum Capacity: The total maximum capacity of each of the pumping units
included in the analysis. The maximum capacity of each pumping unit is the first
capacity value entered in the pump head versus capacity table for the pumping
unit.

¢ Pump Start Elevation: The pump start elevation entered for each of the pumping
units available for the analysis.

e Pump Stop Elevation: The pump stop elevation entered for each of the pumping
unit modelled in the analysis.

e Maximum Total Head: The highest total head value entered in the total head
versus capacity table for each of the pumping units available for the analysis.

CSA 91.01.00 SuMMe6
Study ID REEND2 [ Hydrologic Analysis Summaries ﬂ Begin 010CT1950,0100
Plan ID PLANP End 30SEP1960/2400
D. Analysis Input Summaries — Pump Station Data
PUMP Module ID PUMPMOD1 Pump module for App. C example.
Maxinum |Pump Start|Pump Stop | Maximum
Punp Pump Capacity |Elevation |Elevation Total
Number || Unit ID (cfs) art) ft) Head (ft)

1 PUMP1 260.0 600.060 598.00 36.00

2

3

4

5

6

?

8

9

16
iHelp ZPrtScr 3 4 5 6D0S ? 8 9 10Exit

Press <F16> to Return

FIGURE 11.6 CSA Pump Station Dala Summary
11.5. CONTINUOUS SIMULATION CALCULATION PERIOD SUMMARIES

There are six Calculation Period Summaries which list and summarize the results of the
analysis for each calculation period during the entire analysis. Users may move through
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these summaries a line or a screen at a time, or use the Goto key to move to a specific
time value.

1.

Rainfall-Runoff Data: The Precipitation Depths, Losses, and Runoff Rate for each
of the three sub-basins for each time period during the analysis.

Interior/Exterior Data: The Interior and Exterior water surface elevations, the
head (the difference between the interior and exterior elevations), and the total
inflow into the interior storage pond. The total gravity outflow rate, the total pump
outflow rate, and the total outflow rate from all sources is also listed for each time
period during the analysis.

Detailed Inflow Data: The inflow rate to the interior storage pond for each time
period during the analysis. The routed inflows from the upper sub-basin, direct
runoff from the lower sub-basin, seepage inflows, and lower sub-basin auxiliary
inflows are each listed.

Detailed Outflow Data: The outflow rate from the interior basin for each time
period during the analysis. The total outflows from all gravity outlets, the total
outflows from all pump outlets, the diversion, and overflow outflows are all listed.

Detailed Gravity Outflow: The outflow rate from each of the five gravity outlet
locations, along with the total gravity outflows, for each time period during the
analysis.

Area Flooded Data: The exterior and interior water surface elevations, the interior
surface area flooded, and the pond storage volume at each time period during the
analysis.

Figure 11.7 illustrates the Rainfall-Runoff Data Calculation Period Summary, which
includes the following data values for the specified plan:

Date/Time: The date and time at the end of each computation interval during the
analysis.

Precip: The incremental precipitation values for each computation interval, for
each of the sub-basins used in the analysis.

Losses: The incremental precipitation loss values for each computation interval, for
each of the sub-basins used in the analysis. These values are computed using the
infiltration loss rate method specified for each sub-basin.

Runoff: The runoff rate at the end of each computation interval, for each of the
sub-basins used in the analysis. These values are computed using the incremental
rainfall excess values (precipitation minus losses) and the unit hydrograph for each
sub-basin.

Pressing the [F4] Goto key instructs HEC-IFH to move directly to any specified time interval
in the analysis. Pressing the [F5] Report key causes the summary to be printed.

The [F9] Plot key causes the HEC-IFH program to display a menu of available plots, as

Figure 11.7 illustrates. Three different plots are available: one for each of the sub-basins.
Figure 11.8 illustrates one of these plots. As shown, the rainfall and loss values are plotted
down from the upper edge of the plot according to the "Depth" axis on the right. The runoff
values are plotted up from the lower edge of the plot according to the "Discharge” axis on
the left. On a computer monitor with color display capabilities, each line is displayed using
a different color.
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If data values for more than one full year are available, the first plot displays annual total
rainfall and maximum runoff rates, as shown in Figure 11.8. Pressing the down-arrow key
"zooms" to a one-year plot of daily rainfall-runoff, as shown in Figure 11.9. Pressing the
down-arrow key again zooms to a one-month plot of actual rainfall-runoff values (Figure
11.10). Pressing the down-arrow key while viewing the one-month plot zooms to a one-day
plot, as shown in Figure 11.11. From the one-year, one-month, or one-day plots, the left-
arrow and right-arrow keys "pan” to plots of different years, months, or days, if available.
The zoom and pan plot options are described in Chapter 2.

CSA 01.01.00
Study ID RBENDZ

ﬂ Hydrologic finalysis Summaries [I

Plan ID PLANP

E. Calculation Period Summaries — Rainfall-Runoff Data

SumMMo?
Begin 010CT1950,0100
End 30SEP1960/2460

Lower Sub-Basin

Upper Sub-Basin

Exterior Basin

C. Plot Exterior Sub-Basin Rainfall-Runoff

DatesTime Precip|Losses |RBunoff [[Precip |Losses |Runof f [[Precip|Losses |Runof £
DaMonYear HrMn|l C(in) (in) |(cfs) (in) (in) |(cfs) {in) (in) |(cfs)
100CT19540100) 1.13] 0.02 0.20] 0.02] 2057|| ©0.20] ©.60 0
100CT19540260) ©.38] 0.62 6.14| 0.02] 1949|| ©0.14] ©6.00 0
100CT1954-0300F ©.28] 0.02 0.14] 0.62] 1698 0.14] 0.00 0
100CT1954-6400) ©.12] 0.62 0.22] 0.02]| 1388f 0.22| ©.06 (0]
100CT1954-0500f| 0.23] 0.02 0.23| ©.02] 1202f 0.29] 0.06 0
100CT1954/0600|| ©6.17] ©.02 0.22] 0.62] 1166| 0.22] ©.00 0
100CT1954-0700) ©.22] 6.62 8.16| 0. 1052} 0.16] ©.06 0

997 0.61] ©.00 0

Select Option: 905 0.63] 0.00 (0]
781} ©0.18] 0.00 8

661) ©0.14| ©.00 0
B. Plot Upper Sub-Basin Rainfall-Runoff 575 0.03] ©.00 0]

Position with <PgDn>, <Pglp>, <Dmn>, <Up>, <Home>, <End> or <F4>

FIGURE 11.7 Cadilculdtion Period Summary of Rainfall-Runoff Data
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Figure 11.12 illustrates the Interior-Exterior Data calculation period summary, which
includes the following data values for the specified plan:

Date/Time: The date and time at the end of each computation interval during the
analysis.

Interior Elev.: The computed water surface elevation in the interior ponding area
at the end of each computation interval during the analysis.

Exterior Elev.: The water surface elevation in the exterior channel at the end of
each computation interval during the analysis.

Head: The computed differential head between the water surface elevations in the
interior ponding area and the exterior channel, at the end of each computation
interval during the analysis. The differential head is positive when the interior
elevation is higher.

Total Inflow: The total computed rate of inflow into the interior ponding area at the
end of each computation interval during the analysis. The total inflow includes the
direct runoff from the lower sub-basin, the routed flows from the upper sub-basin,
the lower basin auxiliary inflow hydrograph, and any seepage inflow computed by
the analysis.

Gravity Outflow: The total computed rate of outflow from all gravity outlets at the
end of each computation interval during the analysis.

Pump Outflow: The total computed rate of discharge from all pumping units at the
end of each computation interval during the analysis.

Total Outflow: The total computed rate of outflow from the interior ponding area at
the end of each computation interval during the analysis. The total outflow
includes gravity outflow, pump outflow, and overflows. Diversion outflow is not
included, because it does not originate from the interior ponding area.

Pressing the [F4] Goto key instructs HEC-IFH to move directly to any specified time interval
in the time series. Pressing the [F5] Report key causes the summary to be printed.

The [Fo] Plot key causes the HEC-IFH program to display a menu of available plots, as
Figure 11.12 illustrates. Four different series of plots are available:

1.
2.
3.
4.

Interior and Exterior Elevations, as illustrated in Figures 11.13 and 11.14.
Differential Head, as illustrated in Figures 11.15 and 11.16.

Total Inflow and Total Outflow, as illustrated in Figures 11.17 and 11.18.
Gravity and Pump Outflow, as illustrated in Figures 11.19 and 11.20.

If data values for more than one full year are available, the first plot displays maximum
annual values. Pressing the down-arrow key "zooms™ to a one-year plot of daily totals, as
shown in Figure 11.13, Pressing the down-arrow key again zooms to a one-month plot of
actual values, as shown in Figure 11.14, and then finally to a one-day plot of actual
values. From the one-year, one-month, or one-year plots, the left-arrow and right-arrow
keys "pan" to plots of different years, months, or days, if available. The zoom and pan plot
options are described in Chapter 2. On a computer monitor with color display capabilities,
each curve is displayed using a different color.
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CSA 01.01.00 sumMMes
Study ID RBENDZ [ Hydrologic finalysis Summaries H Begin 010CT1956,6160
Plan ID PLANP End 39SEP1968./2400
F. Calculation Period Summaries - Interior/Exterior Data
Interior |Exterior Total || Gravity] Pump |[» Total
Date/Time Elev. Eleu. Head Inflow || Outflow| Outflow| Outflow
DaMonYear HrMnj| (ft) (ft) rt) (cfs) (cfs) (cfs) {cfs)
100CT1954-01006)f 594.86] 582.65 641.5 84.6 0.0 84.6
100CT1954.0200|1 595.63] 583.63 1194.9 109.0 6.0 109.0
100CT1954-0300)] 596.52| 584.61 1961.9 124.5 0.0 124.5
100CT1954-0400)1 597.42] 585.59 2623 .4 145.7 0.0 145.7
100CT1954-0560(f 598.24| 586.57 2980.2 163.5 0.9 163.5
100CT1954,06600|] 598.91] 587.55 3000.4 176.6 0.9 176.6
100CT1954-6700|] 599.44| 588.53 .2 186.3 0.0 186.3
2 193.6 0.0 193.6
Select Option: .9 193.0 199.3 398.4
.0 202.7 199.3 402.0
1 205.4] 199.3| 404.7
B. Plot Differential Head 207 .6 199.3 406.9

C. Plot Total Inflow and Total Outflow
D. Plot Gravity and Pump Outf lou

Position with <PgDn>, <Pglp>, <Dn>, <Up>, <Home>, <End> or <F4>

FIGURE 11.12 Calculation Period Summary of Interior/Exterior Data
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FIGURE 11.13 One-Year Plot of Daily Maximum Elevations
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FIGURE 11.14 Plot of Interior and Exterior Elevations
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FIGURE 11.15 One-Year Plot of Daily Maximum Differential Head
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FIGURE 11.16 Plot of Differential Head
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FIGURE 11.17 One-Year Plot of Daily Maximum Inflows and Outflows




CHAPTER 11: CSA Hydrologic Analysis Summaries Interior Flood Hydrology (HEC-IFH) User's Manual

INFLOW AND OUTFLOW
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FIGURE 11.18 Plot of Inflows and Oulflows
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FIGURE 11.19 One-Year Piot of Daily Maximum Outflows
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Flow Rate (cfs)

458 T T T T T T

400 -

358 -

308

258 -

200

158 -

1868

OBTFLOW
REBEND2 PLANP
—GRAVITY ___ PUMP —  TOTAL

S50 -

t 1 I [ L
18 1S 206 25 31

October 1954

FIGURE 11.20 Plot of Outflows

Figure 11.21 illustrates the Continuous Simulation Detailed Inflow summary, which
includes the following data values for the specified plan:

Date/Time: The date and time at the end of each time interval during the analysis.

Upper Routed: The computed flow rates of the hydrograph routed from the upper
sub-basin at the end of each computation interval. See Chapter 4. These values are
available after performing at least selection B of the Perform Interior Analysis menu
(See Chapter 10).

Lower Runoff: The computed flow rates of the runoff hydrograph from the lower
sub-basin at the end of each computation interval. Chapter 4 provides further
details. These values are available after performing at least selection B of the
Perform Interior Analysis menu (See Chapter 10).

Auxiliary: The flow rates of the entered or imported auxiliary inflow hydrograph at
the interior ponding area at the end of each computation interval. See Chapter 9.
These values are available after performing at least selection B of the Perform
Interior Analysis menu (See Chapter 10).

Interior Inflow: The sum of the Routed, Runoff, and Auxiliary flow rates at the
interior ponding area at the end of each computation interval. See Chapter 9. These
values are available after performing at least selection B of the Perform Interior
Analysis menu (See Chapter 10).

Seepage: The total computed rate of seepage inflow into the interior ponding area
at the end of each computation interval. Seepage is described in Chapter 9. These
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values are available only after performing at least selection D of the Perform Interior
Analysis menu (See Chapter 10).

e Total: The total computed rate of inflow to the interior ponding area at the end of
each computation interval. The interior inflow includes the direct runoff from the
lower sub-basin, the routed flows from the upper sub-basin, auxiliary inflows, and
seepage inflow, if applicable. These values are available only after performing at
least selection D of the Perform Interior Analysis menu (See Chapter 10).

Pressing the [F4] Goto key instructs HEC-IFH to move directly to any specified time interval
in the time series. Pressing the Report key causes the summary to be printed.

CSh 01.01.00 SumMmo9
Study ID RBENDZ " Hydrologic Analysis Sumnaries ﬂ Begin 010CT1950,0100
Plan ID PLANP End 30SEP1960/2400

G. Calculation Period Summaries - Detailed Inflow Data

Inflouw (cfs)
Date/Time Upper Lower Interior

DaMonYear/HrMn|] Routed | Runoff |Auxiliary] Inflou Seepage“ Total

100CT1954/0100 163.0 478.6 0.0 641.5 0.0 641.5
100CT1954/0260 437.8 ?57.1 0.0} 1194.9 0.0 119%4.9
100CT1954-0300 889.8] 19072.1 90.0] 1961.9 0.0 1961.9
1600CT1954,0400)f 1409.3| 1214.2 0.9| 2623.4 0.0 2623.4
160CT1954-0500) 1793.9| 1186.3 6.0] 2980.2 0.6} 2980.2
160CT1954-0660|| 1941.6| 1059.4 6.0] 3000.4 0.0] 3000.4
160CT195407060) 1873.9 894.3 0.6] 2v68.2 0.0) 2Z?768.2
160CT1954-0800f 1670.1 ?68.1 0.6] 2438.2 0.0)] 2438.2
160CT1954-0906] 1427.5 654.3 0.0 20681.9 0.0} 2081.9
160CT1954/1606f 1243.2 523.8 0.0] 1767.0 9.6} 1767.0
160CT1954-1160| 1128.9 397.1 8.0] 1526.1 8.0y 1526.1
160CT1954-1200|] 1654.5 295.5] 0.6] 1350.0 8.8]| 1350.0

1Help ZPrtScr 3 4Goto  SReport 6D0S ? 8 9Plot 10Exit

Position with <PgDn>, <Pglp>, <Dn>, <Up>, <Home>, <End> or <F4>
FIGURE 11.21 Calculation Period Summary of Detailed Inflow Data

The [Fg] Plot key causes the HEC-IFH program to display a plot of inflows. If data values for

more than one full year are available, the first plot displays maximum annual values.
Pressing the down-arrow key "zooms" to a one-year plot of daily totals, as shown in Figure
11.22. Pressing the down-arrow key again zooms to a one-month plot of actual values, as
shown in Figure 11.23. From the one-month plot, pressing the down-arrow again zooms to
a one-day plot of actual values. From the one-year, one-month, or one-day plots, the left-
arrow and right-arrow keys "pan” to plots of different years, months, or days, if available.
On a color monitor, each line is displayed using a different color.
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FIGURE 11.22 One-Year Plot of Detailed Daily Maximum Inflows
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FIGURE 11.23 One-Month Plot of Detdiled Inflows
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Figure 11.24 illustrates the Continuous Simulation Detailed Outflow summary, which
includes the following data values for the specified plan:

¢ Date/Time: The date and time at the end of each computation interval during the
analysis.

e Total Gravity: The total computed rate of outflow from all gravity outlets at the end
of each computation interval during the analysis. See Chapter 6.

e Pump: The total computed rate of discharge from all pumping units at the end of
each computation interval during the analysis. See Chapter 7.

e Diversion: The computed rate of discharge from diversion at the end of each
computation interval during the analysis. Diversions are assumed to apply to the
upper interior sub-basin, so diversion outflows are not directly comparable to other
outflows, which apply to the interior ponding area, located in the lower interior
sub-basin. See Chapter 9 for further details.

¢ Overflow: The computed rate of overflow from the interior ponding area at the end
of each computation interval during the analysis. See Chapter 9.

e Total Outflow: The total computed rate of outflow from the interior ponding area at
the end of each computation interval during the analysis. The total outflow
includes gravity outflow, pump outflow, and overflows. Diversion outflow is not
included, because it does not originate from the interior ponding area.

Pressing the [F4] Goto key instructs HEC-IFH to move directly to any specified time interval
in the time series. Pressing the Report key causes the summary to be printed.

CSa 01.01.00 SuMM10
Study ID RBENDZ2 ﬂ Hydrologic fAnalysis Summariesﬂ Begin 010CT19568,0100
Plan ID PLANP End 30SEP1360.,2400

H. Calculation Period Summaries — Detailed Dutflou Data

Outflouw (cfs)
DatesTime Total

DaMonYear/HrMn|| Gravity Pump |[Diversion} Overflouw] > Total

100CT1954,0100 84.6 0.0 0.0 0.0 84.6
100CT1954,0200 109.0 0.0 0.0 0.9 109.9
100CT1954/0360 124.5 0.0 0.0 0.0 124.5
100CT1954,0400 145.7 0.6 0.0 0.0 145.7?
100CT1954,/0560 163.5 6.0 0.0 0.0 163.5
100CT1954/06600 176.6 0.9 0.0 0.0 176.6
100CT1954,6700 186.3 0.6 0.6 0.0 186.3
1006CT1954-0800 193.6 0.0 0.0 0.0 193.6
160CT1954,0900 199.6 199.3 0.0 6.6 398.4
160CT1954/1060 202.7 199.3 0.0 6.6 462.0
100CT1954-1160 205.4 199.3 0.0 0.0 404.7

* Note: Diversion is not part of Total Pond Outflouw
iHelp ZPrtScr 3 4Goto  SReport 6DOS 7 8 SPlot 10Exit
Position with <PgDn>, <PgUp>, <Dn>, <Up>, <Home>, <End> or <F4>

FIGURE 11.24 Calculation Period Summary of Detailed Oulflows
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The [Fg] Plot key causes the HEC-IFH program to display a plot of inflows, If data values for

more than one full year are available, the first plot displays maximum annual values.
Pressing the down-arrow key "zooms" to a one-year plot of daily totals, as shown in Figure
11.25. Pressing the down-arrow key again zooms to a one-month plot of actual values, as
shown in Figure 11.26. While viewing the one-month plot, pressing the down-arrow zooms
to a one-day plot of actual values. From the one-year, one-month, or one-day plots, the
left-arrow and right-arrow keys "pan” to plots of different years, months, or days, if
available. The zoom and pan plot options are described in Chapter 2. On a computer
monitor with color display capabilities, each curve is displayed using a different color.

DAILY MAXIMUM OUTIFLOW
RBEND2 PLANP
—GRAVITY __PUMP DIV DUERFLOW TOTAL

450 T T T T T T T T T T T
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FIGURE 11.25 One-Year Plot of Detciled Maximum Daily Outflows
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FIGURE 11.26 One-Month Plot of Delailed Oulffiows

Figure 11.27 illustrates the Detailed Gravity Outflow calculation period summary, which
includes the following data values for the specified plan:

Date/Time: The date and time at the end of each computation interval during the
analysis.

Primary: The total computed rate of outflow from all the gravity outlets at the
Primary outlet location at the end of each computation interval during the analysis.

Sec. 1: The total computed rate of outflow from all the gravity outlets at the
Secondary 1 outlet location at the end of each computation interval during the
analysis.

Sec. 2: The total computed rate of outflow from all the gravity outlets at the
Secondary 2 outlet location at the end of each computation interval during the
analysis.

Sec. 3: The total computed rate of outflow from all the gravity outlets at the
Secondary 3 outlet location at the end of each computation interval during the
analysis.

Sec. 4: The total computed rate of outflow from all the gravity outlets at the
Secondary 4 outlet location at the end of each computation interval during the
analysis.
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¢ Total: The total computed rate of outflow from all gravity outlets at the end of each
computation interval during the analysis.

Pressing the [F4] Goto key instructs HEC-IFH to move directly to any specified time interval
in the time series. Pressing the Report key causes the summary to be printed.

CSA 01.01.00 sunMMil
Study ID RBENDZ ﬂ Hydrologic Analysis Summaries " Begin ©10CT1950,0160
Plan ID PLANP End 303SEP1960-2400
I. Calculation Period Summaries — Detailed Gravity Outflow Data
Gravity Qutflow (cfs)
Date/Time
DaMon¥ear/HrMaliPrimary Sec. 1 Sec. 2 Sec. 3 Sec 4. m Total
100CT1954./0100 84.6 8.0 0.0 8.9 0.0 84.6
100CT1554./0200 199.0 9.8 0.0 0.0 8.0 109.8
100CT1954./0300 124.5 0.0 0.0 0.0 8.0 1245
160CT1954.-0400 145.7 0.6 8.0 0.0 0.0 145.7
160CT1954./0500 163.5 0.6 0.0 0.0 0.0 163.5
160CT1954./0660 176.6 0.0 6.0 6.6 0.0 176.6
160CT1954./6700 186.3 6.0 6.0 6.0 0.0 186.3
100CT1954.,0800 193.6 8.0 6.0 0.0 0.0 193.6
100CT1354.-0300 199.6 0.0 0.0 6.0 0.0 1990
100CT1954./1000 282.7 0.0 0.0 8.0 0.0 202.7
160CT1954/1160 205.4 0.0 0.0 6.0 0.0 205.4
160CT1954.-1200 207.6 0.0 0.0 0.0 0.0 20?7.6
100CT1954.-1300 209.3 0.0 0.0 0.0 0.0 209.3
1Help ZPrtScr 3 4Goto  SReport 6DOS 7 8 9Plot  10Exit
Position with <PgDn>, <Pglp>, <Dn>, <Up>, <Home>, <End> or <F4>

FIGURE 11.27 Calculation Period Summary of Detailed Gravity Quiflow Data

The [F9] Plot key causes the HEC-IFH program to display a plot of gravity outflows. If data

values for more than one full year are available, the first plot displays maximum annual
values. Pressing the down-arrow key "zooms" to a one-year plot of daily totals, as shown in
Figure 11.28. Pressing the down-arrow key again zooms to a one-month plot of actual
values, as shown in Figure 11.29. While viewing the one-month plot, pressing the down-
arrow key zooms to a one-day plot of actual values. From the one-year, one-month, or one
day plots, the left-arrow and right-arrow keys "pan” to plots of different years, months, or
days, if available. The zoom and pan plot options are described in Chapter 2. On a
computer monitor with color display capabilities, each line is displayed using a different
color.
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FIGURE 11.28 One-Year Plot of Detailed Daily Maximum Gravily Outflows
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FIGURE 11.29 One-Month Plot of Detailed Gravity Outfiows
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Figure 11.30 illustrates the Area Flooded Data calculation period summary, which
includes the following data values for the specified plan:

¢ Date/Time: The date and time at the end of each computation interval during the
analysis.

o Exterior Elevation: The water surface elevation in the exterior channel at the end
of each computation interval during the analysis.

¢ Interior Elevation: The computed water surface elevation in the interior ponding
area at the end of each computation interval during the analysis.

s Area Flooded: The computed surface area of the interior ponding area at the end of
each computation interval during the analysis.

e Pond Stor. Volume: The computed storage volume of the interior ponding area at
the end of each computation interval during the analysis.

Pressing the [F4] Goto key instructs HEC-IFH to move directly to any specified time interval
in the time series. Pressing the [F5] Report key causes the summary to be printed.

CSh 01.01.00 SumMM12
Study ID RBENDZ ﬂ Hydrologic Analysis Summaries ] Begin 010CT1950,-0100
Plan ID PLANP End 30SEP1960.,2400
J. Calculation Period Summaries - firea Flooded Data
Exterior Interior Area Pond Stor.

Date/Tine Elevation | Elevation Flooded Uolume
DaMon¥Year/HrMn (f1) (ft) (ac) (ac—ft)
010CT1950,0100 581.12 591.10 0.5 6.0
010CT1950,/0260 581.12 591.01 0.1 0.0
010CT1950,0300 581.12 591.00 0.1 0.0
010CT1950-0400 581.12 591.00 0.1 0.0
010CT1950/0500 581.12 591.00 6.1 6.0
010CT1950-0600 581.12 591.00 0.1 0.6
010CT1956,/6700 581.12 591.60 0.1 0.0
010CT1956,/0800 581.12 591.00 0.1 6.0
010CT1956,0900 581.12 591.00 6.1 6.6
010CT1950,1000 581.12 591.00 9.1 0.6
010CT1950,1160 581.12 591.68 0.1 6.6
010CT1950-,1200 581.12 591.00 0.1 6.0
010CT1950-13600 581.12 591.00 6.1 0.9

1Help ZPrtScr 3 4Goto  SReport 6D0S 7 8 9Plot  10Exit
Position with <PgDn>, <Pglp>, <Dnd>, <Up>, <Home>, <End> or <F4>

FIGURE 11.30 Calculdtion Period Summary of Interior Area Flooded Data

The [F9] Plot key causes the HEC-IFH program to display a plot of the area flooded. If data

values for more than one full year are available, the first plot displays maximum annual
values. Pressing the down-arrow key "zooms" to a one-year plot of daily totals, as shown in
Figure 11.31. Pressing the down-arrow key again zooms to a one-month plot of actual
values, as shown in Figure 11.32. While viewing the one-month plot, pressing the down-
arrow key zooms to a one-day plot of actual values. From the one-year, one-month, or one-
day plots, the left-arrow and right-arrow keys "pan” to plots of different years, months, or
days, if available. The zoom and pan plot options are described in Chapter 2.
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FIGURE 11.31 One-Year Plot of Daily Maximum Interior Area Flooded
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11.6. CONTINUOUS SIMULATION MONTHLY SUMMARIES

There are three Monthly Summaries which summarize the results of the analysis for each
monthly period during the analysis:

1. Average Monthkly Rainfall: The average precipitation depth, losses, and percent
loss for each of the three sub-basins for each calendar month.

2. Interior/Exterior Data: The maximum, minimum, and average exterior elevation,
interior elevation, and differential head values for each calendar month.

3. Pump Operation: The total and average volume pumped and operating time for
each calendar month. The maximum and average pump head values and the total
pump energy are also listed for each month.

Figure 11.33 illustrates the Average Monthly Rainfall summary, which includes the
following data values for the specified plan:

* Precip: The average monthly total precipitation values for each calendar month, for
each of the areas used in the analysis. If only a portion of a month is included in
the analysis, the partial month results are extrapolated to give an approximate
monthly total.

¢ Losses: The average monthly total infiltration loss values for each calendar month,
for each of the sub-basins used in the analysis. These values are computed using
the loss rate method specified for each sub-basin.

e Percent Loss: The percentage of the total monthly precipitation which is lost (does
not contribute directly to runoff) for each calendar month, for each of the sub-
basins used in the analysis.

CShA 01.01.060 SuMmM13
Study ID RBENDZ “ Hydrologic Analysis Summaries H Begin 010CT1950,/0100
Plan IP PLANP End 36SEP1960-,2400
K. Monthly Summaries - Average Monthly Rainfall
Lower Sub-Basin Upper Sub-Basin Exterior Basin
Precip |Losses |Percent |[Precip|Losses |Percent |[[Precip|Losses | Percent
Month (in) | (in) Loss || (in) | Cin) Loss || (in) | (inl Loss
Oct 3.63| 1.34] 36.84)) 3.35] 1.35| 40.41
Nou 2.36| 1.41] 59.5?)) 2.8} 1.39] 66.64
Dec 1.93} 1.32] 68.11}j 1.76] 1.26] 71.77
Jan 1.97] 1.23 1.70] 1.64| 61.00
Feb 2.09] 1.33 1.75] 1.20] 68.57
Mar 2.43] 1.46 1.61] 63.09
fipr 4.04] 1.93 47.92
e = 50.29
Select Option: 44.81
41.59
A. Plot Monthly Lower Sub-Basin Rainfall 43.40
52.68

C. Plot Monthly Exterior Sub-Basin Rainfall
10Exit

Press <F106> to Return

FIGURE.11.33 Monthly Summary of Average Rainfall
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After the report is displayed on the screen, the PrtScr key may be used to generate a
printed copy of the report.

The [F9] Plot key causes the HEC-IFH program to display a menu of available rainfall plots,

as Figure 11.33 illustrates. Three different plots are available: one for each of the sub-
basins. Figure 11.34 illustrates one of these plots.

AVERAGE MONTHLY UPPER SUB-BASIN RAINFALL
RBEND2 PLANP

Depth (ind

Oct Nowv Dec Jan Feb Mar Apr May Jun Jul Aug Sep
Month

FIGURE 11.34 Plot of Average Monthly Rainfall

Figure 11.35 illustrates the Interior-Exterior Data monthly summary, which includes the
following data values for the specified plan:

e Maximum Exterior Elevation: The maximum water surface elevation in the
exterior channel for each calendar month during the analysis.

e Minimum Exterior Elevation: The minimnum water surface elevation in the exterior
channel for each calendar month during the analysis.

e Average Exterior Elevation: The average water surface elevation in the exterior
channel for each calendar month during the analysis.

e Maximum Interior Elevation: The maximum computed water surface elevation in
the interior ponding area for each calendar month during the analysis.

e Minimum Interior Elevation: The minimum computed water surface elevation in
the interior ponding area for each calendar month during the analysis.
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e Average Interior Elevation: The average computed water surface elevation in the
interior ponding area for each calendar month during the analysis.

e Maximum Differential Head: The maximum computed differential head between
the water surface elevations in the interior ponding area and the exterior channel,
for each calendar month during the analysis. The differential head is positive when
the interior elevation is higher.

e Minimum Differential Head: The minimum computed differential head between
the water surface elevations in the interior ponding area and the exterior channel,
for each calendar month during the analysis. The differential head is positive when
the interior elevation is higher.

e Average Differential Head: The average computed differential head between the
water surface elevations in the interior ponding area and the exterior channel, for
each calendar month during the analysis. The differential head is positive when the
interior elevation is higher.

After the report is displayed on the screen, the PrtScr key may be used to generate a
printed copy of the report.

The [F9) Plot key causes the HEC-IFH program to display a menu of available plots, as
Figure 11.35 illustrates. Three different plots are available:

1. Monthly Exterior Elevations, as illustrated in Figure 11.36.
2. Monthly Interior Elevations, as illustrated in Figure 11.37.
3. Monthly Differential Head., as illustrated in Figure 11.38.

CSA 01.01.60 SumMMi4
Study ID RBENDZ ﬂﬂgdrologic fnalysis Summaries H Begin 010CT19506-0100
Plan ID PLANP End 30SEP1966,/2400

L. Monthly Summaries — Interior-/Exterior Data

Exterior Elevation (ft) Interior Elevation (ft) Dif ferential HAd (ft)

Mon Max Min Aug. Max Min fAivg . Max | Min fivg.

§91.00] 591.99) 17.34|-11.53
591.00] 591.62) 14.72] -2.32
591.00| 591.39§ 14.04| -5.40
591.00! 591.63) 14.69] -7.73
591.00| 591.77) 12.83] -6.53
591.08| 591.84) 13.95| -9.30
591.008] 592.26| 16.61}-10.97
591.00| 592.32| 13.19] -6.76
591.008] 592.36)1 15.54] -3.62
591.00| 592.27] 15.68

591.00f 592.16) 17.16| —4.64
591.00] 591.59) 17.18

CODNTRANNDDW
RRIRCTHREAND

-

A. Plot Monthly Exterior Elevations

B. Plot Monthly Interior Elevations
C. FPlot Monthly Differential Head

10Exit

Press <F16> to Return

FIGURE 11.35 Monthly Summary of Interior/Exterior Data
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MONTHLY EXTERIOR ELEVATIONS
RBEND2 PLANP

615

618

685
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Elevation (ft)
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FIGURE 11.36 Plot of Monthly Exterior Elevations

MONTHLY INTERIOR ELEVATIONS
REEND2 PLANP

683

coz |-
so1 |- . . . . . . . T
6088 :-
599 _ , , : . . . ‘ ‘ ‘ _
sog | - T . LT
so7 |-
so6 | 4 L -

5995

Elevation (ft)

5949
993

soz | -+ , . -4

591 - - . -t e " -t . -t “ - " —A . s . -t e “ —_ -t

598 [ 1 1 i ] i 1 1 1 1
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Month

FIGURE 11.37 Piot of Monthly Interior Elevations
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MONTHLY DIFFERENTIAL HEAD
RBEND2 PLANP

Oct Nowv Dec Jan Feb Mar Apr May Jun Juel A Sey
Month

FIGURE 11.38 Plot of Monthly Differential Head

Figure 11.39 illustrates the Pump Operation monthly summary, which includes the
following data values for the specified plan:

Total Volume Pumped: The total volume discharged by all pumping units for each
calendar month during the analysis. This is the sum of the individual volumes
pumped during each time period of each month by each pump. For example, the
total for January would include every unit of volume pumped during every January
during the entire analysis.

Average Volume Pumped: The average volume of water discharged by all pumping
units, for each calendar month during the analysis. This is the Total Volume
Pumped (see description above) divided by the number of times this particular
calendar month occurred during the analysis.

Total Operating Time: The total number of hours during which at least one of the
pumping units discharged for each calendar month during the analysis. HEC-IFH
keeps a running total of operating time for each pump for each month.

Average Operating Time: The average number of hours during which at least one
pumping unit discharged for each calendar month during the analysis. HEC-IFH
keeps a running total of time periods during which at least one pump operated.
From this running total, the program computes the monthly average values.

Maximum Pump Head: The maximum computed pump head for each calendar
month during the analysis. Pump head is the exterior elevation minus the interior
elevation, and equals zero (0) when the difference is negative. Pump head is defined
only when at least one pumping unit is operating,
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e Average Pump Head: The average computed pump head (see definition above) for
each calendar month during the analysis.

e Avg. Pump Energy: The average number of megawatt-hours of energy required for
all of the pumping units, for each calendar month during the analysis. HEC-IFH
keeps a running total of energy use for each computation interval of the analysis,
computed for each pumping unit by the following equation:

Ce
In which:
E = Energy Consumption during each time interval {mW-hrs)
H = Total Pump Head at end of time interval (ft or m)
Q = Pump Flow Rate interpolated from Pump Head vs. Capacity relationship (cfs or m3/s)
C = Constant used for unit conversions
e = Pump Efficiency interpolated from Pump Head vs. Efficiency relationship

At = computation interval (hr)

CSh 01.01.00 SumMMi1s
Study ID REENDZ “ Huydrologic fAnalysis Summaries H Begin 010CT1956-0100
Plan ID  PLANP End 3O0SEP1960/2400

M. Monthly Summaries — Pump Dperation

Uolume (ac-ft) Operating Time (hrs) Punp Head (£ft) ﬂug.Pump

Energy

Month Total flverage Total Average Maxinun fiverage }(n-hrs)

22. 11.53 2.17 | 1.94

0. 6.00 0.00 | 0.008

0. 0.00 0.00 | 0.00

0. 0.00 0.00 | 0.00

0. 6.00 0.60 0.00

0. 0.00 9.60 0.00

16. 10.97 4.99 1.67

10. 3.75 0.97 | 0.59

0. 0.00 6.00 | 0.060

10. 5.70 2.33 | 0.95

3. 0.00 6.60 | 0.11

0. 6.60 0.0 | 0.00
B. Plot Monthly Operating Time ;

C. Plot Month-Average FPump Energy

10Exit
Press <F10> to Return

FIGURE 11.39 Monthly Summary of Pump Operation Data

The [F9] Plot key causes the HEC-IFH program to display a menu of available plots, as
Figure 11.39 illustrates. Three different plots are available:

1. Monthly Volume Pumped, as illustrated in Figure 11.40.
2. Monthly Operating Time, as illustrated in Figure 11.41.
3. Month-Average Pump Energy, as illustrated in Figure 11.42.
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AVERAGE MONTHLY UOLUME PUMPED
RBENDZ PLANP

400

358

3es

258

208

159

Uolune (ac-Ft)

1668 -

S8 -

Oct Nowv Dec Jan Feb Mar APr May Jun Juel Aug Sey
Month

FIGURE 11.40 Plot of Average Monthly Volume Pumped

AVERAGE MONTHLY OPERATING TIME
RBENDZ2 PLANP

22

20 -

18 -

14

12

Houvs

Oct Now Dec Jan Feb Mar ArTr May Jun Jul Awga Sey
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FIGURE 11.41 Piot of Average Monthly Operating Time
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AVERAGE MONTHLY PUMP ENERGY
RBEND2 PLANP

~hrs
-
[ ]
T

Dct Nowv Dec Jan Feb Mar Apr May Jun Jul Aug Sep
Month

FIGURE 11.42 Plot of Average Monthly Pump Energy
11.7. CONTINUOUS SIMULATION WATER YEAR ANNUAL SUMMARIES

There are three Water Year Annual Summaries which summarize and total the results of
the analysis for each yearly period during the analysis. A Water Year is a period which
extends from 1 October through 30 September. For example, water year 1950 began on 1
October 1949.

1. Rainfall-Runoff Data: The average precipitation depth, losses, and peak runoff rate
for each of the three sub-basins for each water year.

2. Interior/Exterior/Pump Data: The minimum and maximum interior and exterior
water surface elevations, and the maximum positive differential head, negative
differential head, and pump head for each water year. The total pumping time and
pump energy are also listed.

3. Maximum Area Flooded: The maximum interior elevation and the corresponding
area flooded for each water year.

Figure 11.43 illustrates the Rainfall-Runoff Data water year annual summary, which
includes the following data values for the specified plan:

e Year: Each water year (October through September) or portion of a water year
included in the analysis.

e Total Precip: The total precipitation for each water year of the analysis, for each of
the sub-basins used in the analysis.
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* Total Losses: The total precipitation losses for each water year of the analysis, for
each of the sub-basins used in the analysis. These values are computed using the
loss rate method specified for each sub-basin.

¢ Peak Runoff: The maximum computed flow rate of the runoff hydrograph for each
of the sub-basins used during the analysis, for each complete water year of the
analysis.,

Pressing the [F4] Goto key instructs HEC-IFH to move directly to any specified time interval
in the analysis. Pressing the [F5] Report key causes the summary to be printed.

C3hA 01.01.00 SUMM16
Study ID RBENDZ H Hydrologic fnalysis Summaries n Begin ©10CT19506,0100
Plan ID PLANP End 30SEP1960-2400

N. Water Year finnual Summaries — Rainfall-Runoff Data

Louer Sub-Basin Upper Sub-Basin Exterior Basin

= Total Total| Peak [ Total Total Peak {j> Total Total] Peak
Precip| Losses| Runoff || Precip| Losses| Runoff]| Precip| Losses| Rumoff
Year (in) (in) (cfs) (in) (in) (cfs) (in) (in) (cfs)

140.01] 19.24 1128) 40.61 0.09 604
31.72] 18.79 711 31.72 0.00 601

39.82| 18.51
35.50| 19.47

30.54f 1?7.56 26.0Z2| 14.51 1086} 26.02 0.00 660
34.23] 16.99 37.46] 18.33 1475 37.46 .00 661
37.43] 16.61 46.1?7| 16.45 2057} 40.17 0.00 614

1442} 27.59 ©.00 605
2543}f 37.92 0.00 607
1366) 31.09 0.00 602
1634 35.27 0.00 611
1205)f 31.69 0.00 602

27.59] 15.53

32.67| 16.55

Ai. Plot Lower Sub-Basin Rainfall-Runoff

B. Plot Upper Sub-Basin Rainfall-Runoff
C. Plot Exterior Sub-Basin Rainfall-Runoff ile,

not just for plan period.
8
Position with <Pgbn>, <Pglp>, <Dn>, <Up>, <Home>, <End>

FIGURE 11.43 Water Year Annual Summary of Rainfali-Runoff Data

The [Fg] Plot key causes the HEC-IFH program to display a menu of available rainfall plots,

as Figure 11.43 illustrates. Three different plots are available: one for each of the sub-
basins. Figure 11.44 illustrates one of these plots. On a computer monitor with color
display capabilities, each line is each displayed using a different color.
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FIGURE 11.44 Plot of Annual Total Rainfali-Runoff

Figure 11.45 illustrates the Interior/Exterior/Pump Data watier year annual sununary,
which includes the following data values for the specified plan:

Year: Each water year (October through September} or portion of a water year
included in the analysis.

Minimum Interior Elev: The minimum computed water surface elevation in the
interior ponding area for each water year during the analysis.

Maximum Interior Elev: The maximum computed water surface elevation in the
interior ponding area for each water year during the analysis.

Minimum Exterior Elev: The minimum water surface elevation in the exterior
channel for each water year during the analysis.

Maximum Exterior Elev: The maximum water surface elevation in the exterior
channel for each water year during the analysis.

Maximum Positive Head: The maximum computed positive differential head,
between the water surface elevations in the interior ponding area and the exterior
channel, for each water year during the analysis. The differential head is positive
when the interior elevation is higher.

Maximum Negative Head: The maximum computed negative differential head,
between the water surface elevations in the interior ponding area and the exterior
channel, for each complete water year during the analysis. The differential head is
negative when the exterior elevation is higher.
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Maximum Pump Head: The maximum computed pump head, between the water
surface elevations in the interior ponding area and the exterior channel, for each
complete water year during the analysis. Pump head is measured only when at
least one pumping unit is operating.

Pumping Time: The number of hours during which at least one of the pumping
units discharged during each complete water year of the analysis.

Pump Energy: The number of megawatt-hours of energy required for all of the
pumping units, during each complete water year of the analysis.

Pressing the [F4] Goto key instructs HEC-IFH to move directly to any specified time interval
in the analysis. Pressing the [F5] Report key causes the summary to be printed.

CSa 01.01.00 SumMM1?
Study ID RBENDZ ﬂ Hydrologic Analysis Summaries H Begin 010CT19506,0100
Plan ID PLANP End 30SEP1960/2400

0. Water Year Anmual Summaries - Interior/Exterior/Pump Data

E.

Interior Elev(fi)||Exterior Eleu(ft)ﬂ Maximum Head (ft) |Pumping| Pump

Time Energy

Year)l Minimum| Maximumfl Mininun Haximumu Pos. | Neg. | Pump thr) | (nb-hrs)

1951 591.00| 600.25§ 581.08| 603.69f 17.18| -4.49] 3.75 62 4.24

1952 591.06] 598.67) 581.09f 600.83) 14.61} -7.73| 0.00 0 0.00

1953}| 591.00| 597.98) 581.02| 600.38) 15.54| -4.10| ©0.00 0 0.00

1954 591.00| 599.40)f 580.98| 600.91} 14.56] -4.13| 0.00 0 0.00

1955)| 591.00]| 662.28) 580.95|( 613.74§f 17.34]-11.53| 11.53 212 19.30

1956)] 591.00| 600.57) 586.95{ 604.59) 15.99] -6.24| 3.31 110 ?.11

5.70 96 9.53

Select Option: 0.60 0 0.08

16.97 59 12.45

A. Plot Ammal Max-Min Interior Elevations 0.00 ] 0.00
B. Plot Amwual MaxMin Exterior Elevations

C. Plot Ammual Maximum Heads

Plot Annual Pump Energy

Position with <Pgbm>, <Pglp>, <Dn>, <Up>, <Home>, <End>

FIGURE

11.45 Water Year Annual Summary of Interior/Exterior/Pump Data

The [F9] Plot key causes the HEC-IFH program to display a menu of available plots, as

Figure

W N e

5.

11.45 illustrates. Five different plots are available:
Annual Max/Min Interior Elevations.

Annual Max/Min Exterior Elevations.

Annual Maximum Heads.

Annual Pumping Time, as illustrated in Figure 11.46.
Annual Pump Energy, as illustrated in Figure 11.47.

On a computer monitor with color display capabilities, each line is each displayed using a
different color.
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FIGURE 11.46 Plot of Annual Total Pumping Time
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FIGURE 11.47 Piot of Annual Total Pump Energy
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Figure 11.48 illustrates the Maximum Area Flooded water year annual summary, which
includes the following data values for the specified plan:

e Year: Each water year (October through September} or portion of a water year
included in the analysis.

¢ Interior Elevation: The computed maximum water surface elevation in the interior
ponding area during each water year of the analysis.

e Interior Area Flooded: The computed maximum surface area of the interior
ponding area during each water year of the analysis.

Pressing the [F4] Goto key instructs HEC-IFH to move directly to any specified time interval
in the analysis. Pressing the Report key causes the summary to be printed.

The [F3] Plot key causes the HEC-IFH program to display a plot of Annual Maximum Area
Flooded, as shown in Figure 11.49.

CSa 01.01.06 SumMMis
Study ID RBENDZ [ Hydrologic finalysis Summaries H Begin 010CT1956,0100
Plan ID PLANP End 30SEP13566,/2400
P. Water Year Annual Summaries - Maximum Area Flooded
Interior
Interior Area
Elevation Flooded

Year at) (ac)

1951 600.25 568.0

1952 598.07 283.4

1953 597 .98 273.4

1954 599.40 4150.3

1955 602 .28 1114.5

1956 660 .57 624.2

1957 601.12 ?39.8

1958 599.46 457.1

1959 660.06 535.2

1966 599.59 474.3
1Help ZPrtScr 3 4 5 6D0S 7 8 SPlot 10Exit

Position with <Pghm>, <Pglp>, <Dn>, <Up>, <Home>, <End>

FIGURE 11.48 Waler Year Annual Summary of Maximum Interior Area Flooded
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FIGURE 11.49 Plot of Annual Maximum Interior Area Flooded

11.8.

CONTINUOUS SIMULATION ANALYSIS RECORD SUMMARIES

There are five Analysis Record Summaries which summarize and total the results of the
analysis for the entire duration of the analysis:

1.

Maximum Values: The maximum interior elevation, interior area flooded, interior
storage volume, exterior elevation, positive differential head, negative differential
head, and pump head values recorded during the entire analysis, along with the
corresponding time of occurrence for each value.

Inflows and Outflows: The maximurmn rate and the total volume of inflows routed
from the upper sub-basin, direct runoff into the lower sub-basin, the lower sub-
basin auxiliary inflow, seepage inflow, and total inflow during the entire analysis,
along with the corresponding time of occurrence for each maximum value. The
maximum rate and the total volume of outflow from the pump outlets, the gravity
outlets, diversion, overflow, and total outflow, along with the corresponding time for
each maximum value, are also listed.

Exceedance Duration Table: An analysis of the interior and exterior water surface
elevations and pump heads, listing a range of values with the number of periods
and the percent of total periods in which each elevation is exceeded.

Plotting Position Table: A list of the interior stage values above the specified
threshold elevation (for partial series) or the maximum interior stage values for
each water year (for annual series), along with the corresponding date, time, water
year, peak storage value, peak interior stage value, and median plotting position.

Stage-Frequency Table: A summary of the computed interior storage and stage
values for eight storm frequencies, along with the method of computation. The user
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Figure

may also enter adjusted stages in the table. These adjusted values are then stored
for future displays of the plot and for plan comparisons.

11.50 illustrates the Maximum Values summary, which includes the following data

values for the specified plan:

Interior Elevation: The maximum computed water surface elevation in the interior
ponding area during the analysis.

Interior Area Flooded: The maximum computed surface area of the interior
ponding area during the analysis.

Interior Storage: The maximum computed storage volume of the interior ponding
area during the analysis.

Exterior Elevation: The maximum water surface elevation in the exterior channel
during the analysis.

Maximum Head: The maximum computed differential head between the water
surface elevations in the interior ponding area and the exterior channel, during the
analysis. The differential head is positive when the interior elevation is higher.

Minimum Head: The maximum computed differential head between the water
surface elevations in the exterior channel and the interior ponding area, during the
analysis. The differential head is negative when the exterior elevation is higher.

Pump Head: The maximum computed differential head between the water surface
elevations in the exterior channel and the interior ponding area, during a
computation interval in which at least one of the pumping units operated.

CSAa 01.01.00 SuMM1s
Study ID RBENDZ I] Hydrologic Analysis Summaries ] Begin 010CT13950,0160
Plan ID PLANP End 30SEP19606,/2400
. Analysis Record Summaries - Maximum Values
Maximum DatersTime
Value DaMon¥ear-HrMn
Interior Elevation (£t 602.28 110CT1954/1000
Interior Area Flooded (ac) 1114.5 110CT1954/10008
Interior Storage (ac-ft) 3141.0 110CT1954/1000
Exterior Elevation (ft) 613.74 110CT19542460
Maximum Head (ft) 17.34 040CT1954/0260
Minimum Head (ft) -11.53 110CT1954.-2460
Punp Head (ft) 11.53 110CT1954/2460
1He lp ZPrtScr 3 4 5 6D0S 7 8 9 10Exit
Press <F10> to Return

FIGURE 11.50 Analysis Record Summary of Moximum Values
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For each of the maximum values listed in this table, the corresponding Date/Time value
is the date and time at the end of each time interval in which the maximuwm conditions
occurred during the storm event.

After the report is displayed on the screen, the PrtScr key may be used to generate a
printed copy of the report.

Figure 11.51 illustrates the Inflows and Outflows summary, which includes the following
data values for the specified plan:

e Inflow Routed from Upper: The maximum computed flow rate and total volume of
the hydrograph routed from the upper sub-basin during the analysis. See Chapter
4,

¢ Inflow Runoff from Lower: The maximum computed flow rate and total volume of
the runoff hydrograph from the lower sub-basin during the analysis. See Chapter 4.

e Lower Auxiliary Inflow: The maximum computed flow rate and total volume of the
auxiliary inflow hydrograph at the interior ponding area during the analysis. See
Chapter 9.

e Seepage Inflow: The maximum computed rate and total volume of seepage inflow
into the interior ponding area during the analysis. Seepage is described in Chapter
9.

s Total Inflow: The maximum computed rate and total volume of total inflow to the
interior ponding area during the analysis. The total inflow includes the direct runoff
from the lower sub-basin, the routed flows from the upper sub-basin, lower sub-
basin auxiliary inflows, and seepage inflow, if applicable.

e Pump Outflow: The maximum computed rate of discharge and the total discharge
volume from all pumping units during the analysis. See Chapter 7.

e Gravity Outlet Outflow: The maximum computed rate of outflow and the total
outflow volume from all gravity outlets during the analysis. See Chapter 6.

e Diversion Outflow: The maximum computed rate of discharge and the total
discharge volume from diversion during the analysis. Diversions apply to the upper
interior sub-basin, so diversion outflows are not directly comparable to other
outflows, which apply to the interior ponding area (which is in the lower interior
sub-basin). See Chapter 9 for further details.

e Overflow Outflow: The maximum computed rate of outflow and the total outflow
volume as a result of overflows from the interior ponding area during the analysis.

e Total Outflow: The maximum computed rate of outflow and the total outflow
volume from the interior ponding area during the analysis. The total outflow
includes gravity outflow, pump outflow, and overflows. Diversion outflow is not
included, because it does not originate from the interior ponding area.

For each of the maximum values listed in this table, the corresponding Date/Time value
is the date and time at the end of each time interval in which the maximum conditions
occurred during the storm event.

After the report is displayed on the screen, the PrtScr key may be used to generate a
printed copy of the report.
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CSn 61.01.00 SumMMze
Study ID RBENDZ2 ﬂ Hydrologic Analysis Summaries ﬂ Begin 010CT1950/0100
Plan ID PLANP End  36SEP1360,2460
R. fmalysis Record Summaries — Inflous and Outflous
Flous ax. Value DatesTime Total Volume
(cfs) DaMonYear/Hrtin || (ac-ft)
Inf lou Routed from Upper 2455.7 | 13JUL1957/0500 65895.6
Runoff from Louer 1439.1 | 06AUG19510860 48276.5
Lower Auxiliary 0.0 0.0
Seepage 0.0 0.0
Total 3109.1 | 13JUL1957,/0460 1141711
Outflow | Pump 199.3 | 11MAY1951/0400 8809.1
Gravity Outlet 209.3 | 100CT1954-1360 105570.8
*Diversion 6.0 0.0
Overf low 0.0 0.0
=xTotal 408. 160CT1954/1360 114379.8

3 Diversion is not part of total POND outf low.

1Help 2PrtScr 3 4 5 6D0S ? 8 E] 10Exit
Press <F10> to Return
FIGURE 11.51 Analysis Record Summary of Inflows and Outflows

Figure

11.52 illustrates the Exceedance Duration analysis record summary, which

includes the following data values for the specified plan:

% Time Exceeded: The percentage of the total duration of the analysis in which
the corresponding values were exceeded.

Exterior Elevation: The water surface elevation in the exterior channel which was
exceeded during the corresponding percentage of the analysis.

Interior Elevation: The computed water surface elevation in the interior ponding
area which was exceeded during the corresponding percentage of the analysis.

Pump Head: The computed differential head between the water surface elevations
in the exterior channel and the interior ponding area which was exceeded during
the corresponding percentage of the analysis. Pump head is measured only when at
least one pumping unit is operating.

After the report is displayed on the screen, the PrtScr key may be used to generate a

printed

copy of the report.

The [F9] Plot key causes the HEC-IFH program to display a menu of available plots, as

Figure
1.

11.52 illustrates. Two different plots are available:

Elevation Exceedance Duration Data, as illustrated in Figure 11.53. On a
computer monitor with color display capabilities, each line is each displayed using
a different color.

Pump Head Exceedance Duration Data, as illustrated in Figure 11.54.
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CSA 01.01.00 SuMM21
Study ID RBENDZ ﬂ Hydrologic Analysis Summaries“ Begin 010CT1950,0100
Plan ID PLANP End 30SEP1960-2400
S. Analysis Record Summaries — Exceedance Duration Table
Exterior|Interior| Pump Exterior|Interior| Pump
7z Time Elew. Elewv. Head % Time Elev. Elev. Head
Exceeded ft) rt) rt) Exceeded ft) (rt) (rt)
160> 580.95] 591.00 0.00 3o~ 584.76] 591.35 3.12
99 581.60] 591.06 0.07 207 586.85] 592.34 5.3
90 581.29{ 591.10 6.12 16 590.58| 594.98 7.54
80 581.53] 591.12 0.14 4 595.92] 597.14 9.76
70 581.73] 591.14 0.16 27 598.87] 598.13 10.49
60 581.93| 591.15 0.19 > 599.93] 599.01 16.86
50 582.27| 591.17 601.18] 599.60 11.12
604.88) 600.45 11.37
Select Option:
B. Plot Pump Head Exceedance Duration Data

10Exit

Press <F10> to Return

FIGURE 11.52 Exceedance Duration Table
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FIGURE 11.53 Plot of Elevation Exceedance-Durction
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FIGURE 11.54 Plot of Differential Head Exceedance Duration

Figure 11.55 illustrates the Partial Series Plotting Position Table. The Annual Series
Plotting Position Table is very similar. These tables includes the following data values for
the specified plan:

Type of Series: ANNUAL or PARTIAL. As noted in Chapter 10, the Frequency
Analysis portion of a Continuous Simulation may be based on Annual Series or
Partial Duration Series Frequency Analysis.

Threshold Elevation (Partial Series only): The minimum interior water surface
elevation required for HEC-IFH to identify an independent event for a partial series
frequency analysis.

Rank: The numeric sequence of the event, beginning with the event producing the
largest storage volume.

Date/Time: the date and time at the end of each time interval in which the event
occurred during the analysis.

Peak Storage: The maximum computed storage volume of the interior ponding area
during the ranked event.

Peak Interior Stage: The maximum computed water surface elevation in the
interior ponding area during the ranked event.

Median Plotting Position: The frequency of the ranked event, as computed using
the median plotting positions equations.

For annual series, the plotting position, P,, of the largest event is obtained by use of the
following equation {[USACE, 15 November 1988, Section 2-4c, Equation 2-2a]:
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P = 100[1--— (0.5)%] (11.1)

In which:
N = the number of years of record

The plotting position for the smallest event (Py) is the complement (1-P;) of this value, and
all the other plotting positions are interpolated linearly between these two.

The median plotting positions can be approximated by the following equation, which is
used for partial series [USACE, 15 November 1988, Section 2-4¢, Equation 2-2b):

m-0.3
P =100t 2° (11.2)
m 00N+0.4

In which:

m = the order number of the event

CSa 01.01.00 suMMz22
Study ID RBENDZ ﬂ Hydrologic Analysis Summaries !I Begin 010CT1950,0100
Plan ID PLANP End 30SEP13960,2400

T. finalysis Record Summaries - Plotting Position Table

Partial Series Threshold Elevation: $598.00

DatesTine Water | Peak Storage | Peak Interior| Median Plotting

Rank |[DaMonYear /HrMn| Year (ac-ft) Stage (ft) Position

1 ]110CT1954/1008] 1955 3141.0 6061.86 6.731

2 |13JUL1957,1400| 1357 2072.2 6061.07 16.346

3 |29APR1956-1700]| 1956 1697.2 600.53 25.962

4 |0?0CT1955-0606] 1956 1569.4 £00.23 35.5?7

5 |11MAY1951-1166| 1951 1505.8 660.22 45.192

6 |39AUG1955-1300]| 1955 1460.4 600.15 54.808

? |Z28APR1959,1600| 1959 1402.5 £00.065 64.423

8 |24JUL1959-0108] 1959 1293.9 899.83 74.038

9 |29APR1957,02060] 1957 1263.0 599.77 83.654

10 |15JAN1960-1400] 1968 1168.9 599.56 93.269
iHelp ZPrtScr 3 9 5 6B0S 7 8 9Plot  10Exit

Position with <Pgbm>, <Pglp>, <Dmn>, <Up>, <Home>, <End>
FIGURE 11.55 Analysis Record Plotting Position Table

After the report is displayed on the screen, the PrtScr key may be used to generate a
printed copy of the report.

While the summary is displayed, pressing the [F9] plot key displays the plot illustrated in

Figure 11.56. This probability-scaled plot shows the relationship between water surface
elevations and frequency for each plan.
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FIGURE 11.56 Plot of Partial Series Maximum Interior Elevations

Figure 11.57 illustrates the Partial Series Stage-Frequency Table. The Annual Series
Stage-Frequency Table is very similar. The following data values are included for the
specified plan:

Type of Series: ANNUAL or PARTIAL. As noted in Chapter 10, the Frequency
Analysis portion of a Continuous Simulation may be based on Annual Series or
Partial Duration Series Frequency Analysis.

Threshold Elevation (Partial Series only): The minimum interior water surface
elevation required for HEC-IFH to identify an independent event for a partial series
frequency analysis.

% Chance Exceeded: The standard storm frequencies at which the corresponding
interior storage and stage values have been computed by the frequency analysis.

Method of Computation: INTERPOLATION or EXTRAPOLATION. Values corre-
sponding to frequencies lying within the duration of the analysis are computed by
interpolation. Values corresponding to other frequencies are computed by ex-
trapolation. For example, if the duration of the analysis is 10 years, then the 200%,
150%, 100%, 90%, 50%, 20%, and 10% storage and stage values would be interpo-
lated from actual values computed during the analysis. Values for larger events
would be extrapolated.

Computed Storage: The computed storage volume of the interior ponding area
corresponding to each of the standard storm frequencies.
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e Computed Interior Stage: The computed interior stage corresponding to each of
the standard storm frequencies.

e Adjusted Interior Stage: Initially equal to the Computed Interior Stage, these
values may be changed by the user to allow the frequency curve to be "smoothed".

After the report is displayed on the screen, the PrtScr key may be used to generate a
printed copy of the report.

C3a 01.01.00 sumMMz4
Study ID RBENDZ2 ﬂ Hydrologic finalysis Summaries I] Begin 010CT1956,0100
Plan ID  PLANP End 30SEP1966,2400

U. Analysis Record Summaries - Stage-Frequency Table

Partial Series Threshold Elevation: 598.00

7 Chance Method of Computed Storage |[Computed Interior|Adjusted Interior
Exceeded] Computation (ac-ft) Stage (ft) Stage (ft)
2007 Interpolation 770.1 598.59
1502 Interpolation 959.5 599.11
100 Interpolation 1161.7 599.55
90 Interpolation 1192.2 599.61
50 Interpolation 1487.9 £00.19
207 Interpolation 1894.3 600.85
10 Interpolation 2598.4 601.46
4z Extrapolation 4046 .3 662 .53
2z Extrapolation 5669.7 603.73
1 Extrapolation 79544 .4 605.00
0.5z | Extrapolation 11131.7 605.00
0.2~ | Extrapolation 17387.0 605.00

1Help ZPrtScr 3 6D0S 10Exit
Press <F10> to Return

FIGURE 11.57 Anailysis Record Stage-Frequency Table

While the summary is displayed, pressing the [F3] plot key displays the plot illustrated in
Figure 11.58. This probability-scaled plot shows the relationship between water surface
elevations and frequency for each plan. The plot illustrates the original water surface
elevations computed by the frequency analysis, as well as the adjusted water surface
elevations entered by the user. On a computer monitor with color display capabilities, each
line is displayed using a different color.
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FIGURE 11.58 Plot of Maximum Interior Elevations

Figure 11.59 illustrates the Pump Operation analysis record summary, which includes
the following data values for the specified plan:

Pump Unit ID: The identifier for each of the pumping units available for the
analysis.

Minimum Stop Elev.: The lowest monthly pump stop elevation entered for each of
the pumping units available for the analysis.

Minimum Start Elev.: The lowest monthly pump start elevation entered for each of
the pumping units available for the analysis.

Total Hours Pumped: The total number of hours during which each of the
pumping units discharged for each water year during the analysis.

Average Annual hrs Pumped: The average number of hours during which each of
the pumping units discharged for each water year during the analysis.

Total Energy: The total number of megawatt-hours of energy required for each of
the pumping units during the analysis.

Avg. Annual Energy: The average number of megawatt-hours of energy required for
each of the pumping units, for each water year during the analysis.

Figure 11.60 illustrates the Error Messages analysis record summary, which includes the
error messages and warning messages generated by HEC-IFH during each analysis. Since
these error messages may be too numerous to fit on one screen, a "file browser” or "list"
utility program is used to provide access to the entire range of error and warning
messages. The file browser allows the messages to be scrolled in increments of one line or
one screen at a time, either up or down.
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Appendix F of this manual provides a listing of all error and warning messages with
further background information.

CSA 01,01.00 . sSuMMz6
Study ID RBENDZ ﬂHgdrnlogic Analysis Summaries “ Begin 610CT1950,0100
Plan ID  PLANP End 30SEP1960,2400

V. Analysis Record Summaries — Pump Operation

Minimum | Minimum Total | Average Total |Av.mmnual
Punmp Pump Unit Stop Start Hours fAnnual Energy | Energy

Number 1D Eley._(ft)|Elev.(ft)]| pumped |hrs pumped|(mi-hrs)|{(mi-hrs)
1 PUMP1 598.00 6060.00 539 53 52.63 5.26

2

3

4

5

6

?

8

9

1@
1Help ZPrtScr 3 4 5 6b0S ¢ 8 9 10Exit

Press <F16> to Return

FIGURE 11.59 Analysis Record Summary of Pump Operation

LIST 1 17 02/29/92 07:26 + RBENDZ\FLANP .ERR
Plan PLANP Errors and Warnings Z29FEB1992-672607
i Exterior Discharge Hydrograph Calculations Z28FEB1992,163453 i

WARNING: Clark umit hydrograph TC increased to computation time interval

WARNING: Clark unit huydrograph R increased to half of computation time interwal

Conmand) s,exx End-of -file e Keys: tls« Pglp PgDn FiB=exit Fl=Help

FIGURE 11.60 Analysis Record Summary of Error Messages
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CHAPTER 12
HEA Hydrologic Analysis Summaries

12.1. INTRODUCTION

As noted in the introduction to Chapter 11, Hydrologic Analysis Summaries report the
results of one analysis (one plan). This chapter describes the Hydrologic Analysis
Summaries which are available for the Hypothetical Event Analysis option.

Different Hydrologic Analysis Summaries are available for Continuous Simulations and
Hypothetical Event Analyses. Table 12.1 lists the Hydrologic Analysis Summaries which
contain particular types of output available for each method of analysis.

TABLE 12.1 Overview of HEC-IFH Hydrologic Analysis Summaries

Type of Output Continuous Simulation Analysis Hypothetical Event Analysis
Input Data Analysis Input Summaries Analysis Input Summaries
Detailed Output Calculation Period Summaries Analysis by Events
Monthly Totals/Averages Monthly Summaries —

Annual Totals/Averages  Water Year Annual Sumimaries —

Summary of All Results Analysis Record Summaries Event Comparisons
Error Messages Analysis Error Messages Analysis Error Messages

Note: See Chapter 11 for details on Continuous Simulation Analysis summaries.

12.2. HEC-IFH NUMERIC DISPLAY FORMATS

As noted in Chapter 11, all HEC-IFH summaries are displayed using tables formed by
horizontal and vertical lines. Numeric output values displayed in such tables are generally
limited to a fixed number of digits and a fixed decimal point location. The total number of
digits and the position of the decimal point for each output value have been carefully
selected to display a very wide range of values, for. However, the values may occasionally
overflow the number of digits available. In such cases, HEC-IFH automatically modifies the
display format to provide appropriate values within the space available, rather than simply
printing the uninformative "***** *" value which is the FORTRAN default output.

For example, assume that a particular summary displays peak runoff rate to the nearest
0.1 unit using seven total characters. The highest peak runoff rate which could normally be
displayed in such a summary would be 99999.9 units. However, if a peak runoff rate of
4,189,876 units is computed, HEC-IFH automatically eliminates the decimal point and the
digit right of the decimal point, and 4189876 is displayed as a seven-digit integer.

HEC-IFH will automatically use exponential notation to display output values which are too
large for display even as integers. For example, if the computed runoff rate in the example
above were 13,894,176 units, it could not be displayed in seven total characters, even as an
integer. In such a case, HEC-IFH would automatically display the value as 13894E3, which
is 13,894 times 103, or 13,894,000.

12.3. SELECTION OF HEA HYDROLOGIC ANALYSIS SUMMARIES

Figure 12.1 illustrates the screen used to select the Plan ID for the Hydrologic Analysis
Summaries. In order for a Hydrologic Analysis Summary to be generated, the plan

computations must have already been completed. The Index key may be used to display

a list of valid Plan IDs. When a Plan ID is specified, the corresponding Plan Description is
displayed for verification.
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HEA 01.01.00 MDC+

Study ID SILUVERCR llHydro logic Analysis Summaries “

Plan 1D

Description 48-in CMP unblocked ocutlet,1-Z00CFS PUMP

1Help ZPrtScr 3index 4 ) 6b0s 7 8 9 10Exit
Press <F10> to Proceed to the Menu

FIGURE 12.1 Hypothetical Event Hydrologic Analysis Summaries Master Screen

Nineteen (19} different Hydrologic Analysis Summary reports are available for Hypothetical
Event Analysis. These reports are divided into four categories:

1. Analysis Input Summaries, which describe the input data for a plan analysis:

2. Analysis by Events, which list and summarize the results of the analysis for one of
the eight standard storm events available for Hypothetical Frequency Analyses.

3. Event Comparisons, which list and compare the results of the analysis for two or
more of the eight standard storm events available for Hypothetical Frequency
Analyses.

4, Analysis Error Messages, which lists the error messages generated during the
analysis.

Figure 12.2 illustrates the menu screen which is used to select the Hypothetical Event
Hydrologic Analysis Summaries for display or printing.
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HEA 01.01.00 MDC
Study ID SILVERCR ﬂHydrolngic finalysis Summaries H
Plan ID PLANB
fnalysis Input Summaries Event Comparisons

M. Rainfall-Runoff Data

B. Rainfall-Runoff Summary N. Maxinmnum Flous

C. Gravity Outlet Data 0. Flood Volumes

D. Pump Station Data P. Gravity Outlet Analysis

. Pump fAnalysis
R. Frequency fnalysis

fimalysis by Events

E. Rainfall-Runoff Data fAnalysis Error Messages

F. Interior/Exterior Data S. List Warning/Error Messages

G. Detailed Inflow Data

H. Detailed Outflow Data

I. Detailed Grav. Outflow Data

J. firea Flooded Data

K. Maximum Values

L. Inflouws and Dutflows
1Help ZPrtScr 3 4 5 6003 7l 8 9 10Exit

Press Letter: or use Arrou Keys and <Enter> to Select

FIGURE 12.2 Menu of Hypothetical Event Hydrologic Analysis Summaries

12.4.

HYPOTHETICAL EVENT ANALYSIS INPUT SUMMARIES

There are four Analysis Input Summaries which describe the input data for a plan
analysis:

1.

2.

3.

4.

Data Management Summary: A brief overview of the input data used for a
particular analysis.

Rainfall-Runoff Summary: A brief summary of the rainfall and runoff data used for
each of the sub-basins used in the analysis.

Gravity Outlet Data: An overview of the gravity outlets, including the type (BOX,
PIPE, TABLE), Size, Number, Invert Elevations, Length, Slope, and Gate Closure
elevations. Each screen refers to a different location (PRIMARY, SECONDARY 1,
SECONDARY 2, SECONDARY 3, SECONDARY 4), and includes the stream station
at that location.

Pump Station Data: An overview of the pump outlets, including the pump unit ID,
capacity, start and stop elevations, and the maximum total head on the pump.

Figure 12.3 illustrates the Hypothetical Event Analysis Data Management Summary,
which includes the following data values for the specified plan:

Date of Execution: The date on which the plan analysis was performed.

Module ID: The module ID for the following data sets: Basin Average Precipitation
(PRECIP), Runoff Hydrograph Parameters (RUNOFF), Interior Pond (POND), Gravity
Outlets (GRAVITY), Pump Data (PUMP), Exterior Stage (EXSTAGE), and Auxiliary
Flow (AUXFLOW).
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e Description: The 40-character description for each of the input data modules
(PRECIP, RUNOFF, POND, GRAVITY, PUMP, EXSTAGE, and AUXFLOW).

HEf 01.01.00 sumMMe3
Study ID SILVERCR ﬁ Hydrologic Analysis Sumnaries || Begin 01,0108
Plan ID PLANB End 06/2400
fi. Analysis Input Summaries — Data Management Summary
Date of Execution 29FEB1992-/2025
Module
Module Ib Description

Basin Average Precipitation [[STURM1
Runoff Hydrograph Parameters {ROMOD1

Precip. depth-duration data.
One area- same rainfall-runoff for each.

Interior Pond PONDMOD |[Matural ponding area at the primary loc.
Gravity Outlets DUTLET1 |1-48 in CMP at the primary location.
Punp Data PUMPMOD1 |1-200 CF3 PUMP

Exterior Stage EXSTAGE |Constant stage = 581.60 (unblocked)
fuxiliary Flow
1Help ZPrtScr 3 4 5 6D0S 7 8 3 10Exit

Press <F10> to Return

FIGURE 12.3 HEA Data Management Summary

Figure 12.4 illustrates the Hypothetical Event Analysis Rainfall-Runoff Summary, which
includes the following data values for the specified plan:

PRECIP Module ID and Description: The module ID and 40-character description
for the Basin Average Precipitation (PRECIP) data set. (See Chapter 3.)

RUNOFF Module ID and Description: The module ID and 40-character description
for the Runoff Hydrograph Parameters (RUNOFF) data set (See Chapter 4).

Rainfall Station ID: For Hypothetical Event Analysis, the same rainfall data is
always used for all sub-basins, so the Rainfall Station ID is simply the PRECIP
Module ID. (See Chapter 3.)

Source of Record: The method used to record or compute the rainfall data used for
each sub-basin. For Hypothetical Event Analyses, the Source of Record is always
HYPOTHETICAL for all sub-basins. {See Chapter 3.)

Basin ID: The identifier for the set of basin runoff parameters used for each sub-
basin which was included in the analysis. (See Chapter 4.)

Loss Rate Method: The computational method used to estimate the infiltration and
other losses for each sub-basin included in the analysis. The following Loss Rate
Methods are available: INITIAL-UNIFORM, SCS CURVE, HOLTAN, GREEN-AMPT,
and NONE. (See Chapter 4.)

Unit Hydrograph Method: The method used to compute or otherwise provide the
unit hydrograph for each sub-basin included in the analysis. The following Unit
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Hydrograph Methods are available: CLARK, SNYDER, SCS, and ENTER. (See
Chapter 4.)

Channel Routing ID: The identifier for the set of channel routing data used for
routing the upper sub-basin hydrograph to the interior ponding area. The Channel
Routing ID is applicable to the upper sub-basin only.

Channel Routing Method: The computational method used to route the upper
sub-basin hydrograph to the interior ponding area. The Channel Routing Method is
applicable to the upper sub-basin only. The following Channel Routing Methods are
available: MODIFIED PULS, MUSKINGUM, MUSKINGUM-CUNGE, LAG, and NONE.,
(See Chapter 4.)

HEA 01.01.00 SumMMo4
Study ID SILVERCR H Hydrologic Analysis Summaries H Begin 01,0100
Plan ID PLANB End 06,2400
B. fimalysis Input Summaries - Rainfall-Runoff Summary
PRECIP Module ID: STORM1 Precip. depth—-duration data.
. RUNOFF Module ID: ROMOD1 One area- same rainfall-runoff for each.
Louer Upper Exterior
Sub-Basin Sub-Basin Basin

Rainfall Station ID STORM1

Source of Record HYPOTHETICAL

Basin ID SILVER

Loss Rate Method INIT-UNIFDRM

Unit Hydrograph Method)| SCS

Cha
Cha

nnel Routing ID
mel Routing Method

lHelp

ZPrtScr 3 . 6D0S
Press <F10> to Return

FIGURE

Figure

12.4 HEA Rainfall-Runoff input Summary
12.5 illustrates one of the Hypothetical Event Analysis Gravity Outlet Data

sumimaries, which includes the following data values for the specified plan:

Outlet Location: The location of all of the gravity outlets (up to five) on the current
screen. The Primary outlet location is always the first to be displayed. The
Secondary 1, Secondary 2, Secondary 3, and Secondary 4 outlet locations may be
displayed, one at a time, by pressing the or keys. Pressing the key

displays the data for the previous outlet location.

River/Levee Station: The relative location of the outlet structure with respect to
distance along the receiving stream or line or protection. This station is used only
as a reference for those using HEC-IFH or viewing HEC-IFH results. It is not used
by the HEC-IFH program for any computations.

Outlet ID: The identifiers for each of the gravity outlets at the current outlet
location.
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¢ Outlet Type: The type of each of the gravity outlets at the current outlet location.
The Outlet Type is BOX or CIRCULAR for computed gravity outlet rating tables. For
gravity outlet rating tables entered by the user, the program displays the first 8
characters of the description for the Outlet Type.

¢ Opening Size: The total cross-sectional area of each of the gravity outlets at the
current outlet location. This is computed from the outlet dimensions for box or
circular culverts, and is given by the user for user-specified gravity outlet rating
tables. Since each gravity outlet may actually represent multiple instances of
identical structures, the opening size may be much greater than the cross-sectional
area of a single structure.

s No. of Identical Outlets: The number of multiple instances of identical structures
at each of the gravity outlets at the current outlet location.

e Interior Invert Elev.: The interior (land side) minimum elevation of each of the
gravity outlets at the current outlet location.

e Exterior Invert Elev.: The exterior (river side) minimum elevation of each of the
gravity outlets at the current outlet location.

e Length of Outlet: The center-line length of the culvert.

s Slope of Outlet: The slope of each of the gravity outlets at the current location, as
computed using the exterior and interior invert elevations and the length of the
outlet.

e Exterior Elev. for Gate Closure: The exterior stage elevation at which gravity flows
through the line of protection are assumed to cease, for each of the gravity outlets
at the current outlet location.

HEA 01.01.00 SumMMes
Study ID SILVERCR ﬂHydrologic Analysis Summaries ﬂ Begin 01,0100
Plan ID PLANB End 06,2400
C. fmalysis Input Summaries - Gravity Outlet Data
Outlet Location: Primary
RiversLevee Station (ni): .00
Dutlet ID 1-48CMP
Qutlet Type Circular
Dpening Size (sqgft) 12.57
No. of Identical Outlets 1
Interior Invert Elev. (ft)| 533.06
Exterior Invert Elev. (ft)] 589.008
Length of Outlet (£t) 2060 .00
Slope of Qutlet (Ft/ft) 6.620008
Exterior Elev. for Gate
Closure (ft) 0.00
iHelp ZPrtScr 3 4 5 6D0S ? 8 9 10Exit
Press <PgDn>, <Pglp> or <F10> for other locatioms: <{Esc> to Return

FIGURE 12.5 HEA Gravity Oullet Data Summary
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See Ch

apter 6 for further details on the information displayed on the Gravity Outlet Data

Summary.

Figure

12.6 illustrates the Hypothetical Event Pump Station Data summary, which

includes the following data values for the specified plan:

PUMP Module ID and Description: The module ID and 40-character description
for the Pump Data (PUMP) data set.

Pump Unit ID: The identifier for each of the pumping units available for the
analysis.

Maximum Capacity: The total maximum capacity of each of the pumping units
available for the analysis. The maximum capacity of each pumping unit is the first
capacity value entered in the pump head versus capacity table for the pumping
unit.

Pump Start Elevation: The pump start elevation entered for each of the pumping
units available for the analysis.

Pump Stop Elevation: The pump stop elevation entered for each of the pumping
unit available for the analysis.

Maximum Total Head: The highest pump head value entered in the pump head
versus capacity table for each of the pumping units available for the analysis.

HEA O
Study
Plan

iHelp

1.01.00 SuMMes
ID SILVERCR ﬂ Hydrologic finalysis Summaries ﬂ Begin 01,0100
ID PLANB End 06,2400

D. finalysis Input Summaries — Pump Station Data

PUMP Module ID PUMPMOD1 1-Z260 CFS rump

Maximum [Pump Start|Pump Stop | Maximum
Pump Punp Capacity jElevation |Elevation Total
Number || Unit 1D (cf's) (ft) £t Head (ft)
1 PUMP1 200.0 600.00 598.00 30.00
2
3
4
5
6
?
8
9
10

ZPrtScr 3 10Exit
Press <F10> to Return

FIGURE
12.5.

12.6 HEA Pump Station Data Summary
HYPOTHETICAL EVENT ANALYSIS BY EVENTS

There are eight Analysis by Events reports which list and summarize the results of the
analysis for each calculation period during the entire analysis, for a selected storm event.
The following summaries are available:
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Rainfall-Runoff Data: The Precipitation Depths, Losses, and Runoff Rate for each
of the sub-basins used in the analysis, for each timme period during the analysis.

Interior/Exterior Data: The Interior and Exterior water surface elevations, the
head (the difference between the interior and exterior elevations), and the total
inflow into the interior storage pond. The total gravity outflow rate, the total pump
outflow rate, and the total outflow rate from all sources is also listed for each time
period during the analysis.

Detailed Inflow: The inflow rate to the interior storage pond for each time period
during the analysis. The routed inflows from the upper sub-basin, direct runoff
from the lower sub-basin, lower sub-basin auxiliary inflows, and seepage inflows
are each listed.

Detailed Outflow: The outflow rate from the interior storage pond for each time
period during the analysis. The total outflows from all gravity outlets, the total
outflows from all pump outlets, the diversion, and overflow outflows are all listed.

Detailed Gravity Outflow: The outflow rate from each of the five gravity outlet
locations, along with the total gravity outflows, for each time period during the
analysis.

Area Flooded Data: The exterior and interior water surface elevations, and
resulting interior surface area flooded, at each time period during the analysis.

Maximum Values: The maximum interior elevation, interior area flooded, interior
storage volume, exterior elevation, positive head, negative head, and pump head
values recorded during the entire analysis, along with the corresponding time for
each value.

Inflows and Outflows: The maximum rate and the total volume of runoff into the
lower sub-basin, flow routed from the upper sub-basin, lower sub-basin auxiliary
inflow, seepage inflow, and total inflow during the entire analysis, along with the
corresponding time for each maximum value. The maximum rate and the total
volume of outflow from the pump outlets, the gravity outlets, diversion, overflow,
and total outflow, along with the corresponding time for each maximum value, are
also listed.

Figure 12.7 illustrates the Hypothetical Event Rainfall-Runoff Data summary for a
particular event, which includes the following data values for the specified plan:

Da/HrMn: The date and time at the end of each time interval during the storm
event. The storm event is assumed to begin at a time of zero hours and zero
minutes on Day 1 of the storm, so the first computation period ends one time
interval later. For example, the first time interval would end at 1/0015 for a 15-
minute computation interval, or 1/0100 for a 1-hour computation interval.

Precip: The incremental precipitation values for each computation interval, for
each of the sub-basins used in the analysis. These values are computed using the
hypothetical storm distributions.

Losses: The incremental precipitation loss values for each computation interval, for
each of the sub-basins used in the analysis. These values are computed using the
loss rate methods specified for each sub-basin.

Runoff: The runoff rate at the end of each computation interval, for each of the
sub-basins used in the analysis. These values are computed using the incremental
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rainfall excess values (precipitation minus losses) and the unit hydrograph for each
sub-basin.

When this summary screen appears, no storm event is selected and all values are
displayed as zeroes. Use the left or right arrow keys to move to the desired storm event,
then press the space bar to select it. The values for the selected storm event are then
displayed. Repeat this procedure to display the results for a different storm event.

Pressing the Goto key instructs HEC-IFH to move directly to any specified time

interval in the time series. Pressing the Report key causes the entire summary to be
printed.

HEA 61.01.00 sumnoz
Study ID SILUVERCR " Hydrologic Analysis Summaries H

Plan ID PLANB

E. fimalysis by Events - Rainfall-Runoff Data
AU 50 200 10v 1421 22 1x 0.22. SPF

Lower Sub-basin Upper Sub-basin Exterior Basin
Precip {Losses| Runoff cip|Losses| Bunoff }Precip{Losses| Runoff
DasHeMnll (in) | C(in) {cfs) || Gim) | Cin) (cfs) || Gin) | Cim) (cfs)
8.04] 0©0.04 .} 0.08| 0.0 8.]| o.60} 0.00 8.
0.04] 0.04 50.|| 0.6} 0.00 0.]] 6.60] ©.00 0.
0.05| 0.04 52.%1 0.0} 0.00 0.|] ©0.00] 0.00 a.
0.05| 0.685 56.|| 0.00] 0.00 6.4 0.00] 0.60 0.
8.06] 0.95 0.00] 0.00 0.} 0.00] 0.00 0.
9.06] 0.06 0.60 8.l 0.6 ©0.00 8.
0.]] 0.e6] ©.00 0.
Select Option: 0. 0.08}] ©.00 0.
6.y 6.08] 0.00 9.
6. o.e0; o.00 0.
B. Plot Upper Sub-Basin Rainfall-Runeoff 0. . . 0

C. Plot Exterior Basin Rainfall-Runoff

Position with <PgDn>, <Pgip>, <Dn>, <Up>, <Home>, <End>

FIGURE 12.7 Summary of Rainfall-Runoff Data for Hypothetical Event

The [F9] Plot key causes the HEC-IFH program to display a menu of available plots, as

Figure 12.7 illustrates. Three different plots are available: one for each of the sub-basins.
Figure 12.8 illustrates one of these plots. As shown, the rainfall and loss values are plotted
down from the upper edge of the plot according to the "Total Depth" axis on the right. The
runoff values are plotted up from the lower edge of the plot according to the "Discharge”
axis on the left.

If the selected plan analysis period extends over more than 24 hours, these plots will
initially display the entire duration of the plan analysis (up to 99 days). Pressing the down-
arrow key "zooms" to a one-day plot. From the one-day plot, the left-arrow and right-arrow
keys "pan” to plots of different days, if available. The zoom and pan plot options are
described in Chapter 2.
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FIGURE 12.8 Plot of Rainfall-Runoff Data for Hypothetical Event

Figure 12.9 illustrates the Hypothetical Event Interior-Exterior Data summary for a
particular event, which includes the following data values for the specified plan:

Da/HrMn: The date and time at the end of each time interval during the storm
event. The storm event is assumed to begin at a time of zero hours and zero
minutes on Day 1 of the storm, so the first computation period ends one time
interval later. For example, the first time interval would end at 1/0015 for a 15-
minute computation interval, or 1/0100 for a 1-hour computation interval,

Interior Elev.: The computed water surface elevation in the interior ponding area
at the end of each computation interval.

Exterior Elev.: The water surface elevation in the exterior channel at the end of
each computation interval,

Head: The computed differential head between the water surface elevations in the
interior ponding area and the exterior channel, at the end of each computation
interval. The differential head is positive when the interior elevation is higher.

Total Inflow: The total computed rate of inflow into the interior ponding area at the
end of each computation interval. The total inflow includes the direct runoff from
the lower sub-basin, the routed flows from the upper sub-basin, lower sub-basin
auxiliary inflows, and seepage inflows, if applicable.

Gravity Outflow: The total computed rate of outflow from all gravity outlet
locations at the end of each computation interval.

Pump Outflow: The total computed rate of discharge from all pumping units at the
end of each computation interval.
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e Total OQutflow: The total computed rate of outflow from the interior ponding area at
the end of each computation interval. The total outflow includes gravity outflow,
pump outflow, and overflows. Diversion outflow is not included, because it does not
originate from the interior ponding area.

When this summary screen appears, no stormm event is selected and all values are
displayed as zeroes. Use the left or right arrow keys to move to the desired storm event,
then press the space bar to select it. The values for the selected storm event are then
displayed. Repeat this procedure to display the results for a different storm event.

Pressing the Goto key instructs HEC-IFH to move directly to any specified time

interval in the time series. Pressing the Report key causes the entire summary to be
printed.

HEA 01.01.00 SumMMz?
Study ID SILVERCR H Hydrologic Analysis Summaries H
Plan ID PLANB
F. Analysis by Events - Interior-/Exterior Data
AT 50, 20 102 [44] 2 12 0.22 SPF
Interior {Exterior Total § Gravity Punp |* Total
Eleu, Elev. Head Inflow || Outflow | Outflow | Outflow
DasHrMn)l (ft) ft) el (cfs) (cfs) (cf's) (cfs)
593.95| 581.00 50. 6.9 0.6 6.9
594.54| 5B1.00 15.6 0.0 15.6
594.86| 581.00 21.9 6.0 21.9
595.09] 5B1.00 26.7 0.0 26.7
595.24] 581.00 30.1 0.0 30.1
595.36] 5B1.00 32.9 8.0 32.9
35.4 6.0 35.4
Select Option: 37.8 0.0 37.8
; 46.3 6.0 40.3
43.4 00|  43.4
B. Plot Differential Head 48.4 0.0 .
C. Plot Total Inflow and Total Outflow
D. Plot Gravity and Pump Outf low
Position with <Pgbn>, <Pglip>, <Dn>, <Up>, <Home>, <End>

FIGURE 12.9 Summary of interior/Exterior Data for Hypothetical Event
The [Fg] Plot key causes the HEC-IFH program to display a menu of available plots, as
Figure 12.9 illustrates. Four different plots are available:

1. Interior and Exterior Elevations, as illustrated in Figure 12.10.

2. Differential Head, as illustrated in Figure 12.11.

3. Total Inflow and Total Outflow, as illustrated in Figure 12.12.

4. Gravity and Pump Outflow, as illustrated in Figure 12.12.

If the plan analysis period extends over more than 24 hours, these plots will initially
display the entire duration of the plan analysis (up to 99 days). The down-arrow key
"zooms" to a one-day plot. From the one-day plot, the left-arrow and right-arrow keys "pan"”
to plots of different days, if available. The zoom and pan plot options are described in
Chapter 2.
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FIGURE 12.10 Plot of Interior and Exterior Elevations for Hypothetical Event
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FIGURE 12.11 Plot of Differential Head for Hypothetical Event
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FIGURE 12.12 Piot of Inflow and Outflow for Hypothetical Event
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FIGURE 12.13 Plot of Ouiflows for Hypothetical Event
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Figure 12.14 illustrates the Hypothetical Event Detailed Inflow summary for a particular
event, which includes the following data values for the specified plan:

e Da/HrMn: The date and time at the end of each time interval during the storm
event. The storm event is assumed to begin at a time of zero hours and zero
minutes on Day 1 of the storm, so the first computation period ends one time
interval later. For example, the first time interval would end at 1/0015 for a 15-
minute computation interval, or 1/0100 for a 1-hour computation interval.

e Upper Routed: The computed flow rates of the hydrograph routed from the upper
sub-basin at the end of each computation interval. See Chapter 4.

e Lower Runoff: The computed flow rates of the runoff hydrograph from the lower
sub-basin at the end of each computation interval. Chapter 4 provides further
details.

¢ Auxiliary: The computed flow rates of the auxiliary inflow hydrograph at the
interior ponding area at the end of each computation interval. Auxiliary inflow is
described in Chapter 9.

+ Interior Inflow: The total computed rate of interior inflow into the interior ponding
area at the end of each computation interval. The interior inflow includes the direct
runoff from the lower sub-basin, the routed flows from the upper sub-basin, and
lower sub-basin auxiliary inflows, if applicable. Seepage inflow is from the exterior
and is not included.

e Seepage: The total computed rate of seepage inflow into the interior ponding area
at the end of each computation interval. Seepage is described in Chapter 9.

e Total: The total computed rate of inflow to the interior ponding area at the end of
each computation interval. The total inflow includes the direct runoff from the
lower sub-basin, the routed flows from the upper sub-basin, auxiliary inflows, and
seepage inflow, if applicable.

When this summary screen appears, no stormm event is selected and all values are
displayed as zeroes. Use the left or right arrow keys to move to the desired storm event,
then press the space bar to select it. The values for the selected storm event are then
displayed. Repeat this procedure to display the results for a different storm event.

Pressing the Goto key instructs HEC-IFH to move directly to any specified time

interval in the time series. Pressing the Report key causes the entire summary to be
printed.

The [Fg] Plot key causes the HEC-IFH program to display a plot of inflows, as Figure 12.15

illustrates. If the plan analysis period extends over more than 24 hours, this plot will
initially display the entire duration of the plan analysis (up to 99 days). The down-arrow
key "zooms" to a one-day plot. From the one-day plot, the left-arrow and right-arrow keys
"pan” to plots of different days, if available. More zoom and pan plot options are described
in Chapter 2.
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HEA 01.01.00 suMMz28
Study IP SILUVERCR H Hydrologic Analysis Summaries “
Plan ID PLANB
G. Analysis by Events — Detailed Inflou (cfs)
TSN S50 200 10x [42]1 2 1x 8.2~ SPF
" Upper Lower Interior
DasHrMn|| Routed Runoff |[Auxiliary Inf low Seepage Total
1-0100 0.0 50.5 0.0 56.5 0.0 50.5
10200 8.8 50.5 0.0 56.5 0.0 50.5
1,03006 0.8 52.2 6.6 52.2 6.0 52.2
1,0400 9.0 55.7 0.0 55.7 8.0 55.7
1,050 0.0 60.4 0.0 60.4 0.0 60.4
10600 6.0 65.8 6.0 65.8 6.0 65.8
1,0700 8.0 71.2 6.0 ?1.2 0.0 1.2
1,0860 8.0 76.6 0.6 76.6 0.0 76.6
1,0960 6.0 85.9 0.0 85.9 8.0 85.9
1,1000 8.0 116.3 0.0 116.3 9.0 116.3
1-1100 0.0 193.8 6.0 193.8 0.0 193.8
1,1260 8.0 363.1 6.0 363.1 0.0 363.1
1/1300" 0.6 846.3 0.0 846.3 8.6 846.3
1Help ZPrtScr 3¢ 4Goto SReport 6D0S 7 8 9P lot 10Exit

Press SPACE to select: Position with <PgDn>, <PgUp>, <Pn>, <Up>, <Home>, <End>

FIGURE 12.14 Summary of Detailed Inflow Data for Hypothetical Event
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FIGURE 12.15 Plot of Detailed Inflow Data for Hypothetical Event
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Figure 12.16 illustrates the Hypothetical Event Detailed Outflow summary for a particular
event, which includes the following data values for the specified plan:

e Da/HrMn: The date and time at the end of each time interval during the storm
event. The storm event is assumed to begin at a time of zero hours and zero
minutes on Day 1 of the storm, so the first computation period ends one time
interval later. For example, the first time interval would end at 1/0015 for a 15-
minute computation interval, or 1/0100 for a 1-hour computation interval.

e Total Gravity: The total computed rate of outflow from all gravity outlets at the end
of each computation interval. See Chapter 6.

e Pump: The total computed rate of discharge from all pumping units at the end of
each computation interval. See Chapter 7.

e Diversion: The computed rate of discharge from diversion at the end of each
computation interval. Diversions are assumed to apply to the upper interior sub-
basin, so diversion outflows are not directly comparable to other outflows, which
apply to the interior ponding area (which is in the lower interior sub-basin). See
Chapter 9 for further details.

e Overflow: The computed rate of overflow from the interior ponding area at the end
of each computation interval. See Chapter 9.

e Total Outflow: The total computed rate of outflow from the interior ponding area at
the end of each computation interval. The total outflow includes gravity outflow,
pump outflow, and overflows. Diversion outflow is not included, because it does not
originate from the interior ponding area.

When this summary screen appears, no storm event is selected and all values are
displayed as zeroes. Use the left or right arrow keys to move to the desired storm event,
then press the space bar to select it. The values for the selected storm event are then
displayed. Repeat this procedure to display the results for a different storm event.

Pressing the Goto key instructs HEC-IFH to move directly to any specified time

interval in the time series. Pressing the Report key causes the entire summary to be
printed.

The [F9] Plot key causes the HEC-IFH program to display a plot of outflows, as Figure 12.17

illustrates. If the plan analysis period extends over more than 24 hours, this plot will
initially display the entire duration of the plan anslysis (up to 99 days). The down-arrow
key "zooms" to a one-day plot. From the one-day plot, the left-arrow and right-arrow keys
"pan” to plots of different days, if available. More zoom and pan plot options are described
in Chapter 2.
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HEA 01.01.00 SuMMZ9
Study ID SILUVERCR H Hydrologic Analysis Summaries H
Plan ID PLANB
H. Analysis by Events — Detailed Outflow (cfs)
INTUSH M S50 2002 102 (441 2 1+ 0.2 SPF
Total
DasHrMn|l Gravity Punp Diversion| Overflouw|| Total =
1,0100 6.9 0.9 0.0 0.0 6.9
1,6200 15.6 0.0 0.0 6.0 15.6
1,0300 21.9 8.0 6.0 0.0 21.9
1,/6400 26.7 0.0 0.0 0.0 26.7
1,0500 Jo.1 0.9 0.0 0.0 30.1
1,0600 32.9 6.0 0.0 0.0 32.9
1,87060 35.4 8.6 0.0 0.9 35.4
10800 37.8 6.0 0.0 6.0 37.8
10900 40.3 0.0 0.0 0.0 10.3
11000 43 .4 0.8 0.0 0.0 43 .4
1-1100 48.4 0.0 0.0 0.0 18.4
1/1200 57.2 0.0 0.0 6.8 57.2
»* Note: Diversion is not part of Total Pond Outf low )
1He lp ZPrtScr 3 4Goto SReport 6D0S e 8 9F lot 10Exit

Press SPACE to select: Position with <PgDn>, <Pglp>., <Dn>,

<Up>, <Home>, <End>

FIGURE 12.16 Summary of Detailed Outflow Data for Hypothetical Event
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FIGURE 12.17 Plot of Detailed Oulfiows for Hypothetical Event
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Figure 12.18 illustrates the Hypothetical Event Detailed Gravity Outflow summary for a
particular event, which includes the following data values for the specified plan:

e Da/HrMn: The date and time at the end of each time interval during the storm
event. The storm event is assumed to begin at a time of zero hours and zero
minutes on Day 1 of the storm, so the first computation period ends one time
interval later. For example, the first time interval would end at 1/0015 for a 15-
minute computation interval, or 1/0100 for a 1-hour computation interval.

e Primary: The total computed rate of outflow from all the gravity outlets at the
Primary outlet location at the end of each computation interval.

s Sec. 1. The total computed rate of outflow from all the gravity outlets at the
Secondary 1 outlet location at the end of each computation interval.

e Sec. 2: The total computed rate of outflow from all the gravity outlets at the
Secondary 2 outlet location at the end of each computation interval.

e Sec. 3: The total computed rate of outflow from all the gravity outlets at the
Secondary 3 outlet location at the end of each computation interval.

e Sec. 4: The total computed rate of outflow from all the gravity outlets at the
Secondary 4 outlet location at the end of each computation interval.

¢ Total: The total computed rate of outflow from all gravity outlets at the end of each
computation interval.
When this summary screen appears, no storm event is selected and all values are
displayed as zeroes. Use the left or right arrow keys to move to the desired storm event,
then press the space bar to select it. The values for the selected storm event are then
displayed. Repeat this procedure to display the results for a different storm event.

Pressing the Goto key instructs HEC-IFH to move directly to any specified time

interval in the time series. Pressing the Report key causes the entire summary to be
printed.

The [F9] Plot key causes the HEC-IFH program to display a plot of gravity outflows, as

Figure 12.17 illustrates. If the plan analysis period extends over more than 24 hours, this
plot will initially display the entire duration of the plan analysis (up to 99 days). The down-
arrow key "zooms" to a one-day plot. From the one-day plot, the left-arrow and right-arrow
keys "pan” to plots of different days, if available. More zoom and pan plot options are
described in Chapter 2.
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HEA 01.61.00

Study ID SILUVERCR

SuMM3oe

“ Hydrologic Analysis Summaries ﬂ

Plan ID PLANB
I. falysis by Events — Detailed Gravity Dutflow (cfs)
IO 502 20 102 [42) 22 1x 6.22 SPF
Da/Han"Prinarg Sec. 1 Sec. 2 Sec. 3 Sec. 4 "AiTotal
1,0100 6.9 6.9 0.0 0.0 0.9 6.9
1,0200 15.6 0.9 0.0 8.0 6.0 15.6
10306 21.9 8.0 0.0 0.0 0.0 Z21.9
10400 26.7 0.0 0.0 0.0 0.0 26.7
1,0560 3o.1 .0 0.9 0.0 0.0 30.1
1/0600 32.9 0.9 8.0 0.0 0.0 32.9
1,0700 35.4 0.0 0.0 6.0 6.0 35.4
1,0800 37.8 6.8 6.0 6.0 8.0 37.8
10908 48.3 0.0 6.0 0.0 0.8 40.3
1,1060 43.4 6.0 0.0 0.0 6.0 43 .4
11100 18.4 8.9 0.0 0.0 8.0 18.4
1,/1206 57.2 6.0 8.0 0.0 0.0 57.2
1-1360 74.1 0.6 6.0 0.0 6.0 4.1
1,140 95.9 0.0 0.6 6.0 e.e 95.9
1He lp ZPrtSer 3 4Goto SReport 6D0S ? g 3Plot 10Exit

Press SPACE to select: Position with <PgDn>, <PgUp>, <Dn>, <Up>, <Home>, <End>

FIGURE 12.18 Summary of Detailed Gravity Outflow Data for Hypothetical Event
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FIGURE 12.19 Plot of Detailed Gravity Outflow Data for Hypothetical Event
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Figure 12.20 illustrates the Hypothetical Event Area Flooded Data summary for a
particular event, which includes the following data values for the specified plan:

Da/HrMn: The date and time at the end of each time interval during the storm
event. The storm event is assumed to begin at a time of zero hours and zero
minutes on Day 1 of the storm, so the first computation period ends one time
interval later. For example, the first time interval would end at 1/0015 for a 15-
minute computation interval, or 1/0100 for a 1-hour computation interval.

Exterior Elevation: The water surface elevation in the exterior channel at the end
of each computation interval.

Interior Elevation: The computed water surface elevation in the interior ponding
area at the end of each computation interval.

Area Flooded: The computed surface area of the interior ponding area at the end of
each computation interval.

Pond Stor. Volume: The computed storage volume of the interior ponding area at
the end of each computation interval.

When this summary screen appears, no storm event is selected and all values are
displayed as zeroes. Use the left or right arrow keys to move to the desired storm event,
then press the space bar to select it. The values for the selected storm event are then
displayed. Repeat this procedure to display the results for a different storm event.

Pressing the Goto key instructs HEC-IFH to move directly to any specified time

interval in the time series. Pressing the Report key causes the entire summary to be
printed.

HEA 01.01.00

iHelp

SUMM31
Study ID SILUERCR [ Hydrologic Analysis Summaries “
Plan ID PLANB
J. finalysis by Events - Arca Flooded Data
IXUC N S0 2002 102 [44]1 2 1z 0.2« SPF
Exterior Interior firea Pond Stor.
Elevation Elevation Flooded Volume
Da~Hrln ft) (£Ft) (ac) Cac—ft)

1,6100 581.08 593.95 3.8 1.9

1/0260 581.00 594 .54 7.2 5.0

1,0300 581.00 594 .86 9.2 ?.?

1,6400 581.00 595.09 13.7 190.1

10560 581.00 995.24 19.6 12.5

1./8660 581.06 595.36 24.3 15.2

1,-96700 581.00 595.47 Z28.6 18.0

1,0800 581.00 5995.57 32.7 21.1

1,/6960 581.00 595.67 3.7 24.6

11000 581.00 595.79 41.7 29.5

11160 581.08 595.99 49.6 38.5

11260 581.00 596 .33 59.9 5?.2

ZPrt3cr 3 4Goto SReport 6D0OS 7 8 9P lot 10Exit

Press SPACE to select: Position with <PgDn>, <Pglp>, <Dn>, <Up>, <Home>, <End>

FIGURE 12.20 Summary of Area Flooded Data for Hypothetical Event

The [F9] Plot key causes the HEC-IFH program to display a plot of interior area flooded, as

Figure 12.21 illustrates. If the plan analysis period extends over more than 24 hours, this
plot will initially display the entire duration of the plan analysis (up to 99 days). The down-
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arrow key "zooms" to a one-day plot. From the one-day plot, the left-arrow and right-arrow
keys "pan” to plots of different days, if available. More zoom and pan plot options are

described in Chapter 2.
INTERIOR AREA FLOODED
SILUERCR 4/ PLANB
—RARER

Surface Area (ac)

1988 . r . r . T . T v ;
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FIGURE 12.21 Plot of Area Flooded Data for Event

Figure 12.22 illustrates the Hypothetical Event Maximum Values summary for a
particular event, which includes the following data values for the specified plan:

Interior Elevation: The maximum computed water surface elevation in the interior
ponding area during the analysis.

Interior Area Flooded: The maximum computed surface area of the interior
ponding area during the analysis.

Interior Storage: The maximum computed storage volume of the interior ponding
area during the analysis.

Exterior Elevation: The maximum water surface elevation in the exterior channel
during the analysis.

Positive Head: The maximum computed positive differential head between the
water surface elevations in the interior ponding area and the exterior channel,
during the analysis. The differential head is positive when the interior elevation is
higher.

Negative Head: The maximum computed negative differential head between the
water surface elevations in the interior ponding area and the exterior channel,
during the analysis. The differential head is negative when the exterior elevation is
higher.
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e Pump Head: The maximum computed static pump head between the water surface
elevations in the exterior channel and the interior ponding area, during a
computation interval in which at least one of the pumping units operated.

For each of the maximum values listed in this table, the corresponding Da/HrMn value is
the date and time at the end of each time interval in which the maximum conditions
occurred during the storm event. The storm event is assumed to begin at a time of zero
hours and zero minutes on Day 1 of the storm, so the first computation period ends one
time interval later. For example, the first time interval would end at 1/0015 for a 15-
minute computation interval, or 1/0100 for a 1-hour computation interval.

When this summary screen appears, no storm event is selected and all values are
displayed as zeroes. Use the left or right arrow keys to move to the desired storm event,
then press the space bar to select it. The values for the selected storm event are then
displayed. Repeat this procedure to display the results for a different storm event.

Pressing the Goto key instructs HEC-IFH to move directly to any specified time

interval in the time series. Pressing the Report key causes the entire summary to be
printed.

HEA 01.01.08 suMM3z2
Study ID SILVERCR [ Hydrologic Analysis Summaries ﬂ
Plan ID PLANB
K. finalysis by Events — Maximum Values
AT S0 200 10« (441 22 1 9.2»  SPF
Maxinum
Value Da/HrMn
Interior Elevation (ft) 604 .78 2,2100
Interior Area Flooded (ac) 898.3 2,2100
Interior Storage (ac—{ft) 2684.8 2,2100
Exterior Elevation (ft) 581.006 1,0100
Positive Head (ft) 23.78 22,2100
Negative Head (ft) 12.00 10100
Pump Head (£t 0.00
1Help ZPrtScr 3 4 S 6D0S 7 8 9 10Exit
Press SPACE to select: Press <F106> to Return

FIGURE 12.22 Summary of Maximum Values for Hypothetical Event

Figure 12.23 illustrates the Hypothetical Event Inflows and Outflows summary for a
particular event, which includes the following data values for the specified plan:

¢ Routed from Upper: The maximum computed flow rate and total volume of the
hydrograph routed from the upper sub-basin during the analysis. See Chapter 4.

e Runoff from Lower: The maximum computed flow rate and total volume of the
runoff hydrograph from the lower sub-basin during the analysis. See Chapter 4.

¢ Lower Auxiliary: The maximum flow rate and total volume of the auxiliary inflow
hydrograph at the interior ponding area during the analysis. See Chapter 9.
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e Total Interior: The maximum total computed flow rate and total volume of interior
inflow into the interior ponding area during the analysis. The interior inflow
includes the direct runoff from the lower sub-basin, the routed flows from the
upper sub-basin, and auxiliary inflows, if applicable. Seepage inflow is from the
exterior and is therefore not included.

e Seepage: The maximum computed rate and total volume of seepage inflow into the
interior ponding area during the analysis. Seepage is described in Chapter 9.

« Total Inflow: The maximum total computed rate and total voluine of inflow to the
interior ponding area during the analysis. The interior inflow includes the direct
runoff from the lower sub-basin, the routed flows from the upper sub-basin,
auxiliary inflows, and seepage inflow, if applicable.

e Pump: The maximum total computed rate of discharge and the total discharge
volume from all pumping units during the analysis. See Chapter 7.

e Gravity Outlet: The maximum total computed rate of outflow and the total outflow
volume from all gravity outlets during the analysis. See Chapter 6.

e Diversion: The maximum computed rate of discharge and the total discharge
volume from diversion during the analysis. Diversions apply to the upper interior
sub-basin, so diversion outflows are not directly comparable to other outflows,
which apply to the interior ponding area (which is in the lower interior sub-basin).
See Chapter 9 for further details.

o Overflow: The maximum computed rate of outflow and the total outflow volume as
a result of overflows from the interior ponding area at during the analysis.

¢ Total Outflow: The maximum total computed rate of outflow and the total outflow
volume from the interior ponding area during the analysis. The total outflow
includes gravity outflow, pump outflow, and overflows. Diversion outflow is not
included, because it does not originate from the interior ponding area.

For each of the maximum values listed in this table, the corresponding Da/HrMn value is
the date and time at the end of each time interval in which the maximum conditions
occurred during the storm event. The storm event is assumed to begin at a time of zero
hours and zero minutes on Day 1 of the storm, so the first computation period ends one
time interval later. For example, the first time interval would end at 1/0015 for a 15-
minute computation interval, or 1/0100 for a 1-hour computation interval.

When this summary screen appears, no storm event is selected and all values are
displayed as zeroes. Use the left or right arrow keys to move to the desired storm event,
then press the space bar to select it. The values for the selected storm event are then
displayed. Repeat this procedure to display the results for a different storm event.

Pressing the Goto key instructs HEC-IFH to move directly to any specified time

interval in the time series. Pressing the Report key causes the entire summary to be
printed.

247



CHAPTER 12: HEA Hydrologic Analysis Summaries Interior Flood Hydrology (HEC-IFH) User's Manual

HEA 01.01.00 SumMM33
Study ID SILUERCR ﬂijdrologic Analysis Sumnaries ]
Plan 1D PLANB
L. Analysis by Events — Inflous and Outf lows
AU 502 2002 102 [421 22 1 0.2 SPF
Flous Max. Ualue Total Volume
(cfs) Day/HrMn (ac—ft)
Inf low Routed from Upper 0.8 0.9
Bunoff from Louwer 4164.1 1-1860 4624 .9
Louwer Auxiliary 6.0 0.0
Total Interior 4164.1 1,18060 4624 .9
Seepage 0.9 0.8
Total 4164.1 1,1800 4624 .9
Outf low Punmp 199.3 11600 2125.1
Gravity Outlet 176.9 22,2100 1853.6
s*Diversion } 0.9 0.9
Ouerf low i 0.9 0.6
»Total ‘ 376.2 2,2100 3978.7
2% Diversion is not part of total POND ocutflow.
1Help ZPrtScr 3 4 S 6D0S d 8 9 10Exit
Press SPACE to select: Press <F10> to Return

FIGURE 12.23 Summary of Inflows and Outfiows for Hypothetical Event

12.6. HYPOTHETICAL EVENT ANALYSIS EVENT COMPARISONS
There are six Event Comparisons which compare the results of analyses of all eight
hypothetical flood events:

1. Rainfall-Runoff Data: The total Precipitation Depth, Losses, and Peak Runoff Rate
for both sub-basins for each hypothetical flood event.

2. Maximum Flows: The maximum routed upper sub-basin inflow, total interior
inflow, and seepage inflow rates for each hypothetical flood event. The maximum
gravity, pump, diversion and overflow outflow rates are also listed.

3. Flood Volumes: The total routed upper sub-basin inflow, total interior inflow, and
seepage inflow volumes for each hypothetical flood event. The maximum gravity,
pump, diversion and overflow outflow volumes are also listed for each hypothetical
flood event.

4, Gravity Outlet Analysis: The total outflow volume for each of the gravity outlets,
along with the total days in which any of gravity outlets at the primary location
were blocked during the analysis, for each hypothetical flood event.

5. Pump Analysis: The total pump capacity, the number of pumps, the pump start
and stop elevations, the total hours pumped, and the pump energy expended
during the analysis, for each hypothetical flood event.

6. Frequency Analysis: The maximum interior elevation, the maximum interior area

flooded, and the maximum total interior inflow computed during the analysis, for
each hypothetical flood event.

Figure 12.24 illustrates the Hypothetical Event Rainfall-Runoff Data summary, which
includes the following data values for the specified plan:

Total Precip: The total depth of precipitation applied to each of the sub-basins
used during the analysis, for each hypothetical flood event. See Chapter 4.
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e Total Losses: The total depth of losses subtracted from the total precipitation in
each of the sub-basins used during the analysis, for each hypothetical flood event.
See Chapter 4.

e Peak Runoff: The maximum computed flow rate of the runoff hydrograph for each
of the sub-basins used during the analysis, for each hypothetical flood event. See
Chapter 4.

The rainfall-runoff data summary also shows the Type of Series, which is an indicator of
whether the interior basin precipitation computations were performed on the basis of
ANNUAL series or PARTIAL duration series frequency. The Storm Area is also displayed.
This is the total area over which the interior basin storm event occurred, as specified in the
Precipitation Module {Chapter 3).

The [Fo] Plot key causes the HEC-IFH program to display a menu of available plots. Three

different plots are available: one for each of the sub-basins. Figure 12.25 illustrates one of
these plots. This probability-scaled plot shows the relationship between peak runoff rate
~and storm frequency.

The Standard Project Flood (SPF) runoff rate is depicted on each plot using a horizontal
line segment, because the frequency of the SPF is not defined.

HEA 01.61.00 SumMM34
Study ID SILUERCR “ Huydrologic Analysis Summaries B
Plan ID PLANB
M. Event Comparisons — Rainfall-Runoff Data
ANNUAL series Storm Area: 15.60 (sq mi)
Lower Sub-Basin Upper Sub-Basin Exterior Basin
Total| Total Peak Total}] Total Peak Total] Total Peak
Precip{Losses| Runoff ecip]losses| Runoff |Precip]losses| Runoff
Event ¢in) (in) (cfs) Cin) {in) (cfs) (inl Cin) (cfs)
50~ 2.4 9.6 2240. 0.0 0.9 o, 0.0 6.0 8.
20 3.3 9.7 2978. 6.0 0.0 8. 0.9 0.0 0.
10 3.9 8.7 3554. 8.0 0.0 9. 0.0 6.0 0.
74 4.5 0.7 4164. 6.0 0.9 0. 0.0 0.0 8.
2 5.1 8.? 4657. 0.0 0.0 . 0.0 0.0 0.
1 5.6 e.? 5195. 8.0 6.8 8. 6.0 0.0 8.
8.2~ 6.1 0.7 5804. 8.0 ©.0 6. 6.0 0.6 .
SPS 12.8 1.2] 10382. 8.0 8.0 8. 0.8 6.9 8.
1Help ZPrtScr 3 4 =3 6D0S s 8 SPlot 10Exit

Press <F10> to Return

FIGURE 12.24 Summary of Rainfall-Runoff Data Event Comparison
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FIGURE 12.25 Plot of Rainfall-Runoff Data Event Comparison

Figure 12.26 illustrates the Hypothetical Event Maximum Flows summary, which
includes the following data values for the specified plan:

Upper Routed: The maximum computed flow rate of the hydrograph routed from
the upper sub-basin during the analysis, for each hypothetical flood event. See
Chapter 4.

Interior Total: The maximum total computed rate of interior inflow into the interior
ponding area during the analysis, for each hypothetical flood event. The interior
inflow includes the direct runoff from the lower sub-basin, the routed flows from
the upper sub-basin, and auxiliary inflows, if applicable. Seepage inflow is from the
exterior and is not included.

Seepage: The maximum computed rate of seepage inflow into the interior ponding
area during the analysis, for each hypothetical flood event. Seepage is described in
Chapter 9.

Gravity: The maximum total computed rate of outflow from all gravity outlets
during the analysis, for each hypothetical flood event. See Chapter 6.

Pump: The maximum total computed rate of discharge from all pumping units
during the analysis, for each hypothetical flood event. See Chapter 7.

Diversion: The maximum computed rate of discharge from diversion during the
analysis, for each hypothetical flood event. Diversions apply to the upper interior
sub-basin, so diversion outflows are not directly comparable to other outflows,
which apply to the interior ponding area (which is in the lower interior sub-basin).
See Chapter 9 for further details.
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e Overflow: The maximum computed rate of outflow as a result of overflows from the
interior ponding area during the analysis, for each hypothetical flood event.

The summary also shows the Type of Series, which is an indicator of whether the interior
basin precipitation computations were performed on the basis of ANNUAL series or
PARTIAL duration series frequency. The Storm Area is also displayed. This is the total
area over which the interior basin storm event occurred, as specified in the Precipitation
Module {Chapter 3).

HEA 61.601.00 SumMM35
Study ID SILUERCR H Hydrologic Analysis Summaries H
Plan ID PLANB
N. Event Comparisons — Maximum Flouws (cfs)
ANNUAL series Storm fAirea: 15.68 (sgq mi)
Inf lou Outf low
Upper Interior
Event Routed Total = Seepage]] Gravity Pump Diversion|Overf low
50~ 0.0 2240.3 6.0 157.3 199.3 6.6 0.9
207 6.0 2978.1 8.9 166 .6 199.3 0.0 0.0
10 0.0 3554.5 8.0 172.2 199.3 0.0 0.0
4 0.0 4164 .1 6.0 176.9 199.3 0.6 0.0
2~ 0.0 4657 .6 0.0 186.6 199.3 0.0 6.0
1~ 0.0 5194.9 0.9 183.6 199.3 6.0 0.0
—— 5804.1 8.0 186.5 199.3 0.0 0.0
Select Option 10381.9 6.0 204 .2 199.3 0.0 9.0
A. Plot Inflous pr Inflow includes Routed, Lower Rumoff and Auxiliary,

B. Plot Outf lous include Seecpage.

10Exit

Press <F10> to Return

FIGURE 12.26 Summary of Maximum Flows Event Comparison

The [Fo] Plot key causes the HEC-IFH program to display a menu of available plots. Two
different plots are available: Inflows and Outflows. Figure 12.27 is a probability-scaled plot
showing the relationship between peak inflow rates and storm frequency. Figure 12.28 is a
similar plot showing peak outflow rates versus storm frequency. On a computer monitor
with color display capabilities, each type of inflow or outflow is displayed using a different
color.

The Standard Project Flood (SPF) flow rates are depicted on the plots using a horizontal
line segment, because the frequency of the SPF is not defined.
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FIGURE 12.27 Piot of Maximum Inflows Event Comparison
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FIGURE 12.28 Plot of Maximum Outflows Event Comparison
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Figure 12.29 illustrates the Hypothetical Event Flood Volumes summary, which includes
the following data values for the specified plan:

o Upper Routed: The total computed volume of the hydrograph routed from the
upper sub-basin during the analysis, for each hypothetical flood event. See Chapter
4,

e Interior Total: The total computed volume of interior inflow into the interior
ponding area during the analysis, for each hypothetical flood event. The interior
inflow volume includes the direct runoff from the lower sub-basin, the routed flows
from the upper sub-basin, and auxiliary inflows, if applicable. Seepage inflow
volume is from the exterior and is not included.

s Seepage: The total computed volume of seepage inflow into the interior ponding
area during the analysis, for each hypothetical flood event. Seepage is described in
Chapter 9.

* Gravity: The total computed volume of outflow from all gravity outlets during the
analysis, for each hypothetical flood event. See Chapter 6.

e Pump: The total computed volume of discharge from all pumping units during the
analysis, for each hypothetical flood event. See Chapter 7.

e Diversion: The total computed volume of discharge from diversion during the
analysis, for each hypothetical flood event. Diversions apply to the upper interior
sub-basin, so diversion outflows are not directly comparable to other outflows,
which apply to the interior ponding area (which is in the lower interior sub-basin).
See Chapter 9 for further details.

e Overflow: The total computed volume of outflow as a result of overflows from the
interior ponding area during the analysis, for each hypothetical flood event.

The summary also shows the Type of Series, which is an indicator of whether the interior
precipitation computations were performed on the basis of ANNUAL series or PARTIAL
duration series frequency. The Storm Area is also displayed. This is the total area over
which the interior basin storm event occurred, as specified in the Precipitation Module
(Chapter 3).

The [F9] Plot key causes the HEC-IFH program to display a menu of available plots. Two
different plots are available: Inflow Volume and Outflow Volume. Figure 12.30 is a
probability-scaled plot showing the relationship between inflow volumes and storm
frequency. Figure 12.31 is a similar plot showing outflow volumnes versus storm frequency.
On a computer monitor with color display capabilities, each type of inflow or outflow
volume is displayed using a different color.

The Standard Project Flood (SPF) volumes are depicted on the plots using a horizontal line
segment, because the frequency of the SPF is not defined.
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HEA 01.01.00 sumMM3e
Study IP SILVERCR ﬂ Hydrologic Analysis Summaries ﬂ
Plan ID PLANB
0. Event Comparisons - Flood Uolumes (ac-ft)
ANNUAL series Storm firea: 15.00 (sq mi)
Inf lou Uolune Outf lou Uolume
Upper Interior
Event Routed Total » | Seepage| Gravity] Pump |Diversion|Ouverflou
50 0.0 2343.1 6.0 122Z2.6| 1126.2 0.6 0.0
20 0.0 3284.6 0.0|} 1619.6| 1663.9 0.0 6.0
10 0.0 3956.8 0.0ff 1930.3| 2026.3 0.0 0.0
74 0.0 4679.8 0.09|| 2258.2] 2421.7 0.0 0.0
2% 0.0 0.0y 2571.7] 271.1 0.0 0.0
1 Q.0 . 0.0} 2856.5] 3Jeo4.1 0.0 0.0
9.7 8.9]] 3163.4] 3377.1 0.0 0.0
Select Option 1.1 0.6)] 6429.1] 6556.6 6.0 0.0

i. Plot Inflow Volumes Lower Runoff and Auxiliary,
B. Plot Outflow Uolumes |[iRaaEl=H
6D0S 10Exit

Press <F10> to Return

FIGURE 12.29 Summary of Flood Volumes Event Comparison
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FIGURE 12.30 Piot of Inflow Volumes Event Comparison
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FIGURE 12.31 Summary of Outflow Volumes Event Comparison

Figure 12.32 illustrates the Hypothetical Event Gravity Outlet Analysis summary, which
includes the following data values for the specified plan:

Primary Gravity Outlet Volume of Outflow: The total computed volume of outflow
from all the gravity outlets at the Primary outlet location during the analysis, for
each hypothetical flood event.

Primary Gravity Outlet Total Hours Blocked: The total number of hours in which
the interior pond water surface elevation was higher than the lowest culvert invert
elevation at the primary outlet location, but there was not discharge for the culvert.
for each hypothetical flood event. The lack of discharge is attibutable to either of 2
conditions: 1) the exterior water surface elevation is greater than the gate closure
elevation for the outlet; or 2) the differential head (interior - exterior) is less than
the minimum head for operation of the outlet.

Secondary Outlet 1 Outflow Volumes: The total computed volume of outflow from
all the gravity outlets at the Secondary 1 outlet location during the analysis, for
each hypothetical flood event.

Secondary Outlet 2 Outflow Volumes: The total computed volume of outflow from
all the gravity outlets at the Secondary 2 outlet location during the analysis, for
each hypothetical flood event.
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e Secondary Outlet 3 Outflow Volumes: The total computed volume of outflow from
all the gravity outlets at the Secondary 3 outlet location during the analysis, for
each hypothetical flood event.

e Secondary Outlet 4 Outflow Volumes: The total computed volume of outflow from
all the gravity outlets at the Secondary 4 outlet location during the analysis, for
each hypothetical flood event.

HEA 01.01.00 sumMmM3s
Study ID SILUERCR “ Hydrologic Analysis Summaries ]
Plan ID PLANB
P. Event Comparisons - Gravity Outlet Analysis
ANNUAL series Storm Area: 15.00 (sq mi)
Primary Gravity Outlet Secondary Gravity Outlet
Outf low Volumes (ac—ft)
Uolume of Total
Dutf low Hours Secondary |Secondary | Secondary | Secondary
Event (ac—-ft) Blocked OQutlet 1| Outlet 2} Outlet 3| Dutlet 4
5ox 1222.6 0 .0 0.0 6.0 0.0
207 1619.6 0. .0 0.6 0.0 0.0
10 1930.3 0. .0 0.0 0.0 0.6
4. 2258.2 ¢ .0 6.0 8.6 0.6
.0 0.0 6.0 0.6
Select Option: .0 0.6 0.8 8.0
.0 6.0 0.0 0.6
.6 6.9 0.0 0.0
B. Plot Hours Blocked at Primary Outlet
C. Plot Uolumes of Secondary Outlets
10Exit
Press <F16> to Return

FIGURE 12.32 Summary of Gravity Outlet Analysis Event Comparison

The summary also shows the Type of Series, which is an indicator of whether the interior
basin precipitation computations were performed on the basis of ANNUAL series or
PARTIAL duration series frequency. The Storm Area is also displayed. This is the total
area over which the interior basin storm event occurred, as specified in the Precipitation
Module (Chapter 3).

The [F9] Plot key causes the HEC-IFH program to display a menu of available plots. Three

different plots are available:
1. Volume at Primary Outlet, as illustrated in Figure 12.33.
2. Hours Blocked at Primary Outlet.
3. Volumes of Secondary Outlets.

All of these are probability-scaled plots showing the relationship between the quantities
described and the storm frequency. On a computer monitor with color display capabilities,
the volumes of each secondary outlet are displayed using a different color.

The Standard Project Flood (SPF) results are depicted on the plots using a horizontal line
segment, because the frequency of the SPF is not defined.
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FIGURE 12.33 Piot of Volume at Primary Outlet Event Comparison

Figure 12.34 illustrates the Hypothetical Frequency Pump Amnalysis summary, which
includes the following data values for the specified plan:

Total Pump Capacity: The total maximum capacity of the pumping units available
for the analysis. The maximum capacity of each pumping unit is the first capacity
value entered in the pump head versus capacity table for the pumping unit.

Number of Pumps: The total number of pumping units available for the analysis.

Min. Pump Start Elevation: The lowest of all of the pump start elevations entered
for each of the pumping units available for the analysis.

Min. Pump Stop Elevation: The lowest of all of the pump stop elevations entered
for each of the pumping unit available for the analysis.

Total Hours Pumped: The total number of hours in which at least one of the
pumping units discharged during the analysis, for each hypothetical flood event.

Pump Energy: The total amount of energy expended in operating all of the
pumping units during the analysis, for each hypothetical flood event. The pump
energy is computed considering the efficiency of the pumping units.

The summary also shows the Type of Series, which is an indicator of whether the interior
basin precipitation computations were performed on the basis of ANNUAL series or
PARTIAL duration series frequency. The Storm Area is also displayed. This is the total
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area over which the interior basin storm event occurred, as specified in the Precipitation
Module (Chapter 3).

The [F9] Plot key causes the HEC-IFH program to display a menu of available plots. Two

different plots are available: Total Hours Pumped (Figure 12.35) and Pump Energy . The
Standard Project Flood (SPF) results are depicted on the plots using a horizontal line
segment, because the frequency of the SPF is not defined.

HEA 01.01.00 sSumMM3s
Study ID SILVERCR ﬂ Huydrologic fmalysis Summaries“
Plan ID PLANB
Q. Event Comparisons — Pump finalysis
ANNUAL series Storm Area: 15.00 (sq mi)
Total Pump| Number | Min. Pump [Min. Pump Total Punp
Capacity of Start Elev. |Stop Elev.| Hours | Energy
Event (cfs) Punps (£t) rtl Pumped | (ml-hrs)
50 200.0 1. 500 .00 598.60 2.8 0.00
20 260.9 1. 600 .00 558.060 4.2 0.00
102 200.0 1. 600 .00 598.00 5.1 0.00
4 200.0 1. 600 .06 598.00 6.1 0.60
27 200.0 1. 600.00 598.00 7.0 0.00
1~ 200.9 1. 600 .00 598.00 2.8 8.60
0.2/ 20098 1. 600.00 598.00 8.5 8.060
1. 6060.00 598.00 16.6 0.00

Select Option:

A. Plot Total Hours Pumped

B. Plot Pump Energy

10Exit

Press <F10> to Return

FIGURE 12.34 Summary of Pump Analysis Event Comparison
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FIGURE 12.35 Plot of Total Hours Pumped Event Comparison

Figure 12.36 illustrates the Hypothetical Event Frequency Analysis summary, which
includes the following data values for the specified plan:

¢ Maximum Interior Elevation: The maximum computed water surface elevation in
the interior ponding area during the analysis, for each hypothetical flood event.

¢ Maximum Interior Area Flooded: The maximum computed surface area of the
interior ponding area during the analysis, for each hypothetical flood event.

¢ Maximum Total Interior Inflow: The maximum total computed rate of interior
inflow into the interior ponding area during the analysis, for each hypothetical
flood event. The interior inflow includes the direct runoff from the lower sub-basin,
the routed flows from the upper sub-basin, and auxiliary inflows, if applicable.

The summary also shows the Type of Series, which is an indicator of whether the interior
basin precipitation computations were performed on the basis of ANNUAL series or
PARTIAL duration series frequency. The Storm Area is also displayed. This is the total
area over which the interior basin stormn event occurred, as specified in the Precipitation
Module (Chapter 3).

The [F9] Plot key causes the HEC-IFH program to display a menu of available plots:

1. Maximum Interior Elevation, as illustrated in Figure 12.37.
2. Maximum Interior Area Flooded, as illustrated in Figure 12.38.
3. Maximum Interior Inflow, as illustrated in Figure 12.39.

259



CHAPTER 12: HEA Hydrologic Analysis Summaries Interior Flood Hydrology (HEC-IFH) User's Manual

All of these are probability-scaled plots showing the relationship between the quantities
described and the storm frequency. The Standard Project Flood (SPF) results are depicted
on the plots using a horizontal line segment, because the SPF frequency is not defined.

HEA 01.01.00 sumM3?
Study IDP SILVERCR II Hydrologic fmalysis Summaries [I
Plan ID PLANB
R. Event Comparisons — Freguency fmalysis
ANNUAL series Storm Area: 15.08 (sq mi)
Maxinum Max imumn
Max imum Interior Total
Interior Area Interior
Elevation Flooded Inf low
Event (ft) (ac) (cfs)
50~ 602.24 396.3 2240.3
20 603.43 595.2 2978.1
604.15 745.1 3554.5
604.78 898.3 4164.1
== 1041 .4 4657 .0
Select Option: 1165.1 5194.9
1296.0 5804.1
27z22.5 10381.9
B. Plot Maxinum Interior Area Flooded
C. Plot Maximnun Interior Inflow
10Exit

Press <F10> to Return

FIGURE 12.36 Summary of Frequency Analysis Event Comparison
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FIGURE 12.37 Piot of Maximum Interior Elevation Event Comparison
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FIGURE 12.38 Plot of Maximum Interior Area Flooded Event Comparison
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FIGURE 12.39 Piot of Maximum Total Interior inflow Event Comparison
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Figure 12.40 illustrates the Error Messages analysis record summary, which includes the
error messages and warning messages generated by HEC-IFH during each analysis. Since
these error messages may be too numerous to fit on one screen, a "file browser" or "list”
utility program is used to provide access to the entire range of error and warning
messages. The file browser allows the messages to be scrolled in increments of one line or
one screen at a time, either up or down.

Error and warning messages are intended to be fairly self-explanatory. Appendix E of this
manual provides a listing of all error and warning messages with further background
information.

LIST 1 02,2992 26:25 ¢ SILUERCRN\PLANB.ERR
Plan PLANB Errors and Warnings 29FEB1992-26018063

i Exterior Stage Hydrograph Calculations 29FEB1992,134553

b -4

UARNING: Cannot read transfer relation. Exterior stage not computed.

i Exterior Stage Hydrograph Calculations Z29FEB1992,,134554

b -

UARNING: Cannot read transfer relation. Exterior stage not computed.

§ o=k

i Exterior Stage Hydrograph Calculations Z29FEB1992-134554

WABNING: Cannot read transfer relation. Exterior stage not computed.
Connand) »ux Top—~of -file soee Keys: Tl+« Pglp PgDn F10=exit Fil=Help

FIGURE 12.40 Andalysis Record Summary of Error Messages
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CHAPTER 13.
Comparison of Plans

13.1. INTRODUCTION

One of the most useful aspects of the IFH program is the ability to generate results for
several different plans and then compare these results directly. In this way, the effects of
different conditions or assumptions can be quickly evaluated.

To make it easier to compare different plans, a series of special reports called Plan
Comparison Summaries are available. These reports display the results of specified plans
side-by-side. Some reports include plots which allow plan results to be compared
graphically.

13.2. HEC-IFH NUMERIC DISPLAY FORMATS

As noted in Chapter 11 and Chapter 12, all HEC-IFH sumrmaries are displayed using tables
formed by horizontal and vertical lines. Numeric output values displayed in such tables are
generally limited to a fixed number of digits and a fixed decimal point location. The total
number of digits and the position of the decimal point for each output value have been
carefully selected to display a very wide range of values. However, the values may
occasionally overflow the number of digits available. In such cases, HEC-IFH automatically
modifies the display format to provide appropriate values within the space available, rather
than simply printing the uninformative "******' value which is the FORTRAN default
output.

For example, assume that a particular summary displays peak runoff rate to the nearest
0.1 unit using seven total characters. The highest peak runoff rate which could normally be
displayed in such a summary would be 99999.9 units. However, if a peak runoff rate of
4,189,876 units is computed, HEC-IFH automatically eliminates the decimal point and the
digit right of the decimal point, and 4189876 is displayed as a seven-digit integer.

HEC-IFH will automatically use exponential notation to display output values which are too
large for display even as integers. For example, if the computed runoff rate in the example
above were 13,894,176 units, it could not be displayed in seven total characters, even as an
integer. In such a case, HEC-IFH would automatically display the value as 13894E3, which
is 13,894 times 103, or 13,894,000.

13.3. SELECTION OF PLAN COMPARISON SUMMARIES

Figure 13.1 illustrates the screen used to select plans for Plan Comparison Summaries. As
shown, up to 7 plans may be selected by specifying the Plan ID. In order for a plan to be
used in a Plan Comparison Summary, the plan computations described in Chapter 10 must

have been completed. The Index key may be used to display a list of valid Plan IDs. As
each Plan ID is specified, the corresponding Plan Description is displayed for verification.
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MCD+

CShA 01.01.00
Study ID RBENDZ “ Comparison of Plans "

Plan Ho.ll Plan ID Plan Description

PLANT Gravity outlet only.
PLANZ 4x4 Box culvert with 200-cfs pump.

SO UT A WIN

1Help ZPrtScr 3Index 4 10Exit
Press <F10> to Proceed to the Menu

FIGURE 13.1 CSA Plan Comparison Summaries Plan Selection Screen

13.4. CSA PLAN COMPARISON SUMMARIES

Eight (8) Plan Comparison Summaries are available for Continuous Simulation Analyses.
These 8 reports fall into four categories:

1. Analysis Summaries: Reports which compare the overall maximum or total values
generated during the analysis of several plans. These include the Maximum Values
Analysis Summary and the Flood Volume Analysis Summary.

2. Gravity Outlet Analysis Summaries: Reports which compare the gravity outflows
from the interior area for several plans. These include the Gravity Qutlet Outflow
Volumes and the Gravity Outlet Days Blocked.

3. Pump Analysis Summaries: Reports which compare the pump outflows from the
interior area for several plans. The Pump Capacity Summary and Days Pumped
report is available in this category.

4. Interior Analysis Summaries: Reports which present specific comparisons of plan
results for the interior ponding area. These include Maximum Interior Elevations,
Duration of Interior Flooding, and Maximnum Interior Area Flooded. Each of these
reports are accompanied by plots.

Figure 13.2 illustrates the Plan Comparison menu which is used to select which Plan
Comparison Summary to display. After each report is displayed on the screen, the

PrtScrn key may be used to generate a printed copy of the report. All reports fit on a single
computer screen, so lengthy printed reports are not necessary.
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MCD

CSa 01.01.00
Study ID RBENDZ “ Comparison of Plans ﬂ

Analysis Summaries
A. Maximum Values
B. Flood Uolume Data

Gravity ODutlet Analysis
C. Dutflou Volumes
D. Days Blocked

Pump Analysis
E. Capacity Summary and Days Pumped

Interior finalysis
F. Maximum Interior Elevations
G. Duration of Interior Flooding
H. Maxinum Interior Area Flooded

1Help 2Z2PrtScr 3 4 5 6D0S ? 8 9 10Exit
Press Letter: or use Arrou Keys amnd <Enter> to Select

FIGURE 13.2 Continuous Simulation Plan Comparison Summary Menu

13.4.1. Plan Comparison Analysis Summaries

Two (2) Plan Comparison Analysis Summaries are available for Continuous Simulation
Analyses. These reports compare the overall maximum or total values generated during the
analysis of several plans:

1. Maximum Values Analysis Summary
2. Flood Volumme Analysis Summary

Figure 13.3 illustrates the Maximum Values Analysis Summary, which includes the
following data values for each plan specified for comparison:

¢ Exterior Elev.: The maximum exterior water surface elevation recorded during the
analysis.

s Interior Elev.: The maximum interior water surface elevation recorded during the
analysis.

¢ Interior Area Flooded: The maximum interior surface area flooded during the
analysis.

e Maximum Head Differential: The maximum difference between interior and
exterior water surface elevations recorded during the analysis.

¢ Minimum Head Differential: The minimum difference between interior and
exterior water surface elevations recorded during the analysis. This value will be
negative in most cases.

¢ Pump Head: The maximum head differential recorded while at least one pumping
unit was operating during the analysis.
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e Pump Outflow: The maximum flow rate for the combined pumping units during

the analysis.
CSa 01.01.00 coMPoz2
Study ID RBENDZ l Conmparison of Plans H

fi. Analysis Summaries - Maximum Values
Interior Head Differential Pump Data
Exterior Area
Elev. Elev. | Flooded}] Maximun| Minimum|| Head Qutf low

Plan ID§ (ft) (ft) (ac) i) tt) (ri} (cfs)

PLAN1 613.74) 602.89| 1313.9 17.34| -11.00 0.00 0.8

PLANZ 613.74)f 602.28| 1114.5 17.34] -11.53 11.53 199.3
1Help ZPrtScr 3 4 5 6D0S 7 g 9 10Exit

Press <F10> to Return

FIGURE 13.3 Maximum Values Analysis Summary

Figure 13.4 illustrates the Flood Volume Analysis Summary, which includes the
following data values for each plan specified for comparison:

¢ Routed from Upper: The total volume of the hydrograph which is routed from the
upper sub-basin to the lower sub-basin during the analysis.

e Runoff into Lower: The total volume of direct runoff from the lower sub-basin
during the analysis.

e Auxiliary Inflow: The total volume of auxiliary inflows into the lower sub-basin
during the analysis.

e Seepage Inflow: The total volume of seepage inflows into the interior pond during

the analysis.

e Gravity Outflow: The total volume of outflow from all gravity outlets during the
analysis.

e Pump Outflow: The total volume of outflow from all pumping units during the
analysis.

¢ Diversion Outflow: The total volume of diversion overflows from the upper interior
sub-basin during the analysis.

e Overflow Outflow: The total volume of auxiliary overflows from the interior
ponding area during the analysis.
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CSh 01.01.00 COMPO3
Study ID RBENDZ nComparison of Plans ﬂ
B. finalysis Summaries - Flood Uolume Data
Inflow (ac-ftl “ Outflow (ac-ft)
Routed Runoff

from into Auxil- Diver-
Plan ID Upper Louwer iary |[SeepagellGravity] Pump sion Overflou
PLAN1 65896. 48277, 9. 0. |1114377. 0. 0. 0.
PLANZ 65896. 48277 . 0. 0.}j105571.| 8869. 8. 0.
1Help  ZPrtScr 3 4 5 6b05 7 8 9 10Exit

Press <F18> to Return

FIGURE 13.4 Flood Volume Analysis Summary

13.4.2. Plan Comparison Gravity Outlet Analysis Summaries

Two (2) Plan Comparison Gravity Outlet Analysis Summaries are available for Continuous
Simulation Analyses. These reports compare the gravity outflows from the interior area for
several plans:

1. Gravity Outlet Outflow Volumes
2. Gravity Outlet Days Blocked

Figure 13.5 illustrates the Gravity Outlet Outflow Volumes, which includes the following
data values for each plan specified for comparison:

e Primary Outlet Outflow Volumes: The total outflow volumes for all of the gravity
outlets located at the primary outlet location, for each of the plans specified for
comparison.

e Secondary No. 1 Outflow Volumes: The total outflow volumes for all of the gravity
outlets located at the secondary outlet location no. 1, for each of the plans specified
for comparison.

¢ Secondary No. 2 Outflow Volumes: The total outflow volumes for all of the gravity
outlets located at the secondary outlet location no. 2, for each of the plans specified
for comparison.

e Secondary No. 3 Outflow Volumes: The total outflow volumes for all of the gravity
outlets located at the secondary outlet location no. 3, for each of the plans specified
for comparison.
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¢ Secondary No. 4 Outflow Volumes: The total outflow volumes for all of the gravity
outlets located at the secondary outlet location no. 4, for each of the plans specified
for comparison.

e Total Outflow Volumes: The total outflow volumes for all of the gravity outlets at
all locations, for each of the plans specified for comparison.

COMPe4

C3A 01.01.00
Study ID RBENDZ “ Comparison of Plans J]

C. Gravity Outlet Analysis - Outflow Volumes

Outf low Volumes (ac-ft)

Primary |Secondary|Secondary|Secondary|Secondary
Plan ID]| Dutlet No. 1 No. 2 No. 3 No. 4 Total

PLAN1 114377. 0. 0. 0. 0.|| 114377.
PLANZ 105571. 0. 0. 0. 0.]} 105571.

iHelp ZPrtScr 3 6D0S 10Exit

Press <F10> to Return

FIGURE 13.5 Gravity Outlet Ouiflow Volumes Summary

Figure 13.6 illustrates the Gravity Outlet Days Blocked summary. A gravity outlet is
"blocked" during a particular time period if the pond elevation is higher than the interior
invert elevation of the outlet, but the outlet did not convey any discharge. There are two
possible causes for a blocked outlet:

1. The exterior water surface elevation is greater than the specified elevation for gate
closure for the outlet.

2. The differential head (interior - exterior) is less than the specified minimum head for
gravity operation.

This summary includes the following Total Days Blocked values for each plan specified for
comparison:

¢ Primary Total Days Blocked: The total number of days in which any of the gravity
outlets located at the primary outlet location is blocked during the analysis, for
each of the plans specified for comparison.

¢ Secondary No. 1 Total Days Blocked: The total number of days in which any of
the gravity outlets located at the secondary outlet location no. 1 is blocked during
the analysis, for each of the plans specified for comparison.
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Secondary No. 2 Total Days Blocked: The total number of days in which any of
the gravity outlets located at the secondary outlet location no. 2 is blocked during
the analysis, for each of the plans specified for comparison.

Secondary No. 3 Total Days Blocked: The total number of days in which any of
the gravity outlets located at the secondary outlet location no. 3 is blocked during
the analysis, for each of the plans specified for comparison.

Secondary No. 4 Total Days Blocked: The total number of days in which any of
the gravity outlets located at the secondary outlet location no. 4 is blocked during
the analysis, for each of the plans specified for comparison.

Each of the Total Days Blocked values are computed by taking the total number of time
periods in which any of the gravity outlets at each location are blocked during the
analysis, and dividing this total by the number of time periods in 24 hours. For example, if
at least one of the gravity outlets at the primary location is blocked for 1800 time periods
during an analysis, and if the computation time interval for the analysis is 30 minutes,
then the Total Days Blocked would be 1800/48 = 37.5, which would be rounded to 38

Total Days Blocked.
CSn 01.01.00 CONMPOS
Study ID RBENDZ ﬂ Conparison of Plans ﬂ
D. Gravity Outlet Analysis - Days Blocked
Total Days Blocked fiverage fnnual Days Blocked

Plan ID|| Prim.|Sec. 1}|Sec. 2|Sec. 3|Sec. 4|]| Prin.|Sec. 1|Sec. 2|Sec. 3|Sec. 4
PLAN1 139. 0. 0. 8. 0. 14. 0. 0. 0. 0.
PLANZ 143. 0. 9. 6. 0. 14. 8. 0. 8. 0.
1Help ZPrtScr 3 4 5 6D0S 7 8 9 10Exit

Press <F10> to Return

FIGURE 13.6 Gravity Outlet Days Blocked Summary

The Gravity Outlet Days Blocked Summary also includes the following Annual Days
Blocked values:

Primary Average Annual Days Blocked: The water year average annual number of
days in which any of the gravity outlets located at the primary outlet location
discharged during the analysis, for each of the plans specified for comparison.

Secondary No. 1 Average Annual Days Blocked: The water year average annual
number of days in which any of the gravity outlets located at the secondary outlet
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location no. 1 discharged during the analysis, for each of the plans specified for
comparison.

¢ Secondary No. 2 Average Annual Days Blocked: The water year average annual
nurnber of days in which any of the gravity outlets located at the secondary outlet
location no. 2 discharged during the analysis, for each of the plans specified for
comparison.

s Secondary No. 3 Average Annual Days Blocked: The water year average annual
number of days in which any of the gravity outlets located at the secondary outlet
location no. 3 discharged during the analysis, for each of the plans specified for
comparison.

¢ Secondary No. 4 Average Annual Days Blocked: The water year average annual
number of days in which any of the gravity outlets located at the secondary outlet
location no. 4 discharged during the analysis, for each of the plans specified for
comparison.

Each of the Average Annual Days Blocked values are computed by taking the Total Days
Blocked and dividing by the number of water years, including fractions, during the
analysis. For example, if the Total Days Blocked is 37.5 for an analysis which includes 3.5
water years, the Average Annual Days Blocked would be 37.5/3.5 = 10.7, which would be
rounded to 11 Average Annual Days Blocked.

13.4.3. Plan Comparison Pump Outlet Analysis Summaries

One (1) Plan Comparison Pump Outlet Analysis Summary is available for Continuous
Simulation Analyses. This report compares the pump outflows from the interior area for
several plans. The Pump Capacity Summary and Days Pumped report is illustrated in
Flgure 13.7. It contains the following data values:

s Total Pump Capacity: The total maximum capacity of all of the pumping units
available for the analysis. The maximum capacity of each pumping unit is the first
capacity value entered in the pump head versus capacity table for the pumping
unit.

e Number of Pump Units: The total number of pumping units available for the
analysis.

¢ Minimum Pump Start Elevation: The lowest pump start elevation entered for any
pumping unit, for any month of the water year.

¢ Minimum Pump Stop Elevation: The lowest pump stop elevation entered for any
pumping unit, for any month of the water year.

¢ Maximum Pump Head: The highest pump head differential recorded during the
analysis, for a time period in which at least one pumping unit was operating.

¢ Total Days Pumped: The total number of days in which any of the pumping units
discharged during the analysis, for each of the plans specified for comparison. This
value is computed by taking the total number of time periods in which any of the
pumping units discharged during the analysis, and dividing this total by the
number of time periods in 24 hours. For example, if at least one of the pumping
units discharged for 1800 time periods during an analysis, and if the computation
time interval for the analysis is 30 minutes, then the Total Days Pumnped would be
1800/48 = 37.5, which would be rounded to 38 Total Days Pumped.

270



Interior Flood Hydrology (HEC-IFH) User's Manual

CHAPTER 13: Comparison of Plans

Average Annual Days Pumped: The water year average annual number of days in
which any of the pumping units discharged during the analysis, for each of the
plans specified for comparison. This value is computed by taking the Total Days
Pumped and dividing by the number of water years, including fractions, during the
analysis. For example, if the Total Days Pumped is 37.5 for an analysis which
includes 3.5 water years, the Average Annual Days Pumped would be 37.5/3.5 =
10.7, which would be rounded to 11 Average Annual Days Pumped.

CSa 01.01.060 COMPOO
Study ID RBENDZ ﬂ Comparison of Plans ﬂ
E. Pump finalysis - Capacity Summary and Days Pumped
Total | Number [Min. Pump|Min. Pump| Maximum Average
Pump of Start Stop Punmp Total | Annual
Capacity| Pump Elev. Elev. Head Days Days
Plan ID|| (cfs) | Units (ft) ft) (ft3 Pumped | Pumped
PLAN1 0.0 ¢ 0.00 0.00 0.00 0. 0.
PLANZ 200.0 600.00 598.00 11.53 2Z. 2.

ZPrtScr 3

iHelp

6D03S

10Exit

Press <F10> to Return

FIGURE 13.7 Pump Capacity and Days Pumped Summary

13.4.4.

Plan Comparison Interior Analysis Summaries

Three (3) Plan Comparison Interior Analysis Summaries are available for Continuous
Simulation Analyses. These reports present specific comparisons of plan results for the
interior ponding area:

1.
2.
3.

Maximum Interior Elevations
Duration of Interior Flooding

Maximum Interior Area Flooded

Figure 13.8 illustrates the Maximum Interior Elevations summary, which includes the
following values for each plan specified for comparison:

Area Prim. Grav.: The total cross-sectional area of all of the gravity outlets at the
primary outlet location.

Total Pump Cap.: The total maximum capacity of all of the pumping units
available for the analysis. The maximum capacity of each pumping unit is the first
capacity value entered in the pump head versus capacity table for the pumping
unit.
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¢ Peak Elevation vs. Percent Chance Exceedance Frequency Event: The peak
interior water surface elevation for each of several standard hypothetical-frequency
flood events, including the 50%, 20%, 10%, 4%, 2%, 1%, and 0.2% flood events.
These elevations are computed from a frequency analysis of the interior pond

elevations.
C3a 01.01.00 COMPO?
Study ID RBENDZ HVComparison of Plans H
F. Interior finalysis - Maximum Interior Elevations
Area | Total Peak Elevation (ft) vus.
Prim.| Pump Percent Chance Exceedence Freguency Event
Grav.| Cap.
Plan ID|j(sqft)| (cfs))f 56 207 1o 74 s 1 0.2«
PLAN1 16.0 0.0§ 599.89| 601.06] 601.75] 603.50| 605.00} 605.00| 605.00
PLANZ 16.0| 206.0} 599.80| 600.85| 601.46| 602.46| 603.37| 604.44| 605.00

1Help ZPrtScr 3

6D0S

Press <F10> to Return

9Plot

10Exit

FIGURE 13.8 Maximum Interior Elevations Summary

While the Maximum Interior Elevations summary is displayed, pressing the [Fg] plot key
displays the plot illustrated in Figure 13.9. This probability-scaled plot shows the
relationship between interior water surface elevation and frequency for each plan. On a
computer monitor with color display capabilities, each plan is displayed using a different

color.
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FIGURE 13.9 Maximum Interior Elevation Piot

Figure 13.10 illustrates the Duration of Interior Flooding summary, which includes the
following values for each plan specified for comparison:

e Area Prim. Grav.: The total cross-sectional area of all of the gravity outlets at the
primary outlet location.

o Total Pump Cap.: The total maximum capacity of all of the pumping units
available for the analysis. The maximum capacity of each pumping unit is the first
capacity value entered in the pump head versus capacity table for the pumping
unit.

¢ Average Annual Days Flooded: The average Water Year annual days in which the
water surface elevation exceeds each of seven user-specified elevations, for each of
the plans specified for comparison.

While the Duration of Interior Area Flooding summary is displayed, pressing the [F9] plot

key displays the plot illustrated in Figure 13.11. This plot shows the relationship between
interior water surface elevation and duration of interior area flooded for each plan. On a
computer monitor with color display capabilities, each plan is displayed using a different
color.
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C3Sa 01.01.00 conpos
Study ID RBENDZ “ Conparison of Plans H
G. Interior Analysis — Duration of Interior Flooding
Area Total“i Average Amual Days Flooded
Prim.| Pump
ST 591 .40 || 592.41)f 595.14}} 597.42]] 598.56}] 599.56}] 601.93
Plan ID|(sqft)| (cfs)|{Elev. 1|Elev. 2|Elev. 3|{Elev. 4|Elev. 5|Elev. 6]Elev. 7
PLAN1 16.0 0.6)] 186.5 73.2 36.5 14.6 7.3 3.6 0.7
PLANZ 16.6| 200.0| 107.6 72.0 3.9 12.5 5.5 1.9 0.7
iHelp Z2PrtSer 3 4 5 6D0S s 8 9Flot 10Exit
Press <F16> to Return
FIGURE 13.10 Duration of Interior Flooding Summary
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FIGURE 13.11 Durdation of Interior Flooding Plot
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Figure 13.12 illustrates the Maximum Interior Area Flooded summary, which includes
the following values for each plan specified for comparison:

e Area Prim. Grav.: The total cross-sectional area of all of the gravity outlets at the
primary outlet location.

e Total Pump Cap.: The total maximum capacity of all of the pumping units
available for the analysis. The maximum capacity of each pumping unit is the first
capacity value entered in the pump head versus capacity table for the pumping
unit,

e Maximum Interior Area Flooded: The maximum interior area flooded for each of
several standard hypothetical-frequency flood events, including the 50%, 20%,
10%, 4%, 2%, 1%, and 0.2% flood events. These areas are computed from a
frequency analysis of the interior pond elevations.

CSa 01.01.60 COMPB9
Study ID RBENDZ ﬂ Comparison of Plans ]
H. Interior Analysis - Maximum Interior Area Flooded

Area | Total Maximum Interior Area Flooded (ac) vs.

Prim.| Pump Percent Chance Exceedence Frequency Event

Grav.| Cap.

Plan IDj(sqft)] (cfs)|] 50« 207 107 4 2 1 0.22

PLAN1 i16.0 0.0 1.6 6.5 82.8] 231.4| 345.4] 463.5] 1001.6
PLANZ 16.0] 260.6 0.7 6.0 ?3.9] 210.6] 296.8] 401.7] 603.9

1Help  Z2PrtScr 3 6b0S 9P 1ot 16Exit
Press <F16> to Return

FIGURE 13.12 Maximum Interior Area Flooded Summary

While the Maximum Interior Area Flooded summary is displayed, pressing the [F9] plot key

displays the plot illustrated in Figure 13.13. This probability-scaled plot shows the
relationship between interior water surface elevation and frequency for each plan. On a
computer monitor with color display capabilities, each plan is displayed using a different
color.
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FIGURE 13.13 Maximum Interior Area Flooded Plot
13.5. HYPOTHETICAL EVENT ANALYSIS

Four {4) Plan Comparison Summaries are available for Hypothetical Event Analysis. Each
Plan Comparison Summary lists results for up to seven specified plans, for a selected
storm event.

Figure 13.14 illustrates the screen used to select plans for Plan Comparison Summaries.
As shown, up to 7 plans may be selected by specifying the Plan ID. In order for a plan to
be used in a Plan Comparison Summary, the plan computations described in Chapter 10

must have been completed. The Index key may be used to display a list of valid Plan
IDs. As each Plan ID is specified, the corresponding Plan Description is displayed for
verification.

Figure 13.15 illustrates the Plan Comparison menu which is used to select which Plan
Comparison Summary to display. After each report is displayed on the screen, the

PrtScrn key may be used to generate a printed copy of the report. All reports fit on a single
computer screen, so lengthy printed reports are not produced. The following Plan
Comparison Summaries are available:

Plan Summary

Maximum Interior Elevation-Frequency
Maximum Interior Area Flooded-Frequency
Maximum Total Interior Inflow-Frequency

> W N
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MDD+

HEA 01.01.00
Study ID SILUERCR ﬂ Conmparison of Plans ﬂ

Plan No.“ Plan ID Plan Description

IPLANA 48-in CMP unblocked outlet conditions.
[PLANB 48-in CMP unblocked outlet,1-200CFS PUMP

NOUT W

1Help - Z2PrtScr 3Index 4 10Exit
Press <F16> to Proceed to the HMenu

FIGURE 13.14 HEA Pian Comparison Summaries Pian Selection Screen

MDD

HEA 01.01.00 =
Study ID SILVERCR ﬂ Comparison of Plans H

Select Option:

fi. Plan Summary

B. Maximun Interior Elevation-Frequency
C. Maxinum Interior Area Flooded-Frequency
D. Maximum Total Interior Inflou—Frequency

1Help ZPrtScr 3 4 5 6D0as 7 8 9 10Exit
Press Letter: or use Arrow Keys and <Enter> to Select

FIGURE 13.15 Hypothetical Event Pian Comparison Summary Menu
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Figure 13.16 illustrates the Plan Summary, which includes the following values for each
plan specified for comparison:

Type of Series: As noted in Chapter 10, Hypothetical Event Analyses may be based
on either Annual Series or Partial Duration Series Frequency Analysis. This column
indicates the type of series used for each plan analysis.

Storm Area: The total area over which the storm event occurred, as specified in the
Precipitation Module (Chapter 3).

Area of Primary Grav. Out.: The total cross-sectional area of all of the gravity
outlets at the primary outlet location.

Min, Pump Start Elev.: The lowest pump start elevation entered for any pumping
unit.
Min. Pump Stop Elev.: The lowest pump stop elevation entered for any pumping
unit.

Total Pump Capacity: The total maximum capacity of all of the pumping units
available for the analysis. The maximum capacity of each pumping unit is the first
capacity value entered in the pump head versus capacity table for the pumping
unit.

HEA 01.01.00 COMP10
Study ID SILVERCR ﬂ Comparison of Plans n
A. Plan Summary °
firea of |Min Pump|Min Pump| Total
Storn Storn |Primary Start Stop Pump
Type of | Area |Duration|Grav.Out] Elev. Eleu. jCapacity
Plan ID|| Series | (sq mi) ¢hr) (sq ft) (rt) ftl (cfs)
PLANA ANNUAL 15.08 24.00 12.57 0.00 0.00 0.0
PLANB ANNUAL 15.08 24.00 12.57?| 600.60f 598.00 260.0
1Help ZPrtScr 3 4 5 6D0S e 8 9 10Exit
Press <F10> to Return

FIGURE 13.16 Pian Summary

Figure 13.17 illustrates the Maximum Interior Elevation-Frequency summary, which
includes the following values for each plan specified for comparison:

Peak Elevation vs. Percent Chance Exceedance: The peak elevation for each of
several synthetic storm events, including the 50%, 20%, 10%, 4%, 2%, 1%, 0.2%
and Standard Project Flood (SPF) flood events. If a particular storm event was not
included in the analysis, the peak elevation for that storm event will be zero {0.00).
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HEA 01.01.00 COMP13
Study ID SILVERCR " Conparison of Plans “
B. Maximum Interior Elevation-Frequency
Peak Elevation (ft) us.
Percent Chance Exceedance
Plan ID|} 502 207 10» 4 2 1~ 0.2~ SPF

PLANA 602.89] 604.12| 604.81| 605.44| 605.92] 606.33] 606.72} 609.27
PLANB 602.24] 603.43| 604.15] 664.78] 605.30] 605.72] 606.13| 668.78

1Help ZPrtScr 3 4 5 6D0S 7 8 9Plot  10Exit
Press <F10> to Return

FIGURE 13.17 Maximum Interior Elevation-Frequency Summary
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FIGURE 13.18 Maximum Interior Elevation-Frequency Piot
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While the Maximum Interior Elevation-Frequency summary is displayed, pressing the [Fo]
plot key displays the plot illustrated in Figure 13.18. This probability-scaled plot shows
the relationship between interior water surface elevation and storm frequency for each
plan. On a computer monitor with color display capabilities, each plan is displayed using a
different color.

The Standard Project Flood (SPF) elevation is depicted on the plot using a horizontal line
segment, because the frequency of the SPF is not defined.

Figure 13.19 illustrates the Maximum Interior Area Flooded-Frequency summary, which
includes the following values for each plan specified for comparison:

¢ Maximum Interior Area Flooded vs Percent Chance Exceedance: The maximum
interior area flooded for each of several synthetic storm events, including the 50%,
20%, 10%, 4%, 2%, 1%, 0.2%, and SPS flood events. If a particular storm event was
not included in the analysis, the maximum interior area flooded for that storm
event will be zero (0.00).

HEA 01.01.09 COMP14
Study ID SILVERCR “ Comparison of Plans “
C. Maximum Interior Area Flooded-Fregquency
Maximum Interior Area Flooded fac) vs.
Percent Chance Exceedance

Plan ID|| 50« 207 10~ E 74 2% 1~ 0.2~ SFF

PLANAR 493.4| 738.9] 904.2| 1080.7| 1226.9] 1364.5| 1501.6| 3634.8

PLANB 396.3} 595.2| 745.1| 898.3| 1041.4| 1165.1] 1296.0| 2727.5
1Help ZPrtScr 3 4 5 6DasS 7 8 SPlot 10Exit

Press <F16> to Return

FIGURE 13.19 Maximum Interior Area Flooded-Frequency Summary

While the Maximum Interior Area Flooded-Frequency summary is displayed, pressing the
[F9] plot key displays the plot illustrated in Figure 13.20. This probability-scaled plot shows
the relationship between interior area flooded and storm frequency for each plan. On a
computer monitor with color display capabilities, each plan is displayed using a different
color.

The Standard Project Flood (SPF) elevation is depicted on the plot using a horizontal line
segment, because the frequency of the SPF is not defined.
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FIGURE 13.20 Maximum Interior Area Flooded-Frequency Plot

Figure 13.21 illustrates the Maximum Total Interior Inflow-Frequency summary, which
includes the following values for each plan specified for comparison:

e Maximum Total Interior Inflow vs Percent Chance Exceedance: The peak rate of
inflow to the interior ponding area for each of several synthetic storm events,
including the 50%, 20%, 10%, 4%, 2%, 1%, 0.2%, and Standard Project Flood (SPF)
flood events. If a particular stortn event was not included in the analysis, the
maximum total interior inflow rate for that storm event will be zero (0.00).

While the Maximum Interior Inflow-Frequency summary is displayed, pressing the [F9] plot
key displays the plot illustrated in Figure 13.22. This probability-scaled plot shows the
relationship between peak interior inflow rate and storm frequency for each plan. On a
computer monitor with color display capabilities, each plan is displayed using a different
color.

The Standard Project Flood (SPF) elevation is depicted on the plot using a horizontal line
segment, because the frequency of the SPF is not defined.
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HEA 01.01.006 conMpPi1s
Study ID SILUERCR ﬂ Comparison of Plans ﬂ
B. Maximum Total Interior Inflou-Frequency
Maximum Total Interior Inflow (cfs) vus.
Percent Chance Exceedance
Plan ID|| 50z 20x 10 k 74 2 1z 0.2~ SPF

PLANA 2240.3] 2978.1| 3554.5| 4164.1] 4657.0] 5194.9| 5804.1]10381.9
PLANB 2240.3| 2978.1| 3554.5] 4164.1} 465?.0| 5194.9] 5804.1]10381.9

1Help ZPrtScr 3 . 9Plot  10Exit
Press <F16> to Return

FIGURE 13.21 Maximum Total Interior Inflow-Frequency Summary
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FIGURE 13.22 Maximum Total Interior Inflow-Frequency Plot
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APPENDIX B.
Installing and Configuring HEC- IFH

This appendix contains instructions on how to install the HEC-IFH program on your
computer. It also describes how to adjust the configuration of the HEC-IFH program to
improve performance.

B.1. HEC-IFH PROGRAM DISKS AND FILES

The Interior Flood Hydrology computer program is supplied on two (2) high-density 5.25"
{1.2MB) or 3.5" (1.44MB) program disks:

1. The HEC-IFH Package Diskette 1 includes the following files:
¢ README.TXT: a file containing installation instructions.

o [FHO1Z.EXE: a self-extracting archive (zip) file containing the following files:
a. HECIFH.EXE: The HEC-IFH program file.

HECIFHDM.BAT: The HEC-IFH data management batch file.

HECIFH.SCR: The HEC-IFH screen image file.

HECIFH.SDR: The HEC-IFH screen support file.

HECIFH.FLD: The HEC-IFH data entry support file.

F77L3.EER: The Lahey FORTRAN error message file.

LIST.COM: A file viewing (list) utility program written by Vernon Buerg and
licensed by HEC for distribution with HEC-IFH.

2. The HEC-IFH Package Diskette 2 includes IFHDTAZ.EXE, a self-extracting archive
(zip) file which contains program data files as follows:

e A HEC-DSS file (IFHTEST.DSS) which contains the precipitation and stage time
series data for the Continuous Simulation Analysis (CSA) example study
described in Appendix C.

o

@ o0 a0

e The input data files for the example CSA study described in Appendix C
(RBEND1). These files are listed below:

4X4BOX.GRT Gravity outlet data file.
EXSTAGE.EMC Exterior stage module control file.
GAGE1.PDS Precipitation data file.
GAGE2.PDS Precipitation data file.
INTPOND1.OMC Interior pond module control file.
LOWER.BRD Sub-Basin runoff data file.
OUTLET1.GMC Gravity outlet module control file.
PLAN1.DSS Plan 1 output HEC-DSS file.
PLAN1.ERR Plan 1 message file.

PLAN1.PCF Plan 1 plan control file.
POND1.0DS nterior pond elevation-area data.
PRECIP1.PMC Precipitation module control file.
PUMP1.PUD Pump unit data file.
PUMPMOD1.UMC Pump station module control file.
RBEND1.DSS River Bend example study input HEC-DSS file.
RBEND1.SID River Bend study ID file.
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ROUTE1.CRD Channel routing data file.
RUNOFF1.RMC Basin runoff module control file.
UPPER.BRD Sub-Basin runoff data file.
UPPER.PDS Precipitation data file.

e The input data files for the example Hypothetical Event Analysis (HEA) study
(SILVER) described in Appendix D. These files are listed below:

1-48CMP.GRT Gravity outlet data file.
EXSTAGE.EMC Exterior stage module control file.
OUTLET1.GMC Gravity outlet module control file.
PLANA.DSS Plan A output HEC-DSS file.
PLANA.ERR Plan A message file.

PLANA.PCF Plan A plan control file.
POND.ODS Interior pond elevation-area data.
PONDMOD. OMC Pond module control file.
ROMOD1.RMC Basin runoff module control file.
SILVER.BRD Sub-Basin runoff data file.
SILVER.DSS Silver Creek example study input HEC-DSS file.
SILVER.SID Silver Creek study ID file.
STORM1.PDS Precipitation data file.
STORM1.PMC Precipitation module control file.

In addition to the files listed above, the HEC-IFH program may create other files as it
executes.

B.2. INSTALLING HEC-IFH ON YOUR COMPUTER

The HEC-IFH computer program requires the following computer system:
1. An IBM PC compatible computer based on an 80386 or higher microprocessor.
2. MS-DOS, Windows 3.1, 95, 98, or NT 3.51 or higher operating system.

3. At least 4MB of RAM memory, with at least 3MB configured as extended memory. No
extended memory manager is required to run HEC-IFH because extended memory
management is "bundled’ (Included) in the HEC-IFH program executable file. If
EMM386.SYS expanded memory manager is loaded, use “NOEMS” as one of the
parameters. HEC-IFH is compatible with the HIMEM.SYS driver.

4. At least 3.5 MB of storage capacity is required to install the HEC-IFH program files.
An additional 2.5 MB is required to install the example CSA and HEA study data y
files used for Appendix C and D. Much more storage space is often required for
actual study data, especially if a long-term continuous simulation analysis is
required. A minimum of 10 MB of free space is suggested for any plan analysis.

B.2.1. Making Backup Copies of the Program Disks

You should make a back-up copy of the program disks immediately, and then put the
original program disks in a safe place. Replacement copies of each program disk are
available if the original becomes damaged. However, your own efforts to protect your
original program disks are your best protection.
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B.2.2. Using HEC-IFH on a Computer with a Hard Disk

Installation of the program is accomplished through execution of self extracting WinZip
files. The program files require about 3.5 MB of storage. To install HEC-IFH program files,
do the following:

1. Windows

e Place the DISKETTE 1 into the A: or B: drive and open a window to the drive
to display the files.

e Double click the self-extracting WinZip file ifh02z.exe and specify the drve
path (e.g., C:\ or D;\) where you would like to install the program.

2. DOS

e Start your computer in DOS and go to the drive (e.g., C:\ or D:\) in which
you would like to install this software.

e Place the DISKETTE 1 into the A: or B: drive as appropriate for your system

e Type A:IFHO2Z (or B: IFHO2Z) press the key and specify the drve path
(e.g., C:\ or D;\) where you would like to install the program.

3. The following actions will occur when the files are extracted:

¢ The HECIFH.EXE and HECIFHDM.BAT files will be copied to the \HECEXE
directory.

e The supplementary files, HECIFH.SCR, HECIFH.SDR, and HECIFH.FLD, will
be copied to the \HECEXE\SUP directory.

e The F77L3.ERR file will be copied to the \HECIFH directory. If these
directories do not exist, they will be created automatically.

4. To allow access of the executable programs from any directory, it will be
necessary to edit the AUTOEXEC.BAT file to include a path to the \HECEXE
directory. The AUTOEXEC.BAT file should be in the root (C:\} directory. The
following is an example PATH command that would allow access to the
\HECEXE directory as well as the root (C:\) directory:

PATH C:\;C:\HECEXE

The PATH may also include other directories on the system. If so, just add the
names of the directories to this command. For more information on the PATH
command and the AUTOEXEC.BAT file, consult a DOS manual.

5. The final step is to modify the CONFIG.SYS file. Many HEC programs require the
capability to open more than eight (8) files at any one time. Because eight is the
system default for some older operating systems, it may be necessary to modify
the CONFIG.SYS to include the following lines:

FILES=20
BUFFERS=15

For more information concerning the CONFIG.SYS file, consult your operating
system manual. Use a text editor to make these changes. AFTER THESE
CHANGES ARE MADE, THE SYSTEM MUST BE REBOOTED.
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6. HEC-IFH test data installation is accomplished by the execution of the the self-
extracting WinZip file ifhdtaz.exe. Installing the test data is optional but
suggested in order to follow through the example applications in Appendix C and
Appendix D. To install the HEC-IFH program test data files, do the following:

a. Windows

e Place the DISKETTE 2 into the A: or B: drive and open a window to the
drive to display the files.

e Double click the self-extracting WinZip file ifhdtaz.exe and specify the
drve path (e.g., C:\ or D;\) where you would like to install the program.

b. DOS
e Go to the drive (e.g., C: or D:) where you would like to install the test
data.
e Place the DISKETTE 2 into the A: or B: drive, as appropriate for your
system.

e Type A:IFHDTAZ (or B: IFHDTAZ) press the key and specify the
drve path (e.g., C:\ or D;\) where you would like to install the program.

c. The IFHTEST.DSS file will be copied to the directory \HECIFH. The CSA

(River Bend) study data files will be copied to the directory

\HECIFH\RBEND1 and all the HEA (Silver Creek) study data will be copied
to the directory \HECIFH\SILVER.

NOTE: If these directories do not exist, they will be created for you. These
files MUST reside in the indicated directories in order for the program to
access the study files.

7. HEC-IFH Program Execution:
a. Go to the directory containing the HEC-IFH data files (e.g., CD \HECIFH).

b. Type HEC-IFH and press the key. This will start the HEC-IFH
program.
c. Proceed through the Program Configuration Options in the following section

to configure HEC-IFH properly for screen graphics adapter, printer, and
other options.

B.3. HEC-IFH PROGRAM CONFIGURATION OPTIONS

The HEC-IFH program allows several configuration options to be set. These options control
the appearance of program screens, plots, and printed reports. In addition, the units of
measurement used in the program can be configured.

Figure B.1 shows the structure of the HEC-IFH program user interface which deal with
program configuration options. As this figure indicates, the various configuration options
are controlled from a single main menu, with a subsidiary menu to control screen
characteristics. Figure B.2 shows the program configuration main menu screen.
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MA
Program
Configuration
Options
[ [ |
MAA
CONFO7 CONF08 CONF09
Set Screen Set Printer Select Graphics Selefﬁ (Eé)gsfg?el’rnf;;t’em
Characteristics Characteristics Adapter c;no? supported)
]
CONFO6
CONF03
Set Screen Colors Sec:ih(z::;resrir:;n
FIGURE B.1 HEC-IFH Program Configuration Options
IFH 01.01.00 MA
Study ID RBENDZ " Program Configuration Options ﬂ
Select Option:

A. Set Screen Characteristics

B. Set Printer Characteristics

C. Select Graphics Adapter

D. Select Default System of Measurement
1Help 2PrtScr 3 4 5 6D0S ? 8 9 10Exit

Press Letter: or use fAirrow Keys and <Enter> to Select

FIGURE B.2 HEC-IFH Program Configuration Options Menu

B.3.1. Setting Screen Characteristics

If the user selects option A: Set Screen Characteristics from the program configuration
main menu (Figure B.2), another menu screen appears listing the following options:

A. Set Screen Colors
B. Set Other Screen Characteristics

Figure B.3 illustrates the screen used to set the colors used for screen displays. On
computer systems with color displays, HEC-IFH provides a great deal of flexibility for
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specification of desired colors. Color combinations can be individually specified for all the
following screen areas:

e Main: The primary portion of each screen, including the overall background of the
screen and most of the text contained on the screen.

e Main 2: A contrasting area on the primary portion of each screen. This contrasting
area would be used to highlight the current data entry field or menu selection.
Setting Main 2 to the same colors as Main would make the HEC-IFH program almost
impossible to use.

e Inset: The "windows" which appear during certain program operations, such as
when the Index key, the Goto key, the Report key, the Import key,
or the Plot key are pressed.

e Inset 2: A contrasting area on the each inset window. This contrasting area would

be used to highlight the current data entry field or menu selection. Setting Inset 2 to
the same colors as Inset would make many HEC-IFH program options almost
impossible to use.

e Help Window: The help "windows" which appear when the Help key is pressed.

e Error Messages: The "windows" which appear when an error condition occurs
during program operation.

CONFO3

IFH 91.01.00
Study ID RBENDZ “ Program Configuration Options “

Set Screen Colors

Main Background [JJ1 01 02 063 04 05 06 07
Main Foreground 00 01 62 63 04 05 66 07 08 09 10 11 12 13 14 1151

Main BG 2 06 01 062 063 04 05 06 [0?7]
Main FG 2 061 01 02 03 04 05 66 07 68 09 10 11 12 13 14 15
Inset BG 00 04 05 066 [07]
Inset FG [00] 04 05 06 07 08 09 10 11 12 13 14 15
Inset BG 2 [00] 04 05 06 07
Inset FG 2 00 04 05 06 io
| |
Help Background 00 64 05 06

Help Foreground [00] 04 05 06 16 11 12 13 14 15

Error Message B 06 01 02 03 04 05 06 [07]

Error Message F [00] 01 03 04 065 06 07 14 15
Main Inset Help Windou

iHelp 2PrtScr 3 4 5 6D0S ? 8 9 10Exit
Press SPACE to select: Press <F10> to Save Data and Return

FIGURE B.3 Screen Colors Configuration

For each screen area, the Background (BG) and Foreground (FG) colors are set separately
using horizontal menus, as illustrated in Figure B.3. To set a certain color, use the up-
arrow and down-arrow Kkeys to move to the appropriate line. Then use the left-arrow and
right-arrow keys to highlight the desired color. Pressing the space bar selects the
highlighted color. The selected color is bracketed. A sample of each screen area is provided
near the bottom of the data entry screen, so that the current color settings may be viewed
immediately.
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As the menus indicate, eight background colors and sixteen foreground colors are available
for color display systems. Sample blocks of each color are shown between the Inset and
Help menu areas of the screen. Table B.2 lists the colors available.

TABLE B.1 Text Screen Colors Available

Number Background Color Foreground Color
00 Black Black
01 Blue Blue
02 Green Green
03 Cyan Cyan
04 Red Red
05 Magenta Magenta
06 Brown Brown
07 Light Gray Light Gray
08 N/A Dark Gray
09 N/A Light Blue
10 N/A Light Green
11 N/A Light Cyan
12 N/A Light Red
13 N/A Light Magenta
14 N/A Yellow
15 N/A White

Figure B.4 illustrates the screen used to set other screen characteristics, including program
sounds and line types for plots.

The HEC-IFH program can sound the computer "bell" (actually a small speaker) after errors
in data entry, and after lengthy computations. This capability is very useful for notifying the
user of program operations. However, these sounds may not be desirable in all
circumstances. To turn these sounds off, use the up-arrow or down-arrow key to move to
the appropriate line. Use the left-arrow and right-arrow keys to highlight the desired
response (Yes or No). Pressing the space bar selects the highlighted response, which is then
bracketed.

The HEC-IFH program offers many plot screens, which display input and output data in
graphical form. Many of these plots present multiple data sets. On EGA and VGA displays,
each data set appears in a different color, which allows the data sets to be readily identified.
However, when the plot is printed, all data sets are printed as black solid lines.

To allow different data sets to be distinguished on printed plots, different line types or styles
may be specified for each data set. The selected line types are used for screen displays as
well as printed plots. Table B.2 lists the line types available. Since only six different line
types are available for plots, which may contain up to eight different data sets, it is not
possible to provide a unique line type for all data sets on all plots.

Line types are selected using the same operations used in other horizontal pick lists within
the HEC-IFH program:

1. Use the up-arrow or down-arrow key to move to the appropriate line.
2. Use the left-arrow and right-arrow keys to highlight the desired line type.

3. Press the space bar to select the highlighted line type. The selected line type is then
bracketed.
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TABLE B.2 Plot Line Types Available

Number Line Type
0 Solid
1 Dots
2 Short Dashes
3 Long Dashes
4 Dash-Dot
5 Dash-Dot-Dot
IFH 01.01.00 CONFO6
Study ID RBENDZ " Program Conf iguration Dptionégﬂ
Set Other Screen Characteristics
Sound bell upon data entry error? [Yes] No
Sound bell after lengthy computations? [Yes] No
Screen plots line type for line 1
Screen plots line type for line 2
Screen plots line type for line 3
Screen plots line type for line 4
Screen plots line type for line 5
Screen plots line type for line 6
Screen plots line type for line 7
Note: Line type 0 is solid
Line type 1 is dots
Line type 2 is short dashes - - - — — —
Line type 3 is long dashes — — — —
Line type 4 is dash-dot —ememe— e
Line type 5 is dash-dot-dot ---—¢:—v.—--
1He lp ZPrtScr 3 4 S5 6D0S 7 (] 9 10Exit
Press SPACE to select: Press <F10> to Save Data and Return

FIGURE B.4 Screen Characteristics Configuration

B.3.2. Printer Characteristics
The HEC-IFH program allows the following printer characteristics to be configured:

Printer Setup String: A series of characters, which are sent to the printer before
each printed report or screen. The printer setup string may include "printable”
characters (such as letters, digits, or punctuation marks) as well as "non-printable”
characters (such as the "escape" character). Printable characters are entered by
simply typing the corresponding key. Non-printable characters are entered using
their three-digit ASCII code number after a backslash (\) character. For example,
the "escape” character (ASCII code number 27) would be entered as "\027" as shown
in Figure B.5. Printer manuals generally provide the ASCII code numbers for non-
printable characters recognized as part of printer commands. The default string is
blank.

Screen Box Characters: Indicates whether the program should substitute other
characters for those used to create boxes on the screen, for printed reports or
screens. Most IBM-compatible personal computers have special characters built in
to draw boxes on the screen. HEC-IFH makes extensive use of these characters for
screen displays as well as printed reports. Unfortunately, not all printers recognize
these characters, so HEC-IFH printed reports and screens will not have the correct
appearance on some printers. If this is the case, HEC-IFH can be configured to use
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the "|", "+", and "-" characters when printing reports or screens. These characters
provide an acceptable printed output even on printers, which are not fully
compatible with the IBM PC extended character set. To use these alternate box
characters, type "Y" in the data entry field available, as illustrated in Figure B.5. The
default value is "N".

e Maximum Printable Lines Per Page: Controls the number of lines on each page of
printed reports. The default value is 56 lines per page. If printed reports run past
the end of each page, the lines per page should be reduced. If, however, the printer
is capable of printing more lines per page, the setting can be increased and the total
pages of printout will be reduced.

e Printer Type: The brand and model of printer available for printing plot screens.
This selection does not affect printed text. The default printer type is Epson.

Figure B.5 illustrates the screen used to set printer characteristics.

CONFO?

IFH 01.01.00
Study ID RBENDZ " Program Conf iguration Options "

Set Printer Characteristics

Printer setup string QZ7E : . :

E.g., NO27E will send an ASCII escape (decimal 27) and 'E’ to
the printer. This is the “reset” command for laser printers.

Translate screen box characters to |, + and — for printing? (¥Y,N) [

= ———
E.g., and box translate to 1§ box i
oo +

Maximum printable lines per page
E.g., about 56 for 11 inches at 6 linessinch.

Printer type Epson NEC Pinuriter Okidata 32,93 [HP LaserJet]

1Help ZPrtScr 3 4 S 6D0S 7 8 9 10Exit
Press <F10> to Save Data and Return

FIGURE B.5 Printer Characteristics Configuration

HEC-IFH supports direct printing of plot screens to several types of popular printers,
including Epson, NEC Pinwriter, Okidata 92/03, and HP LaserJet. A horizontal pick list is
used to select the appropriate type of printer. Use the left-arrow and right-arrow keys to
highlight the desired printer. Pressing the space bar selects the highlighted printer, which
is then bracketed.

If in doubt about the appropriate type of printer, select Epson for dot-matrix printers and
HP LaserJet for laser printers. Most dot-matrix printers emulate Epson graphics capability,
and most laser printers are compatible with HP LaserJet graphics.

B.3.3. Graphics Adapter
The HEC-IFH program supports the following types of graphics adapters:

e Monochrome (MON): Displays with only one color (generally green, amber, or white
on a black background). HEC-IFH does not support graphics output for
Monochrome displays.
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¢ IBM Color Graphics Adapter (CGA): Displays with color text capabilities and 640 x
200 monochrome graphics. CGA graphics may not provide acceptable quality
graphic output.

e IBM Enhanced Graphics Adapter (EGA): Displays with color text capabilities and
640 x 350 color graphics. All HEC-IFH program capabilities are available when an
EGA display is used.

e IBM Virtual Graphics Array (VGA): Displays with color text capabilities and 640 x
480 color graphics. All HEC-IFH program capabilities are available when a VGA
display is used, and VGA graphics provide the best quality graphic output.

To select a particular adapter, use the up-arrow and down-arrow keys to highlight the
desired adapter. Press the space bar to selected the highlighted adapter. The selected
adapter will then be bracketed to confirm the selection.

IFH 01.01.00 CONFO8
Study ID RBENDZ ﬂ Program Conf iguration Options “
Select Graphics Adapter

Monochrome (MON)

IBM Color Graphics Adapter (CGA)D

IBM Enhanced Graphics Adapter (EGA)

[IBM Virtual Graphics Array (UGAH) 1
1Help ZPrtScr 3 4 5 6D0S ? 8 9 10Exit
Press SPACE to select: Press <F10> to Save Data and Returm

FIGURE B.6 Graphics Adapter Configuration

B.3.4. Default System of Measurement

The default system of measurement for the HEC-IFH program is the English system. Metric
units are not supported. Table B.3 lists the categories of data used in the HEC-IFH
program, English units used, and corresponding Metric conversion factors.

TABLE B.3 Categories of Data, English Units, and Corresponding Metric Conversion Factors
Category of Data English Units Metric Units Conversion Factor

Precipitation Depth in mm 1lin =25.4 mm
Infiltration Loss Volume in mm 1in = 25.4 mm
Infiltration Loss Rate in/hr mm/hr 1lin/hr = 25.4 mm/hr
Elevation ft m 1ft=0.3048 m
Flow Rate cfs m3/s 1 cfs = 0.0283 m3/s
Flow Volume ac-ft m?3 1 ac-ft = 1,232.748 m3
Pond Surface Area ac m? 1 ac = 4,046.87 m?
Drainage Area mi? km? 1 mi2 = 2.5889 km?
Outlet Cross-Sectional Area ft2 m?2 1 ft2 = 0.0929034 m?
Pump Energy kW-hrs kW-hrs (none)

Time hr hr (none)
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APPENDIX C.
HEC-IFH CSA Example Application

This appendix demonstrates the application of the Interior Flood Hydrology (HEC-IFH)
computer program to a simple example of an interior flood analysis problem using
Continuous Simulation Analysis. Appendix D provides an example of a Hypothetical Event
Analysis. Gravity outlets and pumps will be evaluated by determining interior area runoff
from recorded rainfall, routing the runoff to and through the line-of-protection, and
developing interior area elevation-frequency relationships. Note: the procedures described
in this Appendix are based on the assumption that the HEC-IFH program and data files
have been installed as described in Appendix B.

C.1. BACKGROUND INFORMATION

The Corps of Engineers is to implement a levee system that will protect the community of
River Bend from direct flooding from the Green River. The analysis requires the
investigation of the feasibility of implementing flood damage reduction measures for the
interior area. These measures will include gravity outlets and pumping stations.

The River Bend interior area consists of distinct upper and lower basins connected by a
main channel. Figure C.1 illustrates the River Bend Interior Area.

/

Line of Protection

P YTy
SRR

e

Green River

s
S

ey Upper Interior
&5 River Bend Sub-Basin .
?f’) Ld Ing.‘: Interior /\/— \<
R Channel
%

®

Rain Gage 2 Rain Gage 1
~~
Stream Gage t o i}
‘, Lower Interior
¥ Sub-Basin

—

FIGURE C.1 River Bend Interior Area

The procedures specified in Appendix B of this manual create a sub-directory called
"RBEND1" within the HECIFH directory on the hard disk. This sub-directory contains the
correct input data for the example problem described in this appendix. Do not modify the
data stored in the RBEND1 sub-directory. It should be preserved in its original condition for
comparison with data developed in this appendix. To view the RBEND1 input data and
results, specify RBEND1 as the Study ID for HEC-IFH, as described in Chapter 2 of this
manual. To begin working through the example problem described in this chapter, specify
a new HEC-IFH Study ID called RBEND2.
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During the installation process described in Appendix B, a file called IFHTEST.DSS is
stored in the HECIFH directory. This file contains hourly precipitation records and daily
exterior stage data for the period from Water Year 1951 through Water Year 1960. Other
data, including runoff parameters, channel routing characteristics, and interior pond data,
will be described as necessary as the example problem is presented.

MCAB
Runoff
Hydrograph
Parameters
(RUNOFF)

MA MCAC
Program Interior Pond
Configuration (POND)

MB

Data MCAD
Gravity Cutlets
Management )
Utllities (GRAV

MD

MCB MCAE
Perform interior Pump Ouflets
Analysis (PUMP)

MCC

MCAF
Hypothetical Hydrologic Exterior Stage
Event Analysis Andailysis (EXSTAGE)
HEA) Summaries

MCD
Comparison of ,L\\Au?d?f v
H\Z?gl:)g-lc Inflow/Qutfiow
ol (AUXFLOW)

FIGURE C.2 HEC-IFH Program Menu Hierarchy
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C.2. "MINIMUM FACILITY® ANALYSIS

The River Bend interior area will be analyzed for several different conditions. Each of these
conditions will form a different HEC-IFH Plan. The first plan will analyze the performance
of the interior system with a "minimum" gravity outlet in place.

C.2.1. Precipitation Data iImport

Before the HEC-IFH program can analyze the River Bend interior area, the precipitation
records must be transferred from the IFHTEST.DSS file. The IFHTEST.DSS file is called an
"external” HEC-DSS file because it was not created by the HEC-IFH program for use in this
study. As described in Chapter 2, HEC-IFH can import data from an external HEC-DSS file
for use in an HEC-IFH analysis. (Note: the "external’ HEC-DSS data file could have been
created by HEC-IFH to store input data or output results during a previous study.)

As indicated in Figure C.1, two rainfall gages provide records for the River Bend interior
area. Figure C.2 highlights the path through the HEC-IFH menu system required to reach
the Basin Average Precipitation (PRECIP} menu screen.

To start the HEC-IFH program and prepare to enter precipitation data, follow these steps:

1. Use the DOS command CD \HECIFH and press to change to the HECIFH
directory on the hard disk.

Type HECIFH and press to start the HEC-IFH program.

Press any key to proceed to the Study ID screen.
Specify RBEND2 as the current Study ID.
Select Continuous Simulation Analysis from the HEC-IFH main menu.

Select Define Interior Analysis Data from the HEC-IFH Continuous Simulation
Analysis menu. ‘

7. Select Basin Average Precipitation (PRECIP) from the Define Interior Analysis Data
menu.

8. Select Enter/Import Precipitation Station Data from the Basin Average Precipitation
menu screen. The data entry screen illustrated in Figure C.3 will appear.

To import the GAGE 1 precipitation record for the analysis, follow these steps:

1. Use GAGEl as the Precipitation Station ID, and enter an appropriate 40-
character description on the Precipitation Record Data Entry Screen.

2. Enter a Starting Period of 010CT1950/0100 for the GAGE1 precipitation record.
This is the end of the first 1-hour time increment in Water Year 1951.

3. Enter an Ending Period of 30SEP1960/2400 for the GAGE1 precipitation record.
This is the end of Water Year 1960.

4. Specify a Time Increment of 1IHOUR for the GAGE1 data.

SR T o

5. After entering the time increment and pressing the key, the cursor moves to
the top of the Precipitation column. Press the key to specify that the data will be
imported. Use the file name and HEC-DSS path name information from Table C.1
for the external HEC-DSS file. Press the key to begin data import.
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6. After the data import procedure is complete, press the key to locate the values

listed in Table C.2 and ensure that they are correct. These are the maximum hourly
rainfall totals for each gage.

Press the [F9] plot key to plot the data. Use the HEC-IFH plotting capabilities to
review the computed data. Figure C.4 illustrates the plot of maximum annual
values which should appear when the [F9] plot key is pressed. Press the down-arrow

key to "zoom" to a plot of monthly totals for Water Year 1951. Press the right-arrow
key repeatedly or press 6 plus the right-arrow key (to skip 6 years) to "pan” to a plot
of monthly totals for Water Year 1957. Press the down-arrow key again to zoom to
plot of actual values for October 1956. Press the right-arrow repeatedly or press 9
plus the right-arrow key (to skip 9 months) again to pan to a plot of actual values
for July 1957. The peak rainfall value for Gage 1 occurs during this month, as

shown in Table C.2. Press the key until the data entry screen reappears.

Press the key to store the GAGE1 precipitation data and return to the Basin
Average Precipitation menu screen.

Repeat all the steps listed above for Gage 2. The Gage 2 data should be stored
using a Precipitation Station ID of GAGE2.

CSA 01.61.00
Study ID RBENDZ ﬂ Basin Average Precipitation (PRECIP)

] PRECOZ

Enter/Inport Precipitation Station Data

Precipitation Station ID Dates/Time |Precipitation
Description: DaMonYear/HrMn (in)
100CT1954,0100 9.
Starting Period 160CT1954/0200 0.
(e.g. 01JAN1989-1300) 160CT1954/0300 0.
160CT1354,0400 6.
Ending Period 100CT1954,0500 0.
100CT1954/6600 0.
Time Interval 160CT1954/0700 0.
(e.g. 1HOUR, 1DAY, ...) 160CT13954,0800 0.
100CT1354,0900 0.
160CT1954,1000 0.
160CT1954/1100 0.
160CT1954-1200 0.
160CT1954,1308 0.
100CT1954,1460 0.

ZPrtScr 3Index 4 5 6DadsS ? 8
Press <F10> to Save Data and Return

FIGURE C.3 Precipitation Record Data Entry Screen
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TABLE C.1 External HEC-DSS Data for Precipitation Gages

Data Item Gage 1 Gage 2 Note
HEC-DSS File Name IFHTEST.DSS IFHTEST.DSS 1
HEC-DSS Path Name Part A INTERIOR INTERIOR -
HEC-DSS Path Name Part B GAGE1 GAGE2 -
HEC-DSS Path Name Part C PRECIP-INC PRECIP-INC -
HEC-DSS Path Name Part D 01JAN1900 01JAN1900 2
HEC-DSS Path Name Part E 1HOUR 1HOUR -
HEC-DSS Path Name Part F OBSERVED OBSERVED -

Note 1: The current directory is the default installation location of the IFHTEST.DSS file. Use a complete DOS path
name if you have installed the IFHTEST.DSS file in a different location.
Note 2: For Import, Part D is not used. Any valid date may be entered, including the default date of 01JAN1900.

TABLE C.2 Maximum Hourly Rainfall Values

Rainfall Gage or Record Date and Time Hourly Rainfall Total (inches)
Gage 1 12JUL1957 /1900 1.93
Gage 2 100CT1954/0100 1.13
UPPER Composite 12JUL1957/1900 2.00
ANNUAL TOTAL PRECIPITATION
RBENDZ2 GAGE1
48 L) 1 ' J 1 1 T H i I
as | : » » : -
3@ [ - : , . . : : T
as | - . , : u u : _—
£
~ 20 F -
E
By
12}
] 1S | -
10 | .
s | i
° 1951 1952 1953 1954 1955 1956 1957 1958 1959 1968
Hater Year

FIGURE C.4 Plot of Annual Precipitation Totals

C.2.2. Composite Precipitation Computations

As illustrated in Figure C.1, Gage 2 appears to be located near the centroid of the lower
interior sub-basin for the River Bend interior area. However, the upper interior sub-basin
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is positioned between Gage 1 and Gage 2. Therefore, the most representative precipitation
record for the upper interior sub-basin will be a composite of the Gage 1 and Gage 2
records. To compute this composite distribution, use the following steps.

1. Select Specify Composite Precipitation Weights from the Basin Average Precipitation
menu screen. Figure C.5 shows the data entry screen used to specify the Composite
Precipitation Weights.

2. Use UPPER as the Composite Precipitation Record ID, and enter an appropriate
40-character Description.

3. List the GAGE1 and GAGE2 Precipitation Station IDs, along with the Total
Precipitation Weight and Distribution Weight values listed in Table C.3. Press

the key to exit the composite precipitation data entry screen.

TABLE C.3 Gage Weights for Upper Interior Sub-Basin Composite Precipitation

Rainfall Gage Total Precipitation Weight Distribution Weight
Gage 1 60% 100%
Gage 2 40% 0%
C3a 01.01.00 PRECO3
Study ID RBENDZ ﬂ Basin Average Precipitation (PRECIP) ]
Specify Composite Precipitation Ueights
Composite Precipitation Record ID [113¢d;
I S LU IConposite precip. for upper sub-basin.
Precip. Time Total |Distri-
Station | Interval
ID Description

~AGE1 1HOUR Gage 1 recorded precip. WY1950-UY1360
GAGE2 1HOUR Gage 2 recorded precip. - WY1350-UY1960

Total:

ZPrtScr 3Index 4 5 oD0S ? 8 S 10Exit
Press <F10> to Save Data and Return

FIGURE C.5 Composite Basin Average Precipitation Data Eniry Screen

After the Composite Precipitation Weights have been entered, follow these steps to view the
composite precipitation pattern:

1. Select View Composite Precipitation Patterns from the Basin Average Precipitation
menu screen. Figure C.6 shows the screen used to view a computed composite
precipitation pattern.

1Help
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2. Press the key and select the UPPER Composite Precipitation Record ID.

Press and the HEC-IFH program will compute the UPPER composite rainfall
record.

3. After the composite precipitation computation is complete, press the key to
locate the values listed in Table C.2. These are the maximum hourly rainfall totals
for each gage.

4. Press the [F9] key to plot the data. Use the HEC-IFH plotting capabilities to review

the computed data. Figure C.7 illustrates the annual composite precipitation
hyetograph. On a color computer monitor, the composite precipitation and each of
the individual gage records would be plotted in a different color.

5. Press the key to return to the Basin Average Precipitation menu screen.

CShA 01.01.00 PREC04
Study ID RBENDZ [ Basin Average Precipitation (PRECIP) ﬂ
UView Composite Precipitation Pattern
Composite Precipitation Record ID: Units: Cin)
DatesTime Station| Station| Statiomn] Station| Station|} Basin

DaMonYear/HrMn [|GAGEL GAGEZ Average
100CT1954/0100 8.19 1.13 08.20
100CT1954,0200 0.13 0.38 0.14
160CT1954/0300 0.13 6.28 0.14
100CT1954./0400 0.21 8.12 0.22
100CT1554./0500 0.28 0.23 6.29
100CT1554/0600 0.21 0.17 0.22
100CT1954,0700 0.10 0.22 8.10
100CT1954-0800 0.01 0.02 0.01
100CT1954-0900 0.03 8.062 .03
100CT1954.-1000 0.17 8.66 9.18
100CT1354.-1100 .14 8.05 6.14
100CT1354-1200 .03 0.00 .03

1Help  ZPrtScr 3Index 4Goto  5SReport 6DOS (s 8 SPlot  10Exit

Press <Pghn>, <Pglp> or <F4> for more: <F10> to Return

FIGURE C.6 Composite Storm Table
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ANNUAL TOTAL COMPOSITE PRECIPITATION
RBEND2 UPPER
—GAGE1 — GAGE2 - UPPER
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FIGURE C.7 Piot of Composite Precipitation Annual Totals
C.2.3. Specify PRECIP Module

After the rainfall gage records are imported, and composite precipitation records are
computed, they are combined into a single "module” of precipitation data. This module is
identified by a Module ID. The precipitation data already entered could be combined with
other data entered later (perhaps a different composite precipitation computation, for
example) to form different modules. To specify the PRECIP module, the following steps are
required:

1. Select Assign Precipitation Record for Each Sub-Basin from the Basin Average

Precipitation menu screen. Figure 3.8 illustrates the data entry screen which
should appear.

2. Use PRECIP1 as the Module ID, and enter an appropriate 40-character
Description.

3. Enter GAGE2 as the Precipitation Station ID for the lower interior sub-basin.
Confirm that the description matches what you entered earlier when this rainfall
gage record was imported.

4. Enter UPPER as the Precipitation Station ID for the upper interior sub-basin.
Confirm that the description matches what you entered earlier when this composite
precipitation record was computed.
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5. Press the key to store the PRECIP1 PRECIP module data and return to the

Basin Average Precipitation menu Screen. The PRECIP1 PRECIP module is ready to
be used in a plan analysis.

CSa 01.01.00
Study ID RBEND2

Module ID
Description

PRECO5

ﬂ Basin Average Precipitation (PBECIPiAH

Assign Precipitation Record for Each Sub-Basin

PRECIP1
Precip. data for App. C.

Sub-Basin

Precipitation
Station ID

Description

Louver Interior

Upper Interior

GAGEZ
PPER

Gage 2 recorded precip. - WY1950-WY1966
Composite precip. for upper sub-basin.

1Help ZPrtScr 3Index 4
Press <F16> to Save Data and Return

5 6D0S ? 8 9 10Exit

FIGURE C.8 Continuous Simulation Precipitation Data Specification Screen
C.2.4. Basin Runoff Data

Runoff from each of the two River Bend interior sub-basins will be computed using
available data. Assume that the following information is available:

1. Neither of the interior sub-basins has any significant base flow in any month.

2. The infiltration losses for each sub-basin can be estimated using the Initial-
Uniform-Recovery method, with the loss parameters listed in Table C.4.

3. The runoff characteristics of each sub-basin can be modeled using the SCS
Dimensionless unit hydrograph, with the unit hydrograph parameters listed in

Table C.4.
TABLE C.4 Runoff Parameters for Interior Sub-Basins
Parameter Upper Sub-Basin Lower Sub-Basin
Basin Drainage Area 7.5 square miles 5.0 square miles
Initial Loss 0.50 inches 0.50 inches
Uniform Loss Rate 0.02 inches/hour 0.02 inches/hour
Initial Loss Recovery Rate 0.1 inches/day (all months) 0.1 inches/day (all months)
% of Drainage Area Impervious 15% 20%
SCS Lag 4.2 hours 3.5 hours

The HEC-IFH RUNOFF data entry module is used to enter these data values, according to
the following sequence of steps:
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1. Select Runoff Hydrograph Parameters (RUNOFF) from the Define Interior Analysis
Data Menu.

2. Select Enter Basin Runoff Data from the Runoff Hydrograph Parameters menu
screen.

3. Use UPPER as the Basin ID, and enter an appropriate 40-character description.

4. Enter the runoff data parameters listed in Table C.4 as follows:

a.

b.

First enter the Basin Drainage Area and Percent of Drainage Area
Impervious.

Specify no base flow by pressing the space bar to select 'No' for Enter Monthly
Base Flow Rates.

Specify the appropriate Basin Infiltration Loss Data by first highlighting Initial-
Uniform-Recovery Method and pressing the space bar. A window will appear,
containing data entry fields for monthly Loss Recovery Rate, Initial Loss, and
Uniform Loss Rate. Enter these values. Figure C.9 illustrates the data entry
window for the Initial-Uniform-Recovery loss method.

Select the appropriate Basin Unit Hydrograph Data by first highlighting SCS
Dimensionless Unit Graph and pressing the space bar. A window will appear,
containing a data entry field for SCS Lag. Enter this value. Figure C.10 shows
the data entry window for the SCS Dimensionless Unit Hydrograph Method.

After entering the SCS Lag value, select 'yes' to display (tabulate) the unit
hydrograph. Another window will appear for tabulating the unit hydrograph.
Specify a 1HOUR unit hydrograph duration. The SCS Unit Hydrograph will be
computed and displayed. (See Figure C.11). Locate the peak flow value. Confirm
that the value listed in Table C.5 is correct.

Press the [F9] key to plot the computed unit hydrograph. Press to exit the
plot and press the key to exit the unit hydrograph window.

5. Press the key again to store the UPPER sub-basin runoff data and return to the
Runoff Hydrograph Parameters menu screen.

6. Repeat Steps 2 through 5 for the lower sub-basin. The lower interior sub-basin
data should be stored using a Basin ID of LOWER.

TABLE C.5 Peak Flow Rates of 1-Hour Unit Hydrograph

Sub-Basin Hour Peak Flow Rate (cfs)
Upper Sub-Basin 5 766.7
Lower Sub-Basin 4 605.0
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Press <F10> to Save Data and Return

CSA ©1.01.00 RUNDO4
Study ID RBENDZ [ Runoff Huydrograph Parameters (RUNOFF) H
Enter Basin Runoff Data
Basin ID UPPER
Upper Sub-basin for App. C example. Month| Initial Loss Recovery

Basin Drainage firea (sq ni) 7.50 Oct .10 (inrsday)
Percent of Drainage frea Inpervious 15.0 Now 0.

Dec 0.
Enter Monthly Base Flow Rates Yes No Jan 0.

Feb 0.

Basin Infiltration Loss Data Mar 0.
Generalized Runoff Coefficieunts Apr 0.
[Initial-Uniform-Recovery Method] May 0.

No Losses Computed Jun 0.
Jul 0.

Basin Unit Hydrograph Data Aug 0.
Clark’s Unit Hydrograph Sep 0.
Snyder’s Unit Hydrograph
[SCS Dimensionless Unit Graphl Initial Loss (in)
Enter Unit Hydrograph Uniform Loss Cin/hr)

iHelp 2ZPrtScr 3 4 5 60035 ? 8 9

FIGURE C.9 Initial-Uniform-Recovery Data Eniry Window

CShA 01.61.00
Study ID REBENDZ " Runoff Hydrograph Parameters (RUNOFF) ]

Enter Basin RBunoff Data
Basin ID UPPER
Upper Sub-basin for App. C example.

Basin Drainage Area (sq mil 7.50
Percent of Drainage Area Impervious 15.0
Enter Monthly Base Flow Rates Yes No

Basin Infiltration Loss Data
Generalized Runoff Coefficients
[Initial-Uniform—Recovery Hethodl

No Losses Computed

RUNDO?

Basin Unit Hydrograph Data
Clark’s Unit Hydrograph
Snyder’s Unit Hydrograph SCS Lag (hr)

[SCS Dimensionless Unit Graphl Display (Tabulate) U. Hyd.?

3CS Dimensionless Unit Hydrograph

4.20
yes [nol

Enter Unit Hydrograph

1Help ZPrtScr 3 4 5 6D0S 7 (5] 9
Press <F10> to 3Save Data and Return

10Exit

FIGURE C.10 SCS Dimensionless Unit Hydrograph Data Eniry Window
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CShA 01.
Study ID RBENDZ

01.00

ﬂ Runoff Hydrograph Parameters (RUNOFF) ]

Enter Basin Runoff Data

RUNOZ5

Time C(hrs?

Basin ID UPPER
Upper Sub-basin for App. C example. Unit Hydro. Duration
Basin Drainage Area (sg ni) ?7.50 Time Unit Hydrograph
Percent of Drainage Area Imperviocus 15.0 (HOUR) |Ordinates (cfs)
Enter Monthly Base Flow Rates Yes No 1 86.0
2 270.7
Basin Infiltration Loss Data 3 556.6
Generalized Runoff Coefficients 4 741.3
[Initial-Uniform—Recovery Method]l 5 766.7
No Losses Computed 6 676.2
? 532.9
Basin Unit Hydrograph Data 8 353.8
Clark’s Unit Hydrograph 9 248.9
Snyder’s Unit Hydrograph 10 180.1
[SCS Dimensionless Unit Graphl 11 127 .2
Enter Unit Hydrograph 12 89.8
1Help ZPrtScy 3 4 5 6b0s 7 8 SPlot 10Exit
Press <F10> to Save Data and Return
FIGURE C.11 Unit Hydrograph Tabulation
UNIT HYDROGRAPH
RBENDZ UPPER
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608 |- -
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FIGURE C.12 Unit Hydrograph Plot
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C.2.5. Channel Routing Data

As noted previously, a channel connects the upper interior sub-basin of the River Bend
interior area to the interior pond. Assume that the channel can be modelled using the
Muskingum method of channel routing. Table C.6 lists the Muskingum routing parameters
for the channel.

TABLE C.6 Channel Routing Parameters for Upper Interior Sub-Basin

Parameter Value
Number of Routing Steps 5
Muskingum K Coefficient 5 hours
Muskingum x Coefficient 0.4

The HEC-IFH RUNOFF data entry module is used to enter these data values, according to
the following sequence of steps:

1. Select Enter Channel Routing Data for Upper Sub-Basin from the Runoff Hydrograph
Parameters (RUNOFF) menu.

2. Use ROUTE] as the Channel Routing ID, and enter an appropriate 40-character
Description.

3. Enter the channel routing parameters listed in Table C.6. Figure C.13 shows the
data entry screen for the Muskingum routing parameters.

4. Press the key to store the ROUTE1 channel routing data and return to the
Runoff Menu Screen.

CSh ©1.01.00 RUNO11
Study ID RBENDZ [ Runoff Hydrograph Parameters (RUNOFF) J]
Ch.Rt.ID ROUTE1
Chamnel Routing Data for Upper Sub-Basin
Muskingum Channel Routing
Number of Routing Steps 5]
Muskingun K Coefficient (hr)
Muskingum x Coefficient 0 .400000
Note Limits for K and x:
1 K 1
< < —
20(1-x) (comp. interval in hrs)(num. of steps) 2x
1Help ZPrtScr 3 4 5 6D0S 7 8 9 10Exit
Press <F16> to Save Data and Return

FIGURE C.13 Muskingum Routing Dctta Eniry Screen
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C.2.6. Specify RUNOFF Module

After the runoff parameters and channel routing data are entered, they are combined into a
single "module" of runoff data. This module is identified by a Module ID. The sub-basin
runoff and channel routing data already entered could be combined with other data
entered later (perhaps a different channel routing method, for example) to form different
modules. To specify the runoff module, the following steps are required:

1. Select Assign Basin Runoff Data Set for Each Sub-Basin from the Runoff
Hydrographs Parameters (RUNOFF) Screen.

2. Use RUNOFF1 as the Module ID, and enter an appropriate 40-character
Description.

3. Press the key and select LOWER as the Basin ID for the lower interior sub-
basin. Confirm that the description and drainage area match those entered earlier.

4, Press the key and select UPPER as the Basin ID for the upper interior sub-
basin. Confirm that the description and drainage area match those entered earlier.

5. Press the key and select ROUTEL1 as the Upper Sub-Basin Channel Routing
ID. Confirm that the description matches that entered earlier.

6. Press the key to store the RUNOFF1 runoff module data and return to the
Runoff Menu Screen. The RUNOFF1 RUNOFF module is ready to be used in a plan
analysis.

CSA 01.01.00 RUNO1?
Study ID RBENDZ ﬂ Runoff Hydrograph Parameters (RUNOFF) ||
Assign Basin Runoff Data Set for Each Sub-Basin
Module ID
Description
Drainage firea
Sub-Basin Basin ID Description (sq mi)
Lower Interior |REEIN Louver sub-basin for App. C exanple. 5.00
Upper Interior|ggii Upper Sub-basin for App. C example. ?7.50
Upper Sub-Basin Channel Routing ID
Channel routing data for fipp. C example.
1Help ZPrtScr 3Index 4 5 6D0S 7 8 9 10Exit
Press <F10> to Save Data and Return

FIGURE C.14 Runoff Data Specification Screen
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C.2.7. Interior Pond Data
The River Bend interior area has an interior pond with the following characteristics:

1. The elevation versus surface area relationship of the ponding area is described
using the data in Table C.7.

2. The interior pond is directly adjacent to the proposed line-of-protection. No interior
ditch is required to convey discharges from the interior pond to the line of

protection.
TABLE C.7 Elevation versus Surface Area Relationship for Interior Ponding Area
Elevation (feet, NGVD) Surface Area (acres) Storage Volume (ac-ft)
591 0 0.0
592 4 2.0
593 10 8.0
594 15 21.5
595 75 66.5
596 130 169.0
597 200 334.0
598 275 571.5
599 400 909.0
600 525 1371.5
601 700 1984.0
605 2000 7384.0

The HEC-IFH POND data entry module is used to enter these data values, according to the
following sequence of steps:

1. Select Interior Pond (POND) from the HEC-IFH Define Interior Analysis Data Menu.
2. Select Enter Surface Areas for Computing Volumes from the Interior Pond Menu
Screen.

3. Use PONDI1 as the Storage Table ID, and enter an appropriate 40-character
Description.

4. Enter the Pond Elevation and Surface Area values listed in Table C.7. The data
entry screen should match the illustration in Figure C.15.

5. Press the [F9] key to plot the surface areas and computed pond storage volumes.

Confirm that the computed pond storage volumes listed in Table C.7 are correct.
The plot is illustrated in Figure C.186.

6. Press the key to store the POND1 interior pond storage data and return to the
Interior Pond Menu Screen.
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CSa 61.01.00 PONDO3
Study ID RBENDZ ﬂ Interior Pond (POND) ﬂ
Enter Surface fireas for Computing Volumes
Storage Table ID Pond Surface | Storage
Elevation Area Volume
Description i) (ac) (acft)
Interior pond for fipp. C example.
0.0
2.0
5.0
21.5
66.5
169.0
334.0
571.5
909.6
1371.5
1984.6
7384.0
8.6
1Help ZPrtScr 3Index 4 5 6D03 s 10Exit
Press <F10> to Save Data and Return
FIGURE C.15 Pond Surface Area Data Eniry Screen
POND SURFACE AREA AND STORAGE UOLUME
REBEND2 POND1
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FIGURE C.16 Pond Surface Area and Storage Volume Plot
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C.2.8. Specify POND Module

After the interior storage data and interior ditch rating curve are entered, they are
combined into a single "module” of pond data. This module is identified by a Module ID.
The interior storage data and interior ditch data already entered could be combined with
other data entered later (perhaps a larger pond, for example) to form different modules. To
specify the POND module, the following steps are required:

1.
2.

Select Specify Module Data from the Interior Pond Menu Screen.

Use INTPOND1 as the Module ID, and enter an appropriate 40-character
Description.

Enter PONDI1 as the Storage Table ID for the interior ponding area. Confirm that
the description matches what you entered earlier.

4. Do not enter a Ditch Table ID. Since this interior ponding area is directly
connected to the outlets at the line-of-protection, there is no need to specify the
capacity of the channel connecting the interior ponding area with the outlets.

6. Press the key to store the INTPOND1 POND module data and return to the
Interior Pond Menu Screen. The INTPOND1 POND module is ready to be used in a
plan analysis.

7. Press the key again to return to the Define Interior Analysis data menu.

CSn 01.01.00 : PONDOS
Study ID REENDZ ﬂ Interior Pond (POND) ]
Specify Module Data

Module ID INTPOND1

Description Interior pond module data for fipp. C.

Storage Table ID IgELIBN Interior pond for App. C example.

Ditch Table ID
1Help ZPrtScr 3 4 5 6D0sS 7 8 9 10Exit

Press <F10> to Save Data and Return

FIGURE C.17 Pond Data Specification Screen

3N



APPENDIX C: HEC-IFH CSA Example Application Interior Flood Hydrology (HEC-IFH) User's Manual

C.2.9. Exterior Stage Data

Before the HEC-IFH program can analyze the River Bend interior area, the exterior stage
records for the Green River must be transferred from the IFHTEST.DSS file. To import the
Green River stage record, follow these steps:

1. Select Exterior Stage (EXSTAGE) from the HEC-IFH Define Interior Analysis Data
Menu.

2. Use EXSTAGEl as the Module ID, and enter an appropriate 40-character
Description. Press the key to continue to the Exterior Stage Menu screen.

Select [A. Specify Exterior Stage] from the Exterior Stage Menu screen.

Use the space bar to select [Main River] as the Primary Outlet Location, since the
stream gage location is close enough to the primary gravity outlet location so that
no transfer relationship is necessary.

5. Select [Use Index Stage Hydrograph for all Outlet Locations] as the appropritate
Transfer Relation.

6. Select [Enter/Import] Index Stage Hydrograph. The Enter/Import Screen will then
appear. (See Figure C.18.)

C3Sn 61.01.00 EXST04
Study ID RBENDZ “ Exterior Stage (EXSTAGE) ﬂ Primary Outlet Location
Module IB EXSTAGE
Enter/Import Exterior Stage Hydrograph
Starting Period Date/Time Elevation
(e.g. 01JAN1989-13003 DaMonYear/HrMn (1)
Ending Period 160CT1954,2400
110CT1954,2400
Time Interval 120CT1954,2460
(e.g. 1HOUR, 1DAaY, ...) 130CT1954./2400
140CT1954/2400
150CT1954./2400
160CT1954.2460
170CT13854,2460
180CT1954./2460
190CT1954.24660
200CT1954.-2400
210CT1954-2400
220CT1954-2400
230CT1954,2400
1Help ZPrtScr 3 10Exit
Press <F10> to Save Data and Exit

FIGURE C.18 Exterior Stage Data Entry Screen

1. Enter a Starting Period of 010CT1950/2400 for the exterior stage hydrograph.
This is the end of the first 1-day period in Water Year 1951.

2. Enter an Ending Period of 30SEP1960/2400 for the exterior stage hydrograph.
This is the end of Water Year 1960.

3. Specify a Time Interval of 1DAY for the exterior stage hydrograph.
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4. After the HEC-IFH program moves the cursor to the top of the Elevation column,
press the key to specify that the data will be imported. Use the file name and
HEC-DSS path name information from Table C.8 for the external HEC-DSS file.
Press the key to begin data import.

5. After the data import procedure is complete, press the key to locate the value for

110CT1954/2400. Confirm that the value is 613.74 feet NGVD. This is the
maximum exterior stage value.

6. Press the [F9] key to plot the data. Use the HEC-IFH plotting capabilities to review
the imported data.

7. Press the key 3 times until the Exterior Stage Menu Screen reappears. Press
the key twice to return to the Define Interior Analysis Data menu screen.

TABLE C.8 External HEC-DSS Data for Exterior Stages

Data Item Value Note

HEC-DSS File Name IFHTEST.DSS 1
HEC-DSS Path Name Part A EXTERIOR -
HEC-DSS Path Name Part B L-O-P -
HEC-DSS Path Name Part C STAGE -
HEC-DSS Path Name Part D 01JAN1900 2
HEC-DSS Path Name Part E 1DAY -
HEC-DSS Path Name Part F COMPUTED —

Note 1: The current directory is the default installation location of the IFHTEST.DSS file. Use a complete DOS path
name if the IFHTEST.DSS file is installed in a different location.
Note 2: For Import, Part D is not used. Any valid date may be entered, including the default date of 01JAN18900.

DAILY MAXIMUM EXTERIOR STAGE
RBEND2 EXSTAGE

613 T T T T T T T T T T T

610 ‘ , . : : . . : : .

685 |- : : . : . : : . : . -

680

595

Elevation (f¢)

S98

oS85

588
Oct Nov Dec Jan Feb Mar APpr May Jun Jul Aug Sey

Hater Year 1955

FIGURE C.19 One-Year Plot of Daily Maximum Exterior Stage Hydrograph

313



APPENDIX C: HEC-IFH CSA Example Application Interior Flood Hydrology (HEC-IFH) User's Manual

C.2.10. Gravity Outlet Data

For the "minimum"” plan, the River Bend interior area is assumed to have a single 4x4 box
culvert draining the interior ponding area. The characteristics of this gravity outlet are
listed in Table C.9.

TABLE C.9 Gravity Outliet Characteristics

Characteristic Value
Width 4 feet
Height 4 feet
FHWA Chart Number 8 (Flared Wingwalls)
FHWA Scale Number 1 (Wingwalls Flared 30-75 degrees)
Number of Identical Outlets 1
Length 200 feet
Manning's n 0.012
Entrance Loss Coefficient 0.4
Exterior Invert Elevation 589 feet NGVD
Interior Invert Elevation 591 feet NGVD

The HEC-IFH GRAVITY data entry module is used to enter these data values, according to
the following sequence of steps:

1.
2.

3.

10.

Select Gravity Outlets (GRAVITY) from the Define Interior Analysis Data Menu.

Select Compute Gravity Outlet Rating Table for Culvert from the Gravity Outlet
Menu Screen. The screen illustrated in Figure C.20 will appear.

Use 4x4BOX as the Outlet Structure ID, and enter an appropriate 40-character
Description.

Use the space bar to select [BOX] as the Culvert Type. The Box Culvert data entry
screen will appear (Figure C.21). Enter the first 4 values listed in Table C.9

describing the box culvert. Press the key to return to the previous data entry
screen.

Enter the Number of Identical Outlets, Length, Manning's n, and Entrance Loss
Coefficient values from Table C.9.

Enter a value of 4 feet for the Tailwater Tabulation Interval. This provides a range
of 6 X 4 = 24 feet for tailwater values, from the exterior invert elevation of 589 feet
NGVD up to 613 feet NGVD.

Enter a value of 20 cfs for the Flow Capacity Tabulation Interval. This provides a
range of 20 x 20 = 400 cfs for flow values. The intervals are used to compute a
gravity outlet table to view or plot. Internally, the program uses a 50 x 50 inverted
gravity outlet trating table for pond routing.

Specify a value of 605 for the Exterior Elevation for Gate Closure. The gravity
outlets will be closed whenever the exterior stage exceeds this value.

Press the key to store the 4x4BOX gravity outlet data and compute the gravity
outlet rating table (See Figure C.22).

Press the [F9] key to plot the gravity outlet rating table (See Figure C.23).

Press the key to store the 4x4BOX gravity outlet rating table and return to the
Gravity Outlet Menu Screen.
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C5a 01.01.00 GRAVO4
Study ID RBENDZ u Gravity OQutlets (GRAVITY) ]
Compute Gravity Outlet Rating Table for Culvert

Dutlet Structure ID RE¥HIDA

Description single 4x4 Box culvert.

Culvert Type: [Box] Circular

Number of Identical Outlets 1

Length (ft)

Manning’s n

Entrance Loss Coefficient

»* Tailvater Tabulation Interval (ft)
=x Flow Capacity Tabulation Interval (cfs)

Exterior Outlet Invert Elevation (ft) 589.00

Interior Outlet Invert Elevation (ft) 591.00

Exterior Elevation for Gate Closure (ft) IS0
* 1,7th the expected elevation range »x 1/20th the expected flow range
1Help = ZPrtScr 3Index 4 5 6D0S 7 8 9 10Exit

Press <F10> to Save Data and Return
FIGURE C.20 Data Entry Screen for Culvert Computations

CShn 01.01.00 GRAVOS
Study ID RBENDZ " Gravity Outlets (GRAVITY) ]

Struc.ID 4X4BOX
Compute Gravity Outlet Rating Table for Box Culvert

Qutlet Dimensions :

Width ft) 4,00
Height (ft) 4 .00
FHUA Chart

08 Flared Winguwalls

09 Flared Winguwall and Inlet Top Edge Bevel

10 90-degree Headwall: Chamfered or Beveled Inlet Edges

11 Skeued Headwall: Chamfered or Beuveled Inlet Edges

12 Non-offset Flared Winguwalls: 3/4-inch Chamfer at Top of Inlet
13 Offset Flared Hingwalls: Beveled Edge at Top of Inlet

FHUA Scale 1]

1 UWingualls flared 38 to 75 degrees

2 Uingualls flared 90 or 15 degrees

3 Uingualls flared 0 degrees (sides extended straight)

1Help  ZPrtScr 3 4 5 6D0S 7 8 9 10Exit
Press <F10> to Save Data and Return

FIGURE C.21 Box Culvert Data Entry Screen
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C3A 01.01.00 GRAVOY9
Study ID RBENDZ ﬂGrauitg Dutlets (GRAVITY) “
Struc.ID 4X4BOX
View Computed Gravity Outlet Rating Table
Headuater Elevation (ft)
Flou TailWater|Tailllater|Taillater |TailWater|TaillWater|Taillater
Capacity No Elev. 1| Elev. 2} Elev. 3| Elev. 4| Elev. 5] Elev. 6
(cfs) l|Taillater 593.00 597.00 601.00 605,00 609.00 613.00
0.0 591.00 593.00 597.00 601.00 605.00 609.00 613.00
20.0]« 592.42 593.05 597.065 601.05 605.05 609.05 613.05
40.0)}* 593.30|= 593.30 597.22 601.22 605.22 609 .22 613.22
60.0}e 594.04]» 594.04 597 .49 601.49 605.49 609.49 613.49
80. 0] 594.71|= 594.71 597.87 601.87 605 .87 609.87 613.87
160.0fi* 595.34= 595.34 598.36 662.36 606.36 610.36 614.36
120.0)l* 596.29]|+ 596.29 598.96 6£02.96 606 .96 610.96 614.96
140.0|]> 597.17|+ 597.17 599.66 603 .66 607 .66 611.66 615.66
160.0)= 598.07|+ 598.67 6006 .48 604 .48 608 .48 612 .48 616.48
180.0l+ 599.09}{= 593.09 601.40 605.40 609.40 613.40 617.40
200 0|« 600.24(x 6606.24 602 .44 606 .44 610.44 614 .44 618.44
1Help ZPrtScr 3 4 5 6D0S 7 8 9P lot 10Exit
= Inlet Control Press <PgDhn>, <PgUp> or <F10>

FIGURE C.22 Computed Gravity Outiet Rating Table

GRAVITY OUTLET RATING TABLE
RBEND2 q4X4B0OX

— NOTAIL ... TAIL1 ---TAILZ2 — TAIL3 .—.TAIlLd TAILS — TAILG

635 r T r . . r . . r T . T r T -

630

625

628

6815

618

a5

Headwater Elev (ft)

f=- 2

595

599 L N . L
2 S5 190 158 288 258 300 350 400

Flouw Rate <{cfs)

FIGURE C.23 Computed Gravily Outlet Rating Table Plot
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C.2.11. Specify GRAVITY Module

After the gravity outlet rating tables are entered or computed, they are combined into a
single "module" of gravity outlet data. This module is identified by a Module ID. The gravity
outlet rating table already computed could be combined with other data entered later
(perhaps an additional outlet, for example) to form different modules. To specify the
GRAVITY module, the following steps are required:

1. Select Assign Location for Each Outlet Structure ID from the Gravity Outlets
(GRAVITY) Menu Screen (see Figure C.24).

2. Use OUTLET1 as the Module ID, and enter an appropriate 40-character
description.

3. Enter 4x4BO0OX as the first Structure ID for the Primary Location. Other Structure
IDs can be left blank, since there are no other primary or secondary gravity outlets
for this analysis. Also, the the River/Levee Station values are optional and can be
left blank.

6. Press the key to store the OUTLET1 module data and return to the Gravity
Outlets (GRAVITY) Menu Screen. The OUTLET1 module is ready to be used in a
plan analysis.

GRAVOY

CSh 01.01.00
Study ID RBENDZ ﬂ Gravity Outlets (GRAVITY) ]

fissign Location for Each Outlet Structure ID

Module ID
= n AL ] — 4x4 box at the primary location.

Primary Secondary 1 |Secondary 2 |Secondary 3 |[Secondary 4
Location Location Location Location Location

Structure 1D 4X4B0X
Structure ID
Structure ID
Structure ID
Structure ID

River-Levee
Station (ni) ¢ 0.00
1Help  Z2PrtScr 3Jindex 4 5 6D0S K 8 10Exit

Press <F16> to Save Data and Return

FIGURE C.24 Screen to Specify GRAVITY Module Data

c.2.12. Specify PLAN and Compute Upper and Lower Sub-Basin Runoff

Each of the building blocks have been completed from which to build a PLAN. Use the [Esd
key to back up to the Continuous Simulation Analysis screen and select the Perform
Interior Analysis option. Figure C.26 illustrates the Plan Specification screen.

1. Specify PLAN1 as the Plan ID and answer "Yes" to create a new Plan ID. Enter an
appropriate 40-character description, such as "Gravity Outlet Only”".
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Use to recall the available PRECIP Modules; highlight PRECIP1 {which should
be the only one listed) and press [Enter]. Press again to accept PRECIP] as the
correct PRECIP module; the short description will appear; verify that this is the
correct module.

Use the key to recall the available Module IDs and select RUNOFF (RUNOFF1),
POND (INTPOND1), and GRAVITY (OUTLET1) Module IDs. Press or use the
down-arrow key to skip the PUMP module. Use the key to choose the EXSTAGE
module (EXSTAGE1).

Skip to the Beginning Date for Analysis box and enter 010CT1950/0100 for
beginning and 30SEP1960/2400 for the Ending Date for Analysis. Use 1HOUR for
the Computation Time Interval.

Press to advance to the next screen and select Perform Lower Sub-Basin
Analysis (+ Upper as Needed). HEC-IFH computes the runoff hydrograph and
routes the flow to the interior pond. A running report of the progress of each step is
displayed during computations. (Note: The analysis of this 10 years of hourly data
will require about 7 megabytes of free storage space for the PLAN1.DSS output file.
On a 25-MHz 80486 computer, about 7 minutes is required to analyze each basin.)

Use the key to back up to the Continuous Simulation Analysis screen. Choose
Hydrologic Analysis Summaries from this screen and press [Fi0]. The Hydrologic
Analysis Summaries menu screen shown in Figure C.26 will be displayed.

Select Rainfall- Runoff Data from the Calculation Period Summaries portion of the
menu (See Figure C.27). Use the key to go to 100CT1954/0100. Observe the
precipitation and runoff from the upper and lower sub-basins during the October
1954 storm event. Press the [F9] key and choose option A. to plot the lower sub-
basin rainfall and runoff (See Figure C.28).

CSA O
Study

Plan ID ig¥ils}] Description Sg{RRATEN:TIRAS =M ) TH

MCB+

1.01.90
ID RBENDZ " Perform Interior Analysis "

n Module

Module ID Description

Basi
Runo

n Average Precipitation [[igiidaieM|Precip. data for App. C.
ff Hydrograph Parameters|{iihi[U3SMIRunoff data for App. C. example.

Interior Pond Interior pond module data for App. C.

Gravity Outlets 1 - 4x4 box at the primary location.

Pump Data

Exterior Stage IR eI | Exterior stage data for App. C example.

Auxiliary Flow
Beginning Date for Analysis (DaMonYear/HriMn) 310CT1950.,.0100
Ending Date for finalysis (DaMonYear/HrMn) 30SEP 19602400
Computation Time Interval (e.g. 1HOUR, 1DAY¥, ...) 1HOUR

1Help 2PrtSer 3 4 5 6D0S 7 8 9 10Exit

Press <F10> to Proceed to the Menu '
FIGURE C.25 Plan Specification Screen
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CSh 01.01.00 MCC
Study ID RBENDZ [ Hydrologic Analysis Summaries J Begin 010CT1956-0100
Plan ID PLAN1 End 30SEP1960,2460
fimalysis Input Summaries Water Year Annual Summaries

N. Rainfall-Runoff Data

B. Rainfall-Runoff Summary 0. Interior/Exterior-/Pump Data

C. Gravity Outlet Data P. Maximum Area Flooded

D. Pump Station Data
Calculation Period Summaries Analysis Record Summaries

E. Rainfall-Runoff Data Q. Maximum Ualues

F. InteriorsExterior Data R. Inflows and Outflous

G. Detailed Inflow Data S. Exceedance Duration Table

H. Detailed Dutflow Data T. Plotting Position Table

I. Detailed Grav. Outflou Data U. Stage-Frequency Table

J. Area Flooded Data Y. Pump Operation
Monthly Summaries fAnalysis Error Hessages

K. Average Monthly Rainfall 4. List Warning/Error Messages

L. Interior/Exterior Data

M. Pump Operation
1Help ZPrtScy 3 4 5 6Db0s [ 8 9 10Exit

Press Letter: or use Arrou Keys and <Enter> to Select

FIGURE C.26 Hydrologic Analysis Summaries Menu Screen

C3a 01.01.00 sumMMo?
Study ID RBENDZ ﬂHydrolngic fimalysis Summaries j Begin 010CT1950,0100
Plan ID PLAN1 End 30SEP1960,2400

E. Calculation Period Summaries — Rainfall-Runoff Data

Louer Sub-Basin Upper Sub—Basin Exterior Basin
Date-Timne recip|Losses |Runof f [[Precip|Losses |Runoff |[Precip {Losses |Runof f
DaMonYearHrim|| (in) (in) | (im) |(cfs) || (in) | (in) |(cfs)
160CT1954,0100 . . 0.20 02| 2057| 0.00] 0.00 0
160CT1954,/0200 . . . . 1349} 0.00| 0©0.00 0]
100CT19540300 . . . . 1698} 0.00| 0.00 0
160CT1954/0400 . . . . 1388} 0.00| 0.60 0
160CT195406500 . . . . 1202} 0.00| ©6.00 0
180CT1954/6600 . . . . 1106} ©0.00{ 0.60 0
100CT1954.,0700 . . . . 105Z|f 0.00| ©0.80 0
937} 0.00] 0.00 6
Select Option: 905} 0.00| 0.60 0
781} ©0.00] 0.00 0
661 0.00| 0.60 0
B. Plot Upper Sub-Basin Rainfall-Runoff 575} 0.00|] 0.00 0
C. Plot Exterior Sub-Basin Rainfall-Runoff

Position with <Pgbn>, <Pglip>, <Dnd>, <Up>, <Home>, <End> or <F4>
FIGURE C.27 Calculation Period Summary of Rainfall-Runoff Data
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ANNUAL RAINFALL-RUNOFF
RBEND2 LOWER PLAN1
—RAINFALL ... LOSSES - - -RUNOFF
7 1 13 i 1 T L) T 1 T a
k Lol
R 418 =
pud
- =
_— 1 2a =
-~
-~ - 38 &
i : a
4 ao
[ ] s
1600 Se g
_____ 1 -
19080 -7 : : Tores . - : . C
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“« 1@@8 |- - - : . : ————— - - : ©
2
v @ee | - . - - : , ‘ A
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ﬂ 4080 | . . . B . . . B . . =
a
% =zee | . : » ‘ B
o 5 .
-9
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WHater Year

FIGURE C.28 Plot of Annual Total Rainfall-Runoff
C.2.13. Perform Pond Routing and Frequency Analysis

1. Press the key to back up to the Continuous Simulation Analysis screen and

select Perform Interior Analysis again. Press the key to exit the Plan
Specification screen.

2. Next choose Perform Frequency Analysis (Plus Pond Routing As Needed). Note that
this choice will also perform any needed upstream calculations; none are required if
you are following this set of instructions. Use a value of 591.1 for the Starting
Pond Elevation and 0.1 for the Minimum Head for Gravity Outlet Operation.
Since there are no pumps in this plan, skip Operate Pumps, Gravity Outlets
Simultaneously. Select "Annual" for the Type of Frequency Analysis (see Figure
C.29).

3. Press to perform the calculations. Again the program displays a computation

progress report. The flow is routed through the interior pond and the interior area
stage-frequncy relationship is determined. These steps require about 26 minutes
on a 25MHz 80486 PC. The program performs several passes to arrive at various

totals. Be sure to press the key after the analysis is completed to save the
computed data.

4. Press the key twice to back up to the Continuous Simulation Analysis menu
screen. Choose Hydrologic Analysis Swmmaries to view the results of this plan.
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From this menu screen, choose Stage-Frequency Table to view the interior area
stage-fequency relationship based on 10 years of record (Figure C.30).

C3A 01.01.00 CALCO2
Study ID RBENDZ ﬂ Perform Interior finalysis H
Perform Frequency finalysis (Plus Pond Routing as Needed)
For New Pond Routing Analysis, enter or change:
Starting Pond Elevation (ft) 591.10
Minimum Head for Gravity Outlet Operation (ft) 0.10
Operate Pumps, Gravity Dutlets Simultaneously? Yes [Mol
For Frequency finalysis, set:
Generate Annual Series or Partial Series?
For Partial Series:
Threshold Elevation for events (ft) ©.00
Minimum days between events 0
1Help ZPrtScr 3 4 ) 6D0S 7 8 9 10Exit
Press SPACE to select: Press <F10> to Perform Analysis
FIGURE C.29 Pond Starling Conditions Screen
CSn 01.01.00 SuMM25
Study ID RBENDZ ﬂ Huydrologic Analysis Sumnaries ] Begin ©010CT1950,/0100
Plan ID PLAN1 End 30SEF1960-,2400

U. Analysis Record Summaries — Stage-Frequency Table

fnual Series

% Chance Method of Computed Storage |Computed Interior|Adjusted Interior
Exceeded] Computation (ac-ft) Stage (ft) Stage (13
99 Extrapolation 540.3 597.87
90 Interpolation 5¢72.5 598.00
50 Interpolation 1319.9 599.89
207 Interpolation 2661.7 601.06
102 Interpolation 2996.7 601.75
4 Extrapolation 5362.7 663.50
27 Extrapolation 7868.7 665.60
1x Extrapolation 11109.2 605.00
0.5« | Extrapolation 15232.1 605.00
9.2~ | Extrapolation 22323.3 605.00
1Help ZPrtScr 3 4 5 6Das ? 9FPlot 10Exit

Press <F10> to Return

FIGURE C.30 Stage-Frequency Table
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MAXIMUM INTERIOR ELEVATION - ANNUAL SERIES
REEND2 PLAN1
e COMPUTED_____ADJUSTED____ PEAK

606
604 4 b
6083 L
602 4

GBL Aol

Elevation (ft)

600 - o

599 « -

So8 L i

S97 1 = T ~— ; | B
99 .99 99.8 9998 96 98¢ 80 70 685840380 28 19 4 2 1 8.2 8.81

Frequency (X

FIGURE C.31 Stage-Frequency Plot

C.3. "ADD A PUMP" ANALYSIS

A second plan will be formulated which uses a pump in addition to the 4 x 4 box culvert.
Formulation of a second plan will allow a comparison of the plans.

The new plan, which will be named PLAN2, is still part of the RBEND2 study. The PRECIP,
RUNOFF, EXSTAGE modules prepared as part of PLAN1 will also be a part of PLANZ2.
These data values do not have to be entered again. A new PUMP module must be prepared.

C.3.1 Prepare PUMP Module

1. From the Define Interior Analysis Data menu screen, choose Pumnp Outlets (PUMP).
Choose Enter Pump Unit Data. Figure C.32 illustrates the data entry screen which
will appear.

2. Use PUMPI for a Pump Unit ID. Supply an appropriate 40-character description.

3. The Estimated Head Loss (friction, etc.) is 1 foot. The Total Head-Capacity-
Efficiency values for the pumping unit are listed in Table C.10.

4. Use elevation 600 as the Pump Start Elevation and elevation 598 as the Pump
Stop Elevation for all months. For quicker data entry, type (*) or ditto (") on the
second through twelfth rows to copy the data values from the row above.

5. After completing the data entry, press the key to plot the Total Head versus

Capacity curve and start/stop elevations for the pumping unit (Figures C.33 and
C.34).
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6. Use to save the data and choose Assign Pump Unit for Each Pump Station in

order to name the PUMP module.

7. Name the PUMP module PUMPMOD1. Add an appropriate 40 character description.
Use the key to select the Pump Unit (PUMP1 should appear in the list of

available pumps.)

8. Use to save the data and to back up to the Continuous Simulation

Analysis menu screen.

TABLE C.10 Total Head-Capacity-Efficiency Characteristics of Pumping Unit

Total Head (feet) Capacity (cfs) Efficiency (%)
0 200 50
15 190 68
18 185 72
20 175 77
23 150 86
25 120 80
28 50 70
30 0 0
CSA 01.01.00 PUNPO2

Study ID RBENDZ

ﬂPunp Outlets (PUMP) ﬂ

Pump Unit ID and Description iglidgl

Estimated« Head Loss (ft) 1.00

Total Head| Capacity |Efficiency
at) (cfs) &)

fi. Plot Head vs. Capacity

B. Plot Start/Stop Elevations

Enter Pump Unit Data

Pump unit for App. C example.

»Total Head = Static Head + Est Head Loss

P
Month

unp Start
Elev.(ft)

Punp Stop
Elev.(ft)

Oct
Nov
Dec
Jan
Feb
Mar
fipr
May
Jun
Jul
Aug
Sep

Press <F10> to Save Data and Return

10

Exit

FIGURE C.32 Pump Unit Data Entry Screen
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RBEND2

32

PUMP CAPACITY
PUMP1L

Head (ft)

e N & OB

1 J i

(=]

80 pi-l- 120 140 160 ig8 200

Capacity (cFfsd

FIGURE C.33 Plot of Pump Capacity Versus Head and Efficiency

MONTHLY
REBEND2

688 .2

PUMP STARI/STOFP ELEVATIONS
PUMPL

500 .0

S599.8

§599.6

599 .4

599.2

599.86

598.8

A I

Elevation (ft)

0998.6

598 .49

0998.2

598 .09

597 .8

Oct Nowv Dec Jan

Feb

Mar Apr Jun Jul Sep

Month

May Ang

FIGURE C.34 Plot of Monthly Pump Start/Stop Elevations
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CSA 61.01.60 PUMPO3
Study ID RBENDZ H Pump Outlets (PUHP)]
fissign Pump Unit for Each Pump Station
Module ID PUMPMOD1
I 31400 MPunp nodule for App. C example.
Punp Number| Pump Unit ID | Description
1. PUMP1 Punp unit for App. C exanple.
2.
3.
4.
5.
6.
7.
8.
9.
10.
1Help ZPrtScr 3 4 5 6Db0S 7 a8 9 10Exit
Press <F10> to Save Data and Return

FIGURE C.35 Screen to Specity PUMP Module Data
C.3.2 Prepare PLAN2

1.

2.

Choose Perform Interior Analysis from the Continuous Simulation Analysis menu
screen.

Use PLAN2 as a Plan ID and insert an appropriate 40 character Description. Use
the key to choose the Module ID for Basin Average Precipitation, Runoff

Hydrograph Parameters, Interior Pond, Gravity Outlet, Pump Data, and Exterior
Stage. Note that only the PUMPMOD1 module is new to this Plan; all the others are
also part of PLANI1.

As before, the Beginning Date for Analysis is 010CT1950/0100, the Ending Date
for Analysis is 30SEP1960/2400 and the Computation Time Interval is 1IHOUR.

Use to save the data; choose Perform Pond Routing Analysis (+ Upper, Lower,

Ext, as needed) from the menu. Use a starting pond elevation of 591.1 and a
minimum head for gravity outlet operation of 0.10 (same values as in PLAN1). Use
YES to operate pumps, gravity outlets simultaneously.

As before, you will be notified of the progress of the computations. Note that you
have selected to do the complete analysis (except for the frequency analysis) in one
operation for this plan.

Choose Perform Frequency Analysis to complete the analysis for PLAN2. To compare
plans 1 and 2, press the @ key twice to return to the Continuous Simulation

Analysis menu screen. Select Comparison of Plans. Use the Index key to select

the plans to compare. Figures C.37 through C.44 show the plan comparison
screens. Results may vary in later versions of the program.

325



APPENDIX C: HEC-IFH CSA Example Application Interior Flood Hydrology (HEC-IFH) User's Manual

MCD+

CSh 01.01.00
Study ID RBENDZ n Conmparison of Plansﬂ

Plan No.“ Plan ID Plan Description

PLAN1 Gravity outlet omnly.
IPLANZ 4x4 Box culvert with 200-cfs pump.

3O U LI e

iHelp ZPrtScr 3Index 4
Press <F10> to Proceed to the Menu

FIGURE C.36 CSA Plan Comparison Summaries Pian Selection Screen

CSa 01.01.00 comMprozZ
Study ID RBENDZ E Conparison of Plansﬂ
fA. Analysis Summaries - Maximum Values
Interior Head Differential Punp Data
Exterior firea
Elew. Elev. | Flooded|[Positive|Negativel] Head Outf low

Plan ID}| (ft) ftl (ac) (ftl ut) (rtl (cfs)

PLAN1 613.74]] 602.89] 1313.9 17.34} -11.00 6.00 0.0

PLANZ 613.74|| 662.28| 1114.5 17.34f -11.53 11.53 199.3
1Help ZPrtScr 3 4 5 6D0sS ? 8 9 10Exit

Press <F10> to Return

FIGURE C.37 Maximum Values Analysis Summary
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CSA 01.61.00 CconMpPo3
Study ID RBENDZ ﬂ Conparison of Plans ]
B. Analysis Summaries — Flood VUolume Data
Inflow (ac-ft) Dutf low (ac-ft)
Routed Runoff
fron into Auxil- Diver-

Plan ID Upper Lower iary [SeepagellGravity] Pump sion |Overflou
PLAN1 65896. 48277. 0. 0.(|114377. 0. 0. 0.
PLANZ 65896. 48277 . 0. 0.]j105571.] 8869. 0. 8.
lHelp Z2PrtScr 3 4 5 6D0S 7 8 9 10Exit

Press <F16> to Return
FIGURE C.38 Flood Volume Analysis Summary
CSa 01.01.00 COMPOS
Study ID RBENDZ ﬂComparison of Plans ﬂ
D. Gravity Outlet Analysis - Days Blocked
Total Days Blocked fiverage Annual Days Blocked

Plan ID§| Prin.|Sec. 1|Sec. 2|Sec. 3|Sec. 4}l Prin.|Sec. 1|Sec. Z|Sec. 3|Sec. 4
PLAN1 139, 6. 0. 0. 9. 14. 0. 0. 0. 0.
PLANZ 143. 8. 9. 8. 0. 14. 0. 0. 9. 0.
1Help ZPrtScr 3 4 5 6D0S 7 & 9 10Exit

Press <F10> to Return

FIGURE C.39 Gravity Outlet Days Blocked Summary
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CSa 01.01.00 COoMPoO?
Study 1D RBENDZ EComparisun of Plans ]
F. Interior fimalysis — Maximum Interior Elevations
firea | Total Peak Elevation (ft) us.
Prin.| Pump Percent Chance Exceedence Frequency Event
Grav.| Cap.

Plan IDji(sgft)| (cfs)ff 506» 207 10 4 2% 1 0.22
PLAN1 16.0 0.0}l 599.89| 601.06| 601.75| 603.50] 605.00] 605.008] 665.00
PLANZ 16.0| 200.0)] 599.80| 600.85| 601.46] 662.46| 603.37| 604.44] 605.00

1Help ZPrt3cr 3 4 ) 6D0S 7 8 IPlot 16Exit
Press <F10> to Return
FIGURE C.40 Maximum interior Elevations Summary
MAXIMUM INTERIOR ELEVATION
REEND2
—_PLAN1 . PLAN2
21129 R
EOS Ao ?
5 : . : : : : : . . : N :
=L R R A A R A AR RS A A
-] :
- 5
':; 681 +—-
> :
= : oo :
W G888 4+ - e e e D]

S99 ot ‘}

598 +-

597 : it ; B B e e i i ;

99.99 99.8 9998 96 98 80 7069594930 280 10 4 2 1 8.2 2.01
Frequency {¥%>

FIGURE C.41 Maximum Interior Elevation Plot

328



Interior Hood Hydrology (HEC-IFH) User's Manual APPENDIX C: HEC-IFH CSA Example Application

C3a 01.01.00 comMres
Study ID RBENDZ ﬂ Comparison of Plans ﬂ
G. Interior Analysis — Duration of Interior Flooding
Area | Total Average Annual Days Flooded
Prim.| Pump
Grav.| Cap. 592.41 598.56]| 599.56
Plan ID|(sqft)| (cfs)|[Elev. 1{Elev. 2|Elev. 3|Elev. 4|Elev. 5|Elev. 6|Elev. ?
PLAN1 16.0 0.0) 186.5 ?3.2 36.5 14.6 7.3 3.6 0.7
PLANZ 16.0] 260.06}] 107.6 72.0 34.9 12.5 5.5 1.9 0.7
1Help  ZPrtScr 3 4 5 6D0S 7 8 9Plot  10Exit
Press <F10> to Return
FIGURE C.42 Durdtion of Interior Flooding Summary
AVERAGE ANNUAL DAYS FLOODED
RBENDZ2 PLANZ
——PLAN1  ___ PLAN2
683 T T T T ¥ T T T T T T T T T T T T T
a2 -
6081 -
=y ] .
5999 -1
:ﬂ-: s98 -
§ 297 -1
E 596 .
2
B 595 -
594 4
S93 =
s92 -
991 . .
- 28 49 [ ] 88 188 i1z2e 140 160 180 208
Dayus

FIGURE C.43 Duration of Interior Flooding Plot
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CcomMpo9

CSa 01.01.00
Study ID RBENDZ ﬂ Comparison of Plans ﬂ

H. Interior Analysis - Maximum Interior Area Flooded

firea | Total Maximum Interior Area Flooded (ac) vs.

Prim.| Pump Percent Chance Exceedence Frequency Event

Grav.| Cap.
Plan ID|(sqft)| (cfs))} 50« 2067 10x § 74 27 1~ 8.2~

PLAN1 16.0 8.0
PLANZ 16.0| 2098.0

N o

6.5 B2.8] 231.4} 345.4| 469.5] 1001.6
6.0

73.9| 210.6] 290.8] 401.7] 603.9

[

ZPrtScr 3 6D0S 9Plot  10Exit

Press <Fi0> to Return
FIGURE C.44 Maximum Interior Area Fliooded Summary

MAXIMUM INTERIOR AREA FLOODED
REBEND2 PLANZ2
—FPLAN1 oo PLANZ

11e0
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99 .99 99.8 999896 98 8\ 7068504030 28 190 4 2 1 a.2 2.01
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FIGURE C.45 Maximum intferior Area Flooded Plot
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APPENDIX D.
HEC-IFH HEA Example Application

This appendix demonstrates the application of the Interior Flood Hydrology (HEC-IFH)
computer program to a simple example of a detention system analysis problem using
Hypothetical Event Analysis. Appendix C provides an example of a Continuous Simulation
Analysis. A gravity outlet and ponding area will be evaluated by determining basin area
runoff from a wide range of hypothetical storm events and routing the runoff through the
ponding area and line-of-protection to the point of discharge.

D.1. BACKGROUND INFORMATION

The community of Silver Creek is is served by a flood protection system which utilizes an
existing levee and ponding area. The storage area discharges into the Big River through a
48-inch corrugated metal pipe culvert. The Silver Creek watershed consists of one basin,
with 15 square miles of drainage area. Figure D.1 illustrates the Silver Creek watershed.

Line of Protection

T S
Big River .‘.:‘-‘.-.2‘.‘.<.'.1‘-‘.‘3:‘.‘_'4‘.‘-?-:-.2'.\———-"'—-_ ——
L
.;*':"
-.l‘.“.‘
R, U -
Natural Ponding Silver Creek _/ \_/
—
i Areq
o
24 ."

FIGURE D.1 Silver Creek Interior Area

The existing Silver Creek flood protection system has worked adequately during historical
storm events. However, because of development within the watershed, the citizens of the
Silver Creek community are concerned about the ability of the existing facilities to
accommodate large storm events. Therefore, the focus of this analysis will be on "design
storm” events — hypothetical storms which represent standardized rainfall depths and
distributions. Rainfall data for hypothetical frequency storms will be taken from TP-40
[Hershfield, 1961]. The Standard Project Flood will also be analyzed.

Because the watershed of Silver Creek is very small in comparison with the watershed of
Big River, it is not reasonable to expect that the two streams would be affected
simultaneously by the same design storm events. Therefore, this analysis will concerned
with design storms which occur over the Silver Creek watershed only. The elevation in Big
River will be assumed to be at its normal low level throughout the analysis, so the 48-inch
culvert outlet will be unblocked.
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The procedures specified in Appendix B of this manual create a sub-directory called
"SILVER" within the HECIFH directory on the hard disk. This sub-directory contains the
correct input data for the example problem described in this appendix. Do not modify the
data stored in the SILVER sub-directory. It should be preserved in its original condition for
comparison with data developed in this appendix. To view the SILVER input data and
results, specify SILVER as the Study ID for HEC-IFH, as described in Chapter 2 of this
manual. To begin working through the example problem described in this chapter, specify
a new HEC-IFH Study ID called SILVERCR.

MCAB
Runoff
Hydrograph
Parameters
(RUNCFF)

MA MCAC
Program interlor Pond
Configuration (POND)

MB
Data
Management
Utllitles

MC
‘ MCB MCAE
Continuous Perform Interior Pump Outiets
Simulation Analysis (PUMP,
Analysis (CSA) nas )

MCC
MCAF
Hydrologic Exterlor Stage
Analysls EXSTAGE)
Summaries

MCD
MCAG
Compatison of Auxillary
H\z‘fgfoélc Inflow/Outflow
Results (AUXFLOW)

FIGURE D.2 HEC-IFH Program Menu Hierarchy
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D.2. PRECIPITATION DATA
To start the HEC-IFH program and prepare to enter precipitation data, follow these steps:

1.

N oo e P

Use the DOS command CD \HECIFH and press to change to the HECIFH
directory on the hard disk.

Type HECIFH and press to start the HEC-IFH program.

Press any key to proceed to the Study ID screen.

Specify SILVERCR as the current Study ID.

Select Hypothetical Event Analysis from the HEC-IFH main menu.

Select Define Interior Analysis Data from the Hypothetical Event Analysis menu.

Select Basin Average Precipitation from the Define Interior Analysis Data menu. The
screen shown in Figure D.3 will appear.

1Help

HEA 01.01.00
Study ID SILVERCR “Basin Average Precipitation (PRECIP) II

MBAA+

Module 14  Syii)iubh
e Sy s lPrecip. depth-duration data.
Storn Area (sqg ni)d 15.00

Type of Series = [Amuall Partial

Time Interval (e.g., 1HOUR, 1DAY> i il

% NDTE: ANNUAL - Convert Rainfall fraom Partial to Annual
PARTIAL - No Conversion

ZPrtScr 3Index 4 5 6D03 e 8 9 10Exit
Press <F10> to Proceed to the Menu

FIGURE

D.3 Hypothetical Event Analysis Data Specification Screen

To specify the PRECIP module, the following steps are required:

1.

Use STORM1 as the PRECIP Module ID, and enter an appropriate 40-character
Description.

Enter a Storm Area of 15 square miles (equal to the Silver Creek watershed area).

Highlight "Annual” and press the space bar to select the Type of Series. Since the
rainfall depth data taken from TP-40 represent partial series data, the program will
convert the data to annual series for the analysis.

Enter a Time Interval of IHOUR.
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5. Press the key to proceed to the Basin Average Precipitation menu screen.

6. Select Enter Data to Compute Hypothetical Storms from the Basin Average
Precipitation menu screen to proceed to the Rainfall Depth-Duration-Frequency
data entry screen. Figure D.4 shows this screen.

7. Enter the values listed in Table D.1.

8. Press the key to proceed to the Standard Project Storm data entry screen.
Figure D.5 shows this screen. Enter a Standard Project Index Precipitation of 9.0
inches and a STORM Reduction Coefficient (Shape Factor) of 1.00.

9. Press the key to return to the Basin Average Precipitation menu screen. The
necessary precipitation data have been entered.

TABLE D.1 Rainfall Depth-Duration-Frequency Data for Silver Creek Watershed
Rainfall Depths (inches) for each Hypothetical Storm Frequency (%)

Duration 50% 20% 10% 4% 2% 1% 0.2%
1 hour 1.50 1.65 1.95 2.30 2.50 2.75 3.20
2 hours 1.80 2.00 2.30 2.70 2.90 3.25 3.60
3 hours 2.20 2.40 2.60 2.90 3.25 3.60 4.00
6 hours 2.40 2.60 3.00 3.50 3.80 4.25 4,70
12 hours 2.60 3.00 3.50 4.00 4.50 5.00 5.60
24 hours 2.80 3.50 4.00 4.60 5.20 5.70 6.20
HEA 01.01.60 PRECE6
Study ID SILVERCR “ Basin Average Precipitation (PRECIP) "
Module ID STORM1
Enter Partial-Duration Rainfall Depth-Duration-Fregquency Data
Rainfall Depth (in) for each Hypothetical Event
Duration 50 207 10 4 27 1x 0.22
5 minutes 6. 8
15 minutes 0. 0. 0]
1 hour 1. 1. 1
Z hours 1. Z. 2
3 hours Z. 2. 2
6 hours 2. 2. 3
12 hours 2. 3. 3
24 hours Z. 3. 4
Z days 0. o. 0
4 days 8. 0. 0
7 days 0. 0. 0
10 days 6. 0. 0

1Help  Z2PrtScr 3

Press <F10)> tg Save Data and Continue

FIGURE D.4 Rainfall Depth-Duration-Frequency Data Entry Screen
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HEA 061.01.00 i PRECO8
Study ID SILVERCR | Basin fiverage Precipitation (PRECIP) "
Module ID STORM1 :
Enter Standard Project Storm (SP3) Rainfall Data

Standard Project Index Precipitation (in) 9.00

STORM Reduction Coeff icent (Shape Factor) 1.000000
1He lp ZPrtScr 3 4 5 6D0S 7 8 3 10Exit

Press <F10> to Save Data and Return

FIGURE D.5 Standard Project Storm Data Entry Screen

After the hypothetical frequency rainfall depths and Standard Project Storm data have
been entered, follow these steps to view the computed precipitation:

1,

Select View Table of Storm Distribution from the Basin Average Precipitation menu
screen. Figure D.6 shows the screen used to view a computed storm distribution.

Press the [F9] key to display the window used to select flood events for plotting. Plot

a mass rainfall curve including all flood events. Figure D.7 illustrates the
appearance of the plot. As indicated, the SPF is a 4-day (96-hour) event while the
other storms are 1-day (24-hour) events. On a color computer monitor, each of the

individual storm events would be plotted in color. Press the key to exit the
plot screen.

Press the key twice to return to the Define Interior Analysis Data menu
screen.
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HEA 01.01.00 PRECO1
Study ID SILVERCR ﬂinasin Average Precipitation (PBECIP)H
Module ID STORM1
Vieu Table of Storm Distribution
ANNUAL series Storn fArea: 15.00 (sq mi)
Precipitation (in) for each Hypothetical Frequency and 3PS
DasHrMn 50 207 10 4 2z 1 8.2x srs
1,0100 0.01 6.63 0.03 0.04 8.05 6.065 0.64 0.00
1,0200 6.01 0.63 0.04 0.64 0.05 0.05 0.04 0.00
10300 6.01 0.04 0.04 6.65 0.65 0.65 0.065 0.00
1,0400 0.02 0.04 6.04 06.65 6.06 0.66 0.65 0.00
1./6560 0.02 0.04 0.05 0.06 0.07 0.07 0.06 0.00
1./6660 0.02 0.05 6.65 0.06 0.07 0.07 0.06 0.00
1/0700 0.02 6.065 6.07 0.07 8.10 6.10 0.13 6.01
1./6860 0.03 0.66 0.08 0.08 8.11 0.12 0.14 6.01
0.13 0.14 0.17 0.01
Select Flood Events 6.16 0.19 0.20 6.01
6.22 0.26 0.28 0.01
50+ 20~ 102 4~ 2x 1z 0.2z 0.42 0.52 0.44 8.01

B B B B B B G
Position with <Pgbn>,

Pglip>, <Dn>, <lip>, <Home>, <End>

FIGURE D.6 Storm Distribution Table

MASS RAINFALL CURVE
SILUERCR STORM1L
- ] —.B A8 3 —rt —r —B.2x —SPS
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®» + N ® & O 0O N 0V

Time <Days?d

FIGURE D.7 Plot of Mass Rainfall Curves for Hypothetical Storm Events
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D.3 BASIN RUNOFF DATA
Runoff from the Silver Creek watershed will be computed using available data:

1. Base Flow: The Silver Creek watershed carries a base flow, which is estimated
according to the parameters listed in Table D.2.

2. Infiltration Losses: The infiltration losses for the watershed can be estimated
using the Initial-Uniform method, with the loss parameters listed in Table D.2.

3. Runoff Characteristics: The runoff characteristics of the watershed can be
modeled using the SCS Dimensionless unit hydrograph, with the unit hydrograph
parameters listed in Table D.2,

TABLE D.2 Runoff Parameters for Silver Creek Watershed

Parameter Value
Basin Drainage Area 15 square miles
Base Flow at Start of Storm 50 cfs
Ratio to Peak Below which Base Flow Starts 0.15
Ratio of Recession Flow One Hour Later 1.03
Initial Loss 0.50 inches
Uniform Loss Rate 0.02 inches/hour
% of Drainage Area Impervious 10%
SCS Lag 5 hours

The HEC-IFH RUNOFF data entry module is used to enter these data values, according to
the following sequence of steps:

1. Select Runoff Hydrograph Parameters (RUNOFF] from the Define Interior Analysis
Data Menu.

2. Select Enter Basin Runoff Data from the Runoff Hydrograph Parameters menu
screen.

3. Use SILVER as the Basin ID, and enter an appropriate 40-character Description.
Enter the runoff data parameters listed in Table D.2 as follows:

a. First enter the Basin Drainage Area and Percent of Drainage Area
Impervious.

b. Specify base flow and recession data by first highlighting Yes for Enter Base
Flow and Recession and pressing the space bar. A window will appear,
containing data entry fields for Flow at Start of Storm, Ratio to Peak, and
Ratio of Recession Flow One Hour Later. Enter these values. Figure D.9
illustrates the data entry window for Base Flow and Recession Parameters.

c. Specify the appropriate Basin Infiltration Loss Data by first highlighting Initial-
Uniform Method and pressing the space bar. A window will appear, containing
data entry fields for Initial Loss and Uniform Loss. Enter these values. Figure
D.10 illustrates the data entry window for the Initial-Uniform loss method.

d. Select the appropriate Basin Unit Hydrograph Data by first highlighting SCS
Dimensionless Unit Graph and pressing the space bar. A window will appear,
containing a data entry field for SCS Lag. Enter this value. Figure D.11 shows
the data entry window for the SCS Dimensionless Unit Hydrograph Method.

e. After entering the SCS Lag value, select 'yes' to display (tabulate) the umnit
hydrograph. Another window will appear for tabulating the unit hydrograph.
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Specify a 1HOUR unit hydrograph duration. The SCS Unit Hydrograph will be
computed and displayed. (See Figure D.12).

f. Press the key to exit the unit hydrograph window.

5. Press the key again to store the SILVER basin runoff data and return to the
Runoff Hydrograph Parameters menu screen.

HEA 01.061.00 RUNO18
Study ID SILVERCR ﬂ Runof f Hydrograph Parameters (RUNOFF) “
Enter Basin Runoff Data
Basin ID S ILUER [Silver Creek using SCS UHG & I-U loss
Drainage Area (sq mi) 15.060
Percent of Drainage Area Impervious 16.0
Enter Base Flow Data and Recession [RESILE
Infiltration Loss Data Unit Hydrograph Data
SCS Curve Number Method Clark’s Unit Hydrograph
Holtan Method Snyder’s Unit Hydrograph
Green—-Ampt Method [SCS Dimensionless Unit Graphl
[Initial-Uniforn Method 1] Enter Unit Hydrograph
No Losses Computed
1Help ZPrtScr 3index 4 5 6D0S ? 8 9 10Exit
Press <F10> to Save Data and Return

FIGURE D.8 HEA Basin Runoff Data Screen
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RUNO19

HEa 061.01.00 -
Study ID SILVERCR ﬂ Runoff Hydrograph Parameters (RUNOFF) "

Enter Basin Runoff Data
Basin ID SILVER Silver Creek using SCS UHG & I-U loss

Drainage Area (sq mi) 15.00
Percent of Drainage fAirea Impervious 16.09

Enter Base Flouw Data and Recession Yes No

Infiltration Loss Data Unit Hydrograph Data
SCS Curve Number Method Clark’s Unit Hydrograph
Holtan Method Snyder’s Unit Hydrograph

[SCS Dimensionless Unit Graphl

Enter Unit Huydrograph

Green-Anpt Method
[Initial-Uniforn Method 1
No Losses Computed

| Base Flow and Recession Paraneters
Flou at Start of Storm (cfs)

Flou Belouw which Base Flou Starts (cfs)
or Ratio to Peak

1Help ZPrtScr 3 4 5 . 6D0S 7 &
Press <F10> to Save Data and Return

FIGURE D.? Base Flow and Recession Data Entry Window

HEA 01.01.00 7 RUNOZ3
Study ID SILVERCR E Runoff Hydrograph Parameters (RUNDFF) "
Enter Basin Runoff Data
Basin ID SILVER Silver Creek using SCS UHG & I/U loss
Drainage firea (sq mi) 15.00
Percent of Drainage Area Impervious 10.0
Enter Base Flow Data and Recession Yes No
Infiltration Loss Data Umit Hydrograph Data
SCS Curve Number Method Clark’s Unit Hydrograph
Holtan Method Snyder’s Unit Hydrograph
Green-Ampt Method [SCS Dimensionless Unit Graphl
[Initial-Uniforn Method 1 Enter Unit Hydrograph
No Losses Caomputed
Initial-Uniforn Method
Initial Less (in) 3.500
Uniforn Loss (inshr) 0.020
1He lp ZPrtScr 3 4 5 6D0S ? 8 9 10Exit

Press <F10> to Save Data and Return

FIGURE D.10 Initial-Uniform Data Entry Window
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RUNOZS

HEA 01.61.60
Study ID SILUERCR ﬂ Runoff Hydrograph Parameters (RUNDFF) ]

Enter Basin Runoff Data
Basin ID SILVER Silver Creek using SCS UHG & I-U lass

Brainage Area (sg ni) 15.00
Percent of Drainage firea Impervious 10.0

Enter Base Flow Data and Becession Yes No

tmit Hydrograph Data
Clark’s Unit Hydrograph
Snyder’s Unit Hydrograph

Infiltration Loss Data
SCS Curve Number Hethod
Holtan Method
Green—Anpt Method

[SCS Dinensionless Unit Graphl
[Initial-Uniforn Hethod 1 Enter Unit Hydrograph

No Losses Computed

——SCS Dimensionless Unit Hydrograph—-
SCS Lag (hr)

> . 000
Display (Tabulate) U. Hyd.?

1Help 2ZPrtScr-3 4 5 6D0S ? 8 10Exit
Press <F10> to Save Data and Return

FIGURE D.11 SCS Dimensionless Unit Hydrograph Data Entry Window

RUNOZ9

HEA 01.01.00
Study ID SILVERCR [I Funof f Hydrograph Parameters (RUNOFF) ﬂ

Enter Basin Runoff Data
Basin ID SILVER Silver Creek using SCS UHG & I loss

Drainage Area (sq mi) 15.60 Unit Hydro. Duration
Percent of Drainage Area Impervious 10.0
Tine Umit Hydrograph
Enter Base Flou Data and Recession Yes No (HOUR) |Ordinates (cfs)
Infiltration Loss Data Unit Hydregraph 1 114.9
SCS Curve Humber Method Clark’s Unit 2 356.7
Holtan Method Snyder’s Unit 3 732.6
Green—-fAnpt Method SCS Dimension 4 1119.2
[Initial-Uniforn Method 1 Enter Unit Hy 5 1304.7
Mo Losses Computed 6 1304.7
? 115?.5
8 955.2
9 689.5
10 499.2
11 368.7

1Help ZPrt3Scr 3 6D0S 9Plot  10Exit

Press <F10> to Save Data and Return

FIGURE D.12 Unit Hydrograph Tabulation
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D.3.1. Specify RUNOFF Module

After the runoff parameters and channel routing data (if present) are entered, they are
combined into a single "module” of runoff data. This module is identified by a Module ID.

To specify the runoff module, the following steps are required:

1. Select Assign Basin Runoff Data Set for Each Sub-Basin from the Runoff
Hydrographs Parameters (RUNOFF) Screen. The screen illustrated in Figure D.13
will appear.

2. Use ROMOD1 as the Module ID, and enter an appropriate 40-character
Description.

3. Press the key and select SILVER as the Basin ID for the lower interior sub-
basin, for each hypothetical storm frequency event and SPF.

6. Press the key to store the ROMODI1 runoff module data and return to the
Runoff Menu Screen. The RUNOFF module is ready to be used in a plan analysis.

HEA ©1.01.00 RUNO32
Study IP SILVERCR ﬂ Runoff Hydrograph Parameters (RUNOFF} ]
Assign Basin Runoff Data Set for Each Sub-Basin
Module ID
Description
Basin ID for each Hypothetical Freguency Event and SPF
Sub
Basin | 50 20 10 k74 g b 0.2 SPF

TS TIVER  [ISILVER |[SILVER |ISILVER |ISILVER [ISILVER |[SILVER [[SILVER
Upper

Upper Sub-Basin Chanmel Routing ID [N

1Help 2PrtScr 3 10Exit
Press <F16> to Save Data and Return

FIGURE D.13 Runoff Data Specification Screen
D.4 INTERIOR POND DATA

The Silver Creek pond and wetland area has the following characteristics:

1. The elevation versus surface area relationship of the ponding area is described
using the data in Table D.3.

2. The ponding area is directly connected to the outlet. No interior ditch is required to
convey discharges from the pond to the outlet.
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TABLE D.3 Elevation versus Surface Area Relationship for Ponding Area

Elevation Surface Area Storage Elevation Surface Area Storage
(feet, NGVD) (acres) Volume (ac-ft) | (feet, NGVD) {acres) Volume (ac-ft)
593 0 0 601 250 704
594 4 2 602 360 1,009
595 10 9 603 510 1,444
596 50 39 604 710 2,054
597 80 104 605 950 2.884
598 110 199 606 1,250 3,984
599 145 326.5 607 1,600 5,409
600 180 489 610 3,500 13,059

The HEC-IFH POND data entry module is used to enter these data values, as follows:
Select Interior Pond (POND) from the Define Interior Analysis Data Menu.

Select Enter Surface Areas for Computing Volumes from the Interior Pond menu.
Use POND as the Storage Table ID, and enter a 40-character Description.

Enter the Pond Elevation and Surface Area values listed in Table D.3. The data
entry screen should match the illustrations in Figures D.14 and D.15. Confirm that
the computed pond storage volumes listed in Table D.3 are correct.

5. Press the key to store the POND pond storage data and return to the Interior
Pond Menu Screen.

I I

PONDO3

HEAR 01.01.00
Study ID SILVERCR ﬂlnterior Pond (POND) ]

Enter Surface Areas for Conputing Uolumes

Storage Table ID FINVNNEN Pond ]l Surface | Storage

Elevation Ualume
8

Description ft) (a.c) (ac—ft)
iHelp ZPrtScr 3 4 5 6D0S 10Exit

pooooomooooOO

Pond elevation-area relationship.
Press <F10> to Save Data and Return

FIGURE D.14 Pond Surface Area Data Entry Screen
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HEA 01.01.00 PONDO3
Study ID SILVERCR ﬂ Interior Pond (PIIND)J
Enter Surface fireas for Computing Volumes
Storage Table ID FINVINEE Pond Surface | Storage
Elevation fArea Uolume
Description ft) (ac) (ac—ft)

Pond elevation-area relationship.

1Help ZPrtScr 3 4 5 6b0S ? 8 9Plot  10Exit
Press <F10> to Save Data and Return

. FIGURE D.15 Pond Surface Area Data Enfry Screen (continued)
D.4.1. Specify POND Module

After the interior storage data and interior ditch rating curve (if present) are entered, they
are combined into a single "module” of pond data. This module is identified by a Module
ID. To specify the POND module, the following steps are required:

1. Select Specify Module Data from the Interior Pond Menu Screen.

2. Use PONDMOD as the Module ID, and enter an appropriate 40-character
Description.

3. Enter POND as the Storage Table ID for the ponding area. Confirm that the
description match what you entered earlier.

4. Do not enter a Ditch Table ID. Since this ponding area is directly connected to the
outlet, there is no need to specify the capacity of the channel connecting the
ponding area with the outlet.

6. Press the key to store the PONDMOD POND module data and return to the
Interior Pond Menu Screen. The PONDMOD POND module is ready to be used in a
plan analysis.

7. Press the key again to return to the Define Interior Analysis data menu.
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HEA 01.01.60 PONDOS
Study ID SILVERCR ﬂ Interior Pond (POND) “
Specify Module Data

Module ID [PONDMOD

Description atural ponding area at the primary loc.

Storage Table ID | Pond elevation-area relationship.

Ditch Table ID
1Help ZPrtScr 3 4 5 6D0S ? 8 9 10Exit

Press <F10> to Save Data and Return

FIGURE D.16 Pond Data Specification Screen

D.5

EXTERIOR STAGE DATA

For the Silver Creek analysis, a very simple exterior stage condition is assumed: Big River
is assumed to be at a constant level of 581.0 throughout the analysis. To define this
exterior stage condition, do the following:

1.
2.

Select Exterior Stage (EXSTAGE) from the Define Interior Analysis Data Menu.

Use EXSTAGE as the Module ID, and enter an appropriate 40-character
Description. Press the key to continue to the Exterior Stage Menu screen.

Select Specify Exterior Stage from the Exterior Stage menu. Select Main River as the
Primary Outlet Location and then select Use Index Stage Hydrogrpahs at All Outlet

Select Enter/Import Index Stage Hydrograph from the Index Stage Options Menu.
The Exterior Stage Data Entry Screen illustrated in Figure D.17 is displayed.

Specify a Time Interval of 1IHOUR to match the time interval used for computed
precipitation.

Use the option to Initially set all elevation to: 581.0.

Specify 480 as the Number of Intervals. As observed during the preparation of the
precipitation data, the SPF is a 96-hour storm. By continuing the analysis many
days past the end of the SPF rainfall, it is possible to avoid the problems which
arise when a discharge hydrograph is "cut off” or the interior pond is not allowed to
empty. The HEC-IFH program will compute more accurate total volumes of inflow
and outflow when an adequate number of intervals is specified.
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8. Press the key twice until the Exterior Stage Menu Screen reappears. Press the
key twice to return to the Define Interior Analysis Data menu screen.

HEA 061.01.00 EXST11
Study ID SILVERCR [lExterior Stage (EXSTAGE) H Primary Outlet Location
Module ID EXSTAGE

Enter/Import Exterior Stage Hydrographs (ft) Time Interval 1HOUR
Initially set all elevations to: Number of Intervals gt

Hyp.Frq| Hyp.Frq| Huyp.Frq} Hyp.Frq
DasHrin| SOz 207 16~ 4

Hyp.Frg] Hyp.Frq
17 0.27 SPF

10100
10200
10360
10460
10500
1/0600
1,6700
1-0800
10900
1-10080
1-1180
11260
1,1300

1Help Z2PrtScr 3 4 5 7 8 9 10Exit

Position with <PgDn>, <Pglp>, <Dn>, (ﬂp), <Home>, <End>

FIGURE D.17 Exterior Stage Data Eniry Screen

D.6 GRAVITY OUTLET DATA

As already stated, the Silver Creek ponding area discharge through a single 48-inchd
Corrugated Metal Pipe culvert (CMP). The characteristics of this gravity outlet are listed in
Table D.4.

TABLE D.4 Gravity Outlet Characteristics

Characteristic Value
Diameter 4 feet
FHWA Chart Number 2 (Corrugated Metal)
FHWA Scale Number 1 (Headwall)
Number of Identical Qutlets 1
Length 200 feet
Manning's n 0.024
Entrance Loss Coefficient 0.5
Exterior Invert Elevation 589 feet NGVD
Interior Invert Elevation 593 feet NGVD

The HEC-IFH GRAVITY data entry module is used to enter these data values, according to
the following sequence of steps:

1. Select Gravity Outlets (GRAVITY) from the Define Interior Analysis Data Menu.

2. Select Compute Gravity Outlet Rating Table for Culvert from the Gravity Outlet
Menu Screen. The screen illustrated in Figure D.18 will appear.
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Use 1-48CMP as the Outlet Structure ID, and enter an appropriate 40-character
Description.

Use the space bar to select [Circular] as the type of culvert. The Circular Culvert
data entry screen will appear (Figure D.19). Enter the first three values listed in

Table D.4 describing the culvert. Press the [F10| key to return to the previous data
entry screenmn.

Enter the Number of Identical Outlets, Length, Manning's n, and Entrance Loss
Coefficient values from Table D.4.

Enter a value of 3 feet for the Tailwater Tabulation Interval. This provides a rangde
of 6 x 3 = 18 feet for tailwater values, from the exterior invert elevation of 589 feet
NGVD up to 607 feet NGVD.

Enter a value of 12 cfs for the Flow Capacity Tabulation Interval. This provides a
range of 20 x 12 = 240 cfs for flow values. The intervals are used to compute a
gravity outlet table to view or plot. Internally, the program uses a 50 x 50 inverted
gravity outlet trating table for pond routing.

Specify a value of O for the Exterior Elevation for Gate Closure. This culvert is not
gated, and will remain open under all conditions.

Press the key to store the 1-48CMP gravity outlet data and compute the gravity
outlet rating table.

Press the key to store the 4x4BOX gravity outlet rating table and return to the
Gravity Outlet Menu Screen.

HEA 01.01.00 1l
Study ID SILVERCR ﬂ Gravity Outlets (GRAVITY) "

Compute Gravity Outlet Bating Table for Culvert

Outlet Structure ID G103
Description 1-48 in CMP 200 ft long.

Culvert Type: Box [Circularl
Number of Identical Dutlets

Length (ft)

Manning’s n

Entrance Loss Coefficient

» Tailuater Tabulation Interval (ft)
% Flow Capacity Tabulation Interval (cfs)

Exterior Dutlet Invert Elevation (ft) 589 .00

Interior Outlet Invert Elevation (ft) 593 .00

Exterior Elevation for Gate Closure (ft) 0.00
2 1/7th the expected elevation range »% 1/20th the expected flou range
1Help ZPrtSer 3 4 5 6D0S ? 8 S 10Exit

Press <F10> to Save Data and Return

FIGURE D.18 Data Entry Screen for Culvert Computations
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HEA 01.01.00
Study ID SILVERCR I]Grauitg Outlets (GRAVITY) "
Struc.ID 1-48CMP
Conpute Gravity Outlet Rating Table for Circular Culvert

Outlet Dimensions :
Diameter (in) gHRCG

FHUA Chart |
1 Concrete
Z Corrugated Metal
3 Concrete: Beveled Ring Entrance

FHUA Scale

1 Headuwall

Z Mitered to conforn to slaope
3 Pipe projecting fornm fill

lHelp ZPrtScr 3 6D0S 9Plot  10Exit

Press <F10> to Save Data and Return

FIGURE D.19 Circular Culvert Data Entry Screen
D.6.1. Specify GRAVITY Module

After the gravity outlet rating tables are entered or computed, they are combined into a
single "module” of gravity outlet data. This module is identified by a Module ID. The gravity
outlet rating table already computed could be combined with other data entered later
(perhaps an additional outlet, for example) to formm different modules. To specify the
GRAVITY module, the following steps are required:

1. Select Assign Location for Each Outlet Structure ID from the Gravity Outlets
(GRAVITY) Menu Screen (see Figure D.20).

2. Use OUTLET1 as the Module ID, and enter an appropriate 40-character
Description.

3. Enter 1-48CMP as the first Structure ID for the Prinary Location. Other Structure
IDs can be left blank, since there are no other primary or secondary gravity outlets
for this analysis. Also, the the River/Levee Station values are optional and can be
left blank.

6. Press the key to store the OUTLET] module data and return to the Gravity
Outlets (GRAVITY) Menu Screen. The OUTLET1 module is ready to be used in a

plan analysis.
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HEa 01.01.00 GRAVOB
Study ID SILVERCR "Aérauity Outlets (GRAVITY) ﬂ
Assign Location for Each Outlet Structure ID
Module ID DUTLET1
e g i ST 1 -48 in CHP at the primary locatiom.
Primary Secondary 2 [Secondary 3 {Secondary 4
Location Location Location Location
Structure ID
Structure ID
Structure ID
Structure ID
Structure ID
River/Levee
Station (ai)
1Help ZPrtScr 3 4 ) 6D0S 7 8 10Exit
Press <F10> to Save Data and Return

FIGURE D.20 Screen to Specify GRAVITY Module Data
D.7 PLAN SPECIFICATION AND ANALYSIS

Each of the building blocks have been completed from which to build a PLAN. Use the
key to back up to the Hypothetical Event Analysis screen and select the Perform Interior
Analysis option. Figure D.21 illustrates the Plan Specification screen.

1. Specify PLANA as the Plan ID and answer "Yes" to create a new Plan ID. Enter an
appropriate 40-character description, such as "48 in CMP unblocked outlet
condition”.

2. Use [F3] to recall the available PRECIP Modules; highlight STORM1 (which should

be the only one listed) and press [Enter]. Press again to accept STORM1 as the

correct PRECIP module; the short description will appear; verify that this is the
correct module.

3. Use the key to recall the available Module IDs and select RUNOFF (ROMOD1),
POND (PONDMOD), and GRAVITY (OUTLET1) Module IDs. Press or use the

down-arrow key to skip the PUMP module. Use the key to choose the EXSTAGE
module (EXSTAGE).

4. Skip to the Computation Time Interval and enter 1HOUR. Specify 480 as the
Number of Time Intervals. As discussed in connection with the exterior stage data,
the number of time intervals should normally extend considerably beyond the end
of the storm event, to allow the HEC-IFH program to account for the stored runoff
which usually discharges slowly over a long period of time after the storm.
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5. Next choose Perform Pond Routing Analysis. Note that this choice will also perform
any needed upstream calculations; none are required if you are following this set of
instructions. Use a value of 593 for the Starting Pond Elevation and 0.0 for the
Minimum Head for Gravity Outlet Operation. Since there are no pumps in this
plan, skip Operate Pumps, Gravity Outlets Simultaneously.

6. Press to performm the calculations. The program displays a computation

progress report as computations are performed. Be sure to press the key after
the analysis is completed to save the computed data.

7. Press the key twice to back up to the Hypothetical Frequency Analysis menu
screen.

MDB+

HEA 01.061.00

Study ID SILVERCR [[ Perforn Interior fAnalysis H

Plan ID PG ST AT 58— in CMP unblocked outlet counditions.

Module

ib Description

Module

Basin Average Precipitation [NJiilihi
Runoff Hydrograph Parameters |jijly{tih8
Interior Pond PONDMOD
Gravity Outlets
Punp Data

Exterior Stage
Auxiliary Flouw

Precip. depth-duration data.

One area— same rainfall-runoff for each.
Natural ponding area at the primary loc.
1-48 in CMP at the primary location.

EXSTAGE

Constant stage = 581.900 (unblocked)

ANNUAL series
Computation Time Interval (e.g. 1HOUR, 1DAY, ...)
Number of Time Interwvals

1HOUR
480

ZPrtScr JIndex 4

1He lp

Press <F10> to Proceed to the Menu

FIGURE D.21 Plan Specification Screen

D.8 HYDROLOGIC ANALYSIS SUMMARIES

From the Hypothetical Frequency Analysis menu, choose Hydrologic Analysis Summaries
to view the results of this plan. The following figures illustrate the results of the analysis
for the 1% storm (100-year event), a comparions of rainfall-runoff data for all storm events,

and a stage frequency analysis for the ponding area.
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HEa 61.91.00 CALCO1
Study ID SILVERCR [ Perforn Interior finalysis E
Perfaorm Pond Routing fnalysis
Starting Pond Elevation (ft) 593.00
Minimum Head for Gravity Outlet Operation (ft) 6.00
Operate Pumps, Grawity Outlets Simultaneously? Yes [Nol

1Help ZPrtScr 3 6D0S 10Exit

Press <F10> to Perform finalysis

FIGURE D.22 Pond Starting Conditions Screen

HEA 01.01.06 SumMMez
Study ID SILUVERCR ﬂHydrulogic Analysis Summaries ﬂ
Plan ID PLANA
E. Analysis by Events - Rainfall-Runoff Data
UM 50 200 102 4x 2x [1x21 0.2 SPF
Louer Sub—basin Upper Sub-basin Exterior Basin
Precip|Losses| Runoff cip|Losses| Rumoff |Precip|Losses| Runoff
DasHrMn}l C(in) | Cin) (cfs) || (in) | Cin) (cfs) || Cind | Cind (cfs)
0.64 .| o6.e8| o.08 6.] 6.e0| o0.08 0.
6.05] 6.05 51.]| ©.e8] ©.00 6.] c6.e0|] ©.08 0.
9.05] 0.05 53.§ ©6.00] O. 0. 0.00] ©.00 9.
9.06f 0.05 57.|]| 6.68] 6.0 6.]| 0.00f ©.00 9.
0.06 6.086] 0.0 0.] 6.00] ©.00 0.
0.07 0.00] 6.0 0.]| ©.e6} 0.00 8.
6.)| 0.00f ©.00 8.
Select Option: 8.§] 6.0} ©0.08 0.
0. ©6.00] 0.00 9.
6.1 0.e6f 0.00 0.
B. Plot Upper Sub-Basin Rainfall-Runoff 0.] 0.00] 0.00 0.
C. Plot Exterior Basin Rainfall-Runoff

Position with <PgDhn>, <{Pglp>, <Dn>, <{Up>, <Home>, <End>

FIGURE D.23 Rainfall-Runoff Data for 1% Storm Event
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LOMER RAINFALL-RUNOFF
SILUERCR iz PLANA
— RAINFALL . LOSSES ___RUNOFF
: 8.8
- 7 8.5 E
= ] 1.8 Vv
i 415 2%
1 &
- 428 g
L E =1
- 7 2.5 _
6606 3.0 3
] e
Seae |- . ‘ - ,"".\\\ . .
. 4ees | . ‘ . . }1 , e . .
:: ,l’ \\‘
S zees | : . . . . . S . R .
g 'r’ ) N ~
5 =zees [ ‘ ‘ . , : . K - ‘ ‘ RNE
o s ~
A 1ees | ‘ . . ‘ . v, - . . -
e PR gy, dm=a== 4= = 3= = 1--“'"1"‘-‘ i ) 1 | S L L 1 L
e 2 a 6 8 18 12 14 16 18 28 22 =24
Day 1 <Hours?>
FIGURE D.24 Piot of Rainfall-Runoff for 1% Storm Event
HEfi 01.81.00 SuMM34
Study ID SILVERCR “ Hydrologic Analysis Summaries ]
Plan ID PLANA
M. Event Comparisons - Rainfall-Bunoff Data
ANNUAL series Storm Area: 15.00 (sq mi)
Louer Sub-Basin Upper Sub-Basin Exterior Basin
Total]| Total]| Peak || Total| Total| Peak || Total] Total| Peak
PrecipiLosses| Runoff {|Precip|Losses| Runoff [|Precip]Losses| Runoff
Event Cin) {in) (cfs) (inl (in) (cfs) Cin) Cind (cfs)
50:2 2.4 8.6 22490. 0.0 6.0 6. 0.0 0.0 0.
267 3.3 6.7] 2978. 0.0 0.9 0. 0.0 0.0 8.
10 3.9 6.7] 3554. 6.0 0.0 8. 0.0 0.0 8.
4z 4.5 6.7| 4164. 8.6 0.8 0. 0.0 8.8 0.
2 51 8.7} 4657. 8.6 8.0 8. 8.0 0.8 0.
1 5.6 0.7] 5195. 0.0 0.0 0. 6.0 0.6 0.
0.2~ 6.1 0.?7] 5864. 0.0 0.0 8. 0.6 0.0 0.
SP3 12.8 1.2] 1e382. 0.0 0.0 0. 0.0 0.0 8.
IHelp ZPrtScr 3 4 5 6D0S ? 8 IPlot 10Exit
Press <F16> to Return

FIGURE D.25 Comparison of Rainfall-Runoff Data for All Sfrorm Evenis
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HEA 01.061.00 SUMM3?
Study ID SILVERCR ﬂ Hydrologic Analysis Summaries ﬂ
Plan ID PLANA
R. Event Comparisons - Frequency finalysis
ANNUAL series Storn frea: 15.008 (sq nil
Maximun Maximum
Maxinun Interior Total
Interior firea Interior
Elevation Flooded Inf lou
Event ) (ac) (cfs)
50 602 .89 193 .4 2249.3
20~ 604.12 738.9 2978.1
10~ 604 .81 964 .2 3554.5
4 605.44 1080.7 4164.1
2. 665.92 1226 .9 4657 .0
1~ 606.33 1364.5 5194.9
0.2~ 606.72 1501.6 5804.1
SPF 609.27 3034.9 10381.9
1Help ZPrtScr 3 4 5 6Das ? 8 9Plot 10Exit
Press <F10> to Reiurm
FIGURE D.26 Frequency Anclysis Screen
MAXIMUM INTERIOR ELEVATION
SILUERCR PLANA
689.5
I : SPF
689 .8 4 -0 -
688.54 .. :
cos.8 1 - :
687.5 4 . ol i b
~ 607.84 - :
- 3 .
$ ev6.54+ -0
B BB B A oo e e e
: : N N : .
g ees.sT o . T
5 685.8 1+ - N ;
EBE .5 A oo e i e e e e e e e e e e e D
6084.8 4 oo Lol
682.5 1 o L
683.8 - - i
682.5 ; —— i ; : 7 + ;
-] 80 7P 68 SO 48 38 20 10 a 2 1 0.2 e.81
Annunal Series Fregquency (X2

FIGURE D.27 Piot of Frequency Analysis
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APPENDIX E.
HEC-IFH Data Management

This appendix describes the data management options provided by the HEC-IFH program.
To more easily deal with large volumes of data, the HEC-IFH program contains features for
viewing, storing, retrieving, and deleting selected input data and output. Figure E.1
illustrates the HEC-IFH Data Management Menu screen.

IFH 01.01.00
Study ID RBENDZ "Data Management Utilities ]

List Studies or Plans
A. List Studies
B. List Plans of Present Study
C. List Master Directory for Present Study

Store Archival Copy of Study or Plan
D. Store Archival Copy of Specified Study
E. Store Archival Copy of Specified Plan

Retrieve Archival Copy of Study or Plan
F. Retrieve Archival Copy of Specified Study
G. Retrieve Archival Copy of Specified Plan

Delete Studies or Plans
H. Delete Specified Study (Input and Output)
I. Delete Specified Study (Output only)
J. Delete Specified Plan

1Help ZPriScr 3 4 5 6D0S ? 8 9 10Exit
Press Letter: or use firrow Keys and <Enter> to Select

FIGURE E.1 HEC-IFH Data Management Menu

E.1. LISTING HEC-IFH INPUT AND OUTPUT

As described in Chapter 2, HEC-IFH deals with Studies and Plans. A study is an analysis
of a particular interior system. The purpose of the study is generally to propose changes to
the interior system to improve performance under existing or future conditions. During the
course of the study, several different plans will be formulated for analysis. Each plan
represents a unique combination of precipitation, runoff, pond storage, and outflow
conditions. HEC-IFH provides three types of screens which list the data available:

e List Studies: A list of all of the studies currently residing in the HEC-IFH directory
on the computer system. (See Figure E.2.) Each study contains at least some input
data. However, the input data may not be complete, and no output data are
necessarily available for any study.

e List Plans of Present Study: A list of all of the plans currently residing in the
HECIFH\STUDYID directory on the computer system, for the specified study. (See
Figure E.3.) Each plan contains at least some input data. However, the input data
may not be complete, and no output data are necessarily available for any study.
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e List Master Directory for Present Study: A comprehensive list of all of the data
files currently residing in the HECIFH\STUDYID directory on the computer system,
for the specified plan. (See Figure E.4.)

IFH 01.01.00 DATAOZ
Study ID RBENDZ ll)ata Managenment Utilities [I
List Studies
Size (Kbytes)
Study Last modified

ID Pescription DalMonYear/HrMn| Input|Output
RBENDZ |fmalysis of River Bend Interior fArea ZBFEB1992/1626 739 9362
SILVERCR|Silver Creek Interior firea Analysis 23aU61991.-0754 53 496
STUDY0 |Study for general testing of C3A and HEA|2S5FEB1932/1252 20 L0}

iHelp ZPrtScr 3 4 5 6005 ? 8 9 10Exit

Press <Esc> or <F10> to Exit to the Menu, or <Enter> to Continue
FIGURE E.2 List Studies
IFH 01.01.00 DATAO4
Study ID RBENDZ ﬂ Data Management Utilities |]
List Plans of Present Study

1)) Description DaMonYear/Hrin |[Nun. Bytes

PLAN1 Gravity ocutlet only. 03MAR1392-1838 3051938

PLANZ 4x4 Box culvert with 200-cfs pump. 02MAR1992-1914 3111330

PLAN3 Stage-Freg test. 3month,lday,Partial ser|Z9FEB1392-/1642 86946

PLANP 4x4 Box culv. with 200-cfs punp. PARTIAL |0Z2MAR1992/2003 3111842

1Help ZPrtScr 3 4 5 6D0S 7 8 9 10Exit

Press <Esc> or <F10> to Exit to the Menu, or <Enter> to Continue

FIGURE E.3 List Plans of Present Study
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IFH 01.61.00 PATAGS
Study ID RBENDZ I] Data Management Utilities ﬂ
List Master Directory for Present Study
D Description DaMonYear/HrMn {Num. Bytes
RBENDZ fmalysis of River Bend Interior Area ZBFEB1992/1626 1886
.DSS 03MAR19392,1531 667136
PRECIP1 Precip. data for App. C. ZOFEB1992-1347 738
GAGE1 Gage 1 recorded precip. UWY1950-UY1960 |Z21FEB1992/1241 34944
GAGEZ2 Gage Z recorded precip. - WY1950-U¥1960 |20FEB1932,1315 3414
UPPER Composite precip. for upper sub-basin. [20FEB1932,/1317 3444
RUNOFF1 Runoff data for fipp. C. example. Z1FEB1992,1247 2132
LOUER Louer sub-basin for App. C example. 21FEB1992/1245 3444
MAINRIV |[Main River Runoff Parameters Z8FEB1932,1011 3444
TRIBRUN |Tributary Runoff parameters Z8FEB1932/1011 3444
UPPER Upper Sub-basin for App. C example. 20FEB1932,1350 34144
ROUTE1 |[Channel routing data for App. C example.|206FEB1992-1352 2132
INTPOND1 | Interior pond module data for App. C. Z1FEB1992,1252 738
POND1 Interior pond for App. C example. Z1FEB1992/1250 902
DITCH1 |Interior Ditch (Pond to Outlets) Z7FEB19392,0338 738
1Help - Z2PrtScr 3 4 5 6D0S5 7 8 9 10Exit
Press <Esc> or <F10> to Exit to the Menu, or <Enter> to Continue

FIGURE E 4 List Master Directory for Present Study

E.2. STORING ARCHIVAL DATA

HEC-IFH can use the DOS Backup utility to store a copy of a specified study or plan. A
sufficient quantity of formatted diskettes should be on hand before these commands are
issued.

Figure E.5 illustrates the screen used to specify a study for archival storage. When the
cursor is on the Study ID field, the [Fg] key displays a list of previously-defined IDs. Any of
these Study IDs may be selected, and the corresponding study data will be selected for
archival. All input and output data for the specified study will be copied to the archival
device. The study data will not be deleted from the hard disk. A separate delete command
is described later in this appendix.

Figure E.6 illustrates the screen used to specify a plan for archival storage. As indicated,
this screen is identical to the previous screen, except that an additional data entry field is

available for the Plan ID. When the cursor is on the Plan ID field, the key displays a list
of previously-defined IDs. Any of these Plan IDs may be selected, and the corresponding
plan data will be selected for archival. All input and output data for the specified plan will
be copied to the archival device. The plan data will not be deleted from the hard disk. A
separate delete commmand is described later in this appendix.
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IFH 01.01.00 PATARO3
Study ID RBENDZ2 ﬂ Data Management Utilities ﬂ
Store Archival Copy of Specified Study
Size (Kbytes)
Study Last modified
1D Description DaMonYear/Hrtin| Input]Output

fmalysis of River Bend Interior Area Z8FEB1992/1626| 732| 9362

1Help ZPrtScr 3Index 4 5 6D0S 7 8 9 10Exit
Press <F10> to begin processing, or <Esc> to Return to the Memu

FIGURE E.5 Store Archival Copy of Specified Study

IFH 01.01.00 DATAGS
Study ID RBENDZ ﬂ Data Mamagement U‘tilitiesﬂ
Store fArchival Copy of Specified Plan
Size (Kbytes)
Study Last modif ied
ID Description DaMonYearHrin| Imput|Output

fmalysis of River Bend Interior Area  |26FEB1992-1626| 732| 9362

Plan Last modified
ID Pescription DaMonYear/HreMn |Size (bytes)
Gravity outlet only. 03MAR1992-1838 3051938

1Help ZPrtScr 3Index 4
Press <F10> to begin processing, or <Esc> to Return to the Menu

FIGURE E.6 Store Archival Copy of Specified Plan
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E.3. RETRIEVING ARCHIVAL DATA

HEC-IFH can use the DOS Restore utility to retrieve a copy of a specified study or plan.
Sufficient capacity should be available on the hard disk before these commands are

issued.

Figure E.7 illustrates the screen used to specify a study for retrieval. The [F3] Index key is
NOT available to list archived Study IDs. The user must type the Study ID. All available
data for the specified study will be retrieved from the archival device.

Figure E.8 illustrates the screen used to specify a plan for retrieval. The [F3] Index key is

NOT available to list archived Plan IDs. The user must type the Plan ID. All available data
for the specified plan will be retrieved from the archival device.

IFH 01.01.00 DATABH
Study ID RBEND2 [[Data Managenent Hilities ]
Retrieve Archival Copy of Specified Study
Study ID
1Help  Z2PrtScr 3Index 4 5 6D0S 7 8 9 10Exit
Press <F10> to begin processing, or <Esc> to Return to the Menu

FIGURE E.7 Retrieve Archival Copy of Specified Study
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IFH 01.01.00 DATAD?

Study ID RBEND2 l[])ata Managenent Utilities ]

Retrieve Archival Copy of Specified Plan

Study ID NI
Plan Ip

1Help ZPrtScr 3Index 4 5 6005 7 8 9 10Exit
Press <F10> to begin processing, or <Esc> to Returnm to the Memu

FIGURE E.8 Retrieve Archival Copy of Specified Plan

E.4. DELETING DATA

HEC-IFH can delete all or part of a specified study or plan. For studies, HEC-IFH can
delete the entire study data, including input as well as output, or the output data only can
be deleted. The option of deleting the output only is convenient because it reduces storage
requirements significantly, but allows the user to reproduce the study results by simply
executing each plan analysis again. This avoids having to restore plan results from the
archival device.

Figure E.9 illustrates the screen used to specify a study for deletion. When the cursor is on
the Study ID field, the [F3] key displays a list of previously-defined IDs. Any of these Study
IDs may be selected, and the corresponding study data will be selected for deletion. All
input and output data for the specified study will be deleted. Figure E.10 shows a similar
screen which is used to delete the study output data only. All input data for the study
remains intact on the hard disk.

Figure E.11 illustrates the screen used to specify a plan for deletion. As indicated, this
screen is identical to the previous screen, except that an additional data entry field is
available for the Plan ID. When the cursor is on the Plan ID field, the [F3] key displays a list

of previously-defined IDs. Any of these Plan IDs may be selected, and the corresponding
plan data will be selected for deletion. All input and output data for the specified plan will
be deleted.
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IFH 01.01.00 bATAOS
Study ID RBENDZ [[Data Management Utilities "
Delete Specified Study (Input and Output)
Size (Kbytes)
Study Last modified
ID Description DaMonYear/Hrin| Input|Output
finalysis of River Bend Interior Area Z8FEB1992/1626 732| 9362

1Help Z2PrtScr 3Index 4 5 6D0S 7 8 9 10Exit
Press <F10> to begin processing, or <Esc> to Return to the Menu

FIGURE E.9 Delete Specified Study (Input and Output)

IFH 01.01.00 DATADS
Study ID RBENDZ2 [I Data Management Utilities ﬂ
Delete Specified Study (Output Only)
Size (Kbytes)
Study Last modif ied
ID Description DaMonYear/HrMn| Input|Output
fmalysis of River Bend Interior Area 28FEB1992-1626| 732 9362

1Help ZPrtScr 3Index 4 10Exit
Press <F10> to begin processing, or <Esc> to Return to the Menu

FIGURE E.10 Delete Specified Study (Output Only)
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IFH 01.01.00 DATA10
Study ID RBENDZ " Bata Management Utilities I]
Delete Specified Plan
Size (Kbytes)
Study Last modif ied
) Description DaMon¥Year/Hrtn|{ Input |Output

fmalysis of River Bend Interior Area 28FEB1992/1626| 732 9362

Plan Last modif ied
1D Bescription DaMonYear/Hrin |Size (bytes)
Gravity outlet only. 03MAR1992-1838 3051938

1Help ZPrtScr 3Index 4 5 6D03 ? 8 9 10Exit
Press <F10> to begin processing, or <Esc> to Return to the Henu

FIGURE E.11 Delete Specified Plan
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APPENDIX F.
HEC-IFH Error Messages

This appendix lists the messages which may be generated by the HEC-IFH program during
plan analysis. A brief explanation is provided for each message. The messages are grouped
into categories which correspond to Chapters 3 through 10 of this manual.

Error Message summaries are available from the Hydrologic Analysis Summary menu for
both Continuous Simulation Analysis and Hypothetical Event Analysis.

F.1. MESSAGES RELATING TO BASIN AVERAGE PRECIPITATION

The following warning messages relate to the specification of basin average precipitation.
See Chapter 3 for information concerning precipitation input data.

WARNING: PRECIP station not specified for this basin. Runoff not computed.

No precipitation station ID has been specified for the drainage basin. HEC-IFH
cannot compute runoff for the basin if no precipitation has been specified.

WARNING: Analysis starls or ends ouiside PRECIP data range.

Precipitation has been specified, but the available time series of precipitation
does not extend throughout the entire duration of the analysis. No precipitation
is available for a portion of the analysis.

WARNING: PRECIP values are interpolated for analysis fime interval.

The time increment of the specified precipitation time series is longer than the
time increment of the interior analysis. The analysis will proceed by
interpolating the precipitation from the available data. However, the quality of
the results may be improved by repeating the analysis using more detailed
precipitation data.

F.2. MESSAGES RELATING TO RUNOFF HYDROGRAPHS

The following warning messages relate to the specification of runoff hydrograph data. See
Chapter 4 for information concerning runoff hydrograph input data.

F.2.1. Messages Relating to Basin Infiliration Loss Data

WARNING: SCS curve number not specified. Using 100 (no infiltration losses).

No value for the curve number has been specified when using the SCS Curve
Number infiltration function. The computations will proceed with 100% runoff
(no infiltration). Repeat the analysis after specifying a value for the SCS Curve
Number.

WARNING: Green-Ampt Mass balance eror. Total loss volume=999.99 excess
volume=999.99 total volume=999.99

The program is unable to stabilize the relationship between rainfall, infiltration,
and rainfall excess while using the Green and Ampt infiltration function. Check
Green and Ampt input parameters.
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F.2.2. Messages Relating to Basin Unit Hydrograph Data
F.2.2.1. Messages Relating to Clark Unit Hydrograph Computation

WARNING: Clark unit hydrograph TC increased to computation time interval

The specified computation time interval is greater than the time of
concentration specified for a Clark unit hydrograph. The time interval may need
to be reduced.

WARNING: Clark unit hydrograph R increased o half of computation time interval

The specified watershed storage coefficient is greater than one-half the time of
concentration specified for a Clark unit hydrograph. The time interval may need
to be reduced.

WARNING: Clark unit hydrograph truncated to 150 intervals.

The computed Clark unit hydrograph extends beyond the allowable 150
ordinates. Some runoff volume will be lost if the truncated unit hydrograph is
used. The computation time interval may need to be increased.

F.2.2.2. Messages Relating to Snyder Unit Hydrograph Compufation

WARNING: Clark unit hydrograph did not converge to given Snyder coefficients.

HEC-IFH was not able to produce a complete unit hydrograph matching the
specified Snyder unit hydrograph coefficients. Check the input data.

F.2.23. Messages Relating fo SCS Dimensionless Unitgraph Computation

WARNING: Computation fime interval is greater than 0.29°TLAG. A smaller inferval is
recommended for computing SCS unit hydrograph.

The time increment of the analysis is so large that it seriously reduces the
proper definition of an SCS dimensionless unit graph for the basin. The time
increment should be reduced.

WARNING: SCS unit hydrograph truncated to 150 intervals

The computed SCS unit hydrograph extends beyond the allowable 150
ordinates. Some runoff volume will be lost if the truncated unit hydrograph is
used. The computation time interval may need to be increased.

F.2.2.4. Messages Relating to Entered Unit Hydrograph

WARNING: Time interval for input unit hydrograph not equal to computation interval. Runoff
not computed.

The user has specified unit hydrograph ordinates. However, the specified
duration of the unit hydrograph does match the time increment of the interior
analysis. Since HEC-IFH runoff computations are based on the assumption that
the unit hydrograph duration equals the time increment of the analysis, no
runoff can be computed.

F.2.3. Messages Relating to Channel Routing Data for Upper Sub-Basin
WARNING: Channel Routing Data missing or not readable. 1D: CRDIDxxx No routing done.
The channel routing data file for the specified ID is missing or corrupted.
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WARNING:

F.23.1.
WARNING:

F.2.3.2.
WARNING:

F.2.3.3.
WARNING:

F.2.3.4.
WARNING:

WARNING:

WARNING:

Negaitive routed flow rates changed to zero xxxxxxx times.

During channel routing computations, negative flow rates were computed.
These have been changed to zero (0) values. The HEC-IFH program records the
number of times these negative flow rates are computed.

Messages Relating to Modified Puls Routing

Modified Puls table exceeded. Data not exirapolated beyond maximum value.
Resulis may be incorrect.

The flow rates listed on the Modified Puls table were lower than some of the flow
rates computed during the analysis. The table was not extrapolated. Better
results may be obtained if the analysis is repeated using an extended table.

Messages Relating to Muskingum Routing

Specified Muskingum routing values fail stability test:
1/(2(1-x)) <= K/(NumSteps*Hours) <= 1/(2x)

The Muskingum routing computations may not be stable because the specified
coefficients do not lie within the prescribed range. The computation time
interval may have to be reduced.

Messages Relating fo Lag Routing

Channel routing lagged 0 time steps (= LagTime / StepTime).

The Lag method of channel routing was specified. However, the specified lag
time was so short that it rounded to zero (0) time steps. Therefore, no routing
computations were performed. The computation time increment may need to be
reduced.

Messages Relating to Muskingum-Cunge Routing

Muskingum-Cunge Channel Rouling data invalid. Channel length not positive.
No routing done.

The channel Ilength value specified for Muskingum-Cunge routing
computations is not valid. The upper sub-basin hydrograph has been
transferred directly through the channel routing reach with no lagging or
attenuation. To obtain better results, enter a positive channel length and repeat
the computations.

Muskingum-Cunge Channel Routing data invalid. Channel invert slope not
positive. No routing done.

The channel invert slope value specified for Muskingum-Cunge routing
computations is not valid. The upper sub-basin hydrograph has been
transferred directly through the channel routing reach with no lagging or
attenuation. To obtain better results, enter a positive channel invert slope and
repeat the computations.

Muskingum-Cunge Channel Routing data invalid. Channel roughness coefficient
not positive. No routing done.
The channel roughness (Manning n) value specified for Muskingum-Cunge

routing computations is not valid. The upper sub-basin hydrograph has been
transferred directly through the channel routing reach with no lagging or
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attenuation. To obtain better results, enter a positive channel roughness
coefficient and repeat the computations.

WARNING: Muskingum-Cunge Channel Routing data invalid. Circular channel diameter not
positive. No routing done.

The circular channel diameter specified for Muskingum-Cunge routing
computations is not valid. The upper sub-basin hydrograph has been
transferred directly through the channel routing reach with no lagging or
attenuation. To obtain better results, enter a positive channel diameter and
repeat the computations.

WARNING: Muskingum-Cunge Channel Routing data invalid. left or right overbank
roughness coeff. is zero. No routing done.

One or both of the overbank roughness coefficient (Manning n) values specified
for Muskingum-Cunge routing computations is not valid. The upper sub-basin
hydrograph has been transferred directly through the channel routing reach
with no lagging or attenuation. To obtain better results, enter positive overbank
roughness coefficients and repeat the computations.

WARNING: Muskingum-Cunge channel routing array limits exceeded. Zeros are used for
routed flow rates beyond limit. Avoid this with fewer number or longer duration
intervails.

The Muskingum-Cunge routing computations extend beyond the allowable
number of intervals (10,000 intervals for the current original release version of
the program). Within the HEC-IFH program, a smaller computation time
interval may be used internally during Muskingum-Cunge routing
computations. The program automatically uses the shortest of the following
three intervals: 1) The user-specified computation interval; 2) 1/20 of the
hydrograph time to rise; or 3) the travel time of the channel reach. The user
should determine which of these three intervals is controlling, and determine if
the controlling interval can be increased.

F.2.4. Messages Relating to Specifying Runoff Data

WARNING: RUNOFF data not specified for this basin. Runoff not computed.

No runoff basin ID has been specified for the drainage basin. HEC-IFH cannot
compute runoff for the basin if no runoff parameters have been specified.

F.3. MESSAGES RELATING TO INTERIOR POND DATA

The following warning messages relate to the specification of interior pond data. See
Chapter 5 for information concerning interior pond input data.

WARNING: Ditch lower than minimum elevation (from pond elevation table). Results may be
unstable.

The specified invert elevation for the interior ditch is below the minimum
elevation specified in the pond elevation table. The pond elevation table should
be extended down to the ditch invert elevation.

F.4. MESSAGES RELATING TO GRAVITY OUTLETS

The following warning messages relate to the specification of gravity outlet data. See
Chapter 6 for information concerning gravity outlet data.
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WARNING: Culvert inlet invert below minimum interior elevation (from pond elevation fable).
Results may be unstable. ID: xxxxxxxx

The specified interior invert elevation for a gravity outlet is below the minirnum
elevation specified in the pond elevation table. The gravity outlet is identified.
The pond elevation table should be extended down to the culvert invert
elevation.

F.5. MESSAGES RELATING TO PUMP OUTLETS

The following warning messages relate to the specification of pump outlets. See Chapter 7
for information concerning pump outlet data.

WARNING: Pump stop elevation(s) are below minimum interior elevation (from pond
elevation table). Results may be unstable. 1D: PUDIDxxx

The specified stop elevation for a pumping unit is below the minimum elevation
specified in the pond elevation table. The pumping unit is identified. The pond
elevation table should be extended down to the pump stop elevation.

WARNING: Pump start elevation(s) are above maximum interior elevation (from pond
elevation table). Resulis may be unstable. ID: PUDIDxxx

The specified start elevation for a pumping unit is above the maximum elevation
specified in the pond elevation table. The pumping unit is identified. The pond
elevation table should be extended up to the pump start elevation.

F.6. MESSAGES RELATING TO EXTERIOR STAGE

The following warning messages relate to the specification of exterior stages. See Chapter 8
for information concerning exterior stage input data.

F.6.1. Messages Relating to Index Stage Hydrograph Options

WARNING: Missing exterior stage value(s). HEC-IFH exiended last known value for pond
routing computations.

The available time-series of exterior stages contains missing values, or does not
extend throughout the entire period of analysis. The program has used the most
recent known value for all missing values. These missing values are shown as
zero values in Calculated Period Summaries. The missing values should be
provided and the pond routing analysis should be repeated.

WARNING: Analysis starls or ends outside EXSTAGE data range.
Exterior stage data have been specified, but the available time series of exterior
stages does not extend throughout the entire duration of the analysis. No
exterior stage is available for a portion of the analysis.

F.6.2. Messages Relating to Primary Outlet on Main River

WARNING: Exterior stage spec for MAIN RIVER TRANSFER is incomplete.

All of the input data necessary for the program to apply a main river transfer
relationship is not available. Check the main river transfer data.

WARNING: Cannot read transfer relation. Exterior stage not computed.

The program is unable to read the main river transfer relationship relationship.
Check this table.
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WARNING: Cannot read main river rating curve. Exterior stage not computed.

The program is unable to read the rating table for the main river when
computing the exterior stage hydrograph from an entered or computed exterior
discharge hydrograph. Check the rating table data.

WARNING: Exterior stage spec for PRIMARY OUTLET LOCATION is incomplete.

Neither [Main River] nor [Tributary] is specified for the "Primary Outlet
Location”.

WARNING: Exterior stage spec for MAIN RIVER STAGE SOURCE is incomplete.

The program is not able to identify the source of the main river stage
hydrograph (index hydrograph). Check the selection on the Index Stage
Hydrograph menu (Figure F.1).

CSA 01.01.00 EXST16
Study ID RBENDZ “ Exterior Stage (EXSTAGE) "
Module ID EXSTAGE
Primary Outlet Location [Main Riverl Tributary
Main River

Iransfer Belation
[Use Index Stage Hydrograph for all Outlet Locations 1
Transfer Index Stage Hydrograph to Primary/Secondary Outlet Locations

Index Stage Hydrograph
[Enter/Import 1
Compute from EnteredImported Discharge Hydrograph and Rating
Conpute from Rainfall-Runoff and Rating

1Help 2PrtScr 3 4 5 6D0S 7 8 9 10Exit
Press SPACE to select; Press <F16> to Save Data and Return

FIGURE F.1 Menu Screen for Primary Outlet Location on Main River

WARNING: Exterior discharge-to-stage rating table exceeded. Data not exirapolated
beyond maximum vaiue. Resulls may be incorrect.

The exterior basin discharge rates listed on the rating table are lower than some
of the discharge rates computed during the analysis. The rating table was not
extrapolated. Better results may be obtained if the analysis is repeated using an
extended rating table.

F.6.3. Messages Relating to Primary Outlet Location on Tributary
WARNING: Cannot read tributary rating curve. Exterior stage not computed.

The program is unable to read the rating table for the tributary stream when
transferring the main river stage hydrograph from the confluence to the outlet
location on the tributary. Check the tributary rating table data.
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WARNING: Cannot read transfer relation. Exterior stage not computed.

The program is unable to read the tributary transfer relationship. Check this
table.

WARNING: Exterior stage spec TRIBUTARY DISCHARGE SOURCE is incomplete.

The program is not able to identify the source of the tributary discharge
hydrograph. Check the selection on the Tributary menu (Figure F.3).

CSn 01.01.00 EXST1?

Study ID RBENDZ " Exterior Stage (EXSTIAGE) “
Module ID EXSTAGE

Primary Outlet Location Hain River [Tributaryl

Tributary

Main River Stage Hydrograph
[Enter/Import ]
Conpute from EnteredsInported Discharge Hydrograph and Rating

Compute from Rainfall-Runoff and Rating

Transfer Main River Stage Hydrograph
[Transfer Hain River Stage Hydrograph te Tributary Cenf luencel

Hain River Stage Hydrograph is at Tributary Confluence

Tributary Discharge Hydrograph
[Enter/Import ]
Conpute from Precipitation

1Help ZPrtScr 3 4 5 6D0S 7 8 9 10Exit
Press SPACE to select:Press <F18> for the Next Input Screen

FIGURE F.3 Menu Screen for Primary Outlet Location on Tributary

WARNING: Tributary rating table exceeded. Data not exirapolated beyond maximum value.
Results may be incomrect.

The main river stage or the tributary flow rate during the analysis is above the
maxima specified in the tributary rating table. Better results may be obtained
by repeating the analysis using an extended tributary rating table.

F.7. MESSAGES RELATING TO AUXILIARY INFLOW/OUTFLOW

The following warning messages relate to the specification of auxiliary inflows and
outflows. See Chapter 9 for information concerning auxiliary inflow/outflow input data.

F.7.1. Messages Relating to Auxiliary Inflows for Interior Sub-Basins

WARNING: Analysis starls or ends ouiside AUXFLOW data range.
Auxiliary inflow has been specified, but the available time series of auxiliary
inflow does not extend throughout the entire duration of the analysis. No
auxiliary inflow is available for a portion of the analysis.

F.7.2. Messages Relating to Diverion for Upper Sub-Basin

WARNING: Diversion Data missing or not readable. ID: xxxoxxx No diversion done.

The diversion data file xcoooxxx . DFD was not found or is corrupted.
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WARNING: Diversion table exceeded. Data not exirapolated beyond maximum value.
Resulis may be incorrect.

The upper basin discharge rates listed on the diversion table were lower than
some of the discharge rates computed during the analysis. The diversion table
was not extrapolated. Better results may be obtained if the analysis is repeated
using an extended diversion table.

F.7.3. Messages Relating to Overflow for Lower Sub-Basin

WARNING: Overflow table starts below minimum interior elevation (from pond elevation
table). Results may be unstable.

The lowest elevation appearing on an overflow table is below the minimum
elevation specified in the pond elevation table. The pond elevation table should
be extended down to the minimum overflow elevation.

F.8. MESSAGES RELATING TO INTERIOR ANALYSIS

The following warning messages relate to the interior analysis parameters and
computations. See Chapter 10 for information concerning the interior analysis input
parameters and computations.

WARNING: Starting pond elevation is below minimum interior elevation (from pond elevation
table). The minimum was used.

The specified starting pond elevation for the analysis is below the minimum
elevation specified in the pond elevation-area table. Starting pond elevation
should be equal to or greater than the minimum elevation in the table.

WARNING: Starting pond elevation is above maximum interior elevation (from pond
elevation table). The maximum was used.

The specified starting pond elevation for the analysis is above the maximum
elevation specified in the pond elevation-area table. Starting pond elevation
should be equal to or less than the maximum elevation in the table.

F.8.1. Messages Relating to Interior Pond Routing Analysis

WARNING: Pond elevation-area table exceeded. Data not extrapolated beyond maximum
value. Resulls may be incomrect.
The computed pond elevation during the analysis is above the maximum

elevation specified in the pond elevation table. Better results may be obtained
by repeating the analysis using an extended pond elevation-are table.

WARNING: Input Gravity rating table exceeded. Data not exirapolated beyond maximum
value. Resulls may be incomect.

The exterior stage or computed pond elevation during the analysis is above the
maximum elevation specified in a gravity rating table. Better results may be
obtained by repeating the analysis using an extended gravity rating table.

WARNING: Main river fransfer table exceeded. Data not exirapolated beyond maximum
value. Resulis may be incomect.

The exterior stage during the analysis is above the maximum elevation specified
in the main river transfer table. Better results may be obtained by repeating the
analysis using an extended main river transfer table.
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WARNING: Overflow table exceeded. Data not exirapolaled beyond maximum value.
Resulis may be incorrect.

The computed pond elevation during the analysis is above the maximum
elevation specified in the overflow table. Better results may be obtained by
repeating the analysis using an extended overflow table.

WARNING: Seepage table exceeded. Data not extrapolated beyond maximum value.
Results may be incorrect.

The computed differential head during the analysis is above the maximum head
specified in the seepage inflow table. Better results may be obtained by
repeating the analysis using an extended seepage inflow table.

WARNING: Ditch table exceeded. Data not exirapolated beyond maximum value. Resulls
may be incorrect.

The computed pond elevation during the analysis is above the maximum
elevation specified in the interior ditch table. Better results may be obtained by
repeating the analysis using an extended interior ditch table.

WARNING: Significant difference in inflow and oulflow volume indicating possible instability.
May need to shorten computation fime interval.

The pond routing computation procedure is unable to achieve an acceptable
balance of inflow, outflow, and storage volume. Check the input data for pond
surface area, and the input data for all gravity outlets, pump outlets, and
auxiliary outflows. If all data appear correct, then the analysis should be
repeated with a shorter computation interval, if possible.

F.8.2. Messages Relating to Frequency Analysis

WARNING: Threshold elevation is below minimum interior elevation (from pond elevation
table). No Frequency analysis done.

For a partial series analysis, the specified threshold elevation is below the
minimum elevation specified in the pond elevation table. The frequency analysis
must be repeated using a higher threshold elevation.

WARNING: Threshold elevation is above maximum inierior elevation (from pond elevation
table). No Frequency analysis done.

For a partial series analysis, the specified threshold elevation is above the
maximum elevation specified in the pond elevation table. The frequency
analysis must be repeated using a lower threshold elevation.

WARNING: Less than 10 years of complete water years were available for frequency
analysis. A longer period is recommended.

The duration of the analysis is less than 10 years, which may be insufficient for
reliable frequency analysis results. Better results may be obtained by repeating
the analysis using a longer period of analysis, if possible.

WARNING: Number of parfial series evenis above the specified threshold elevation was less
than the number or years in the analysis period. A lower threshold elevation may
be necessary.

When the program processed the exterior stage data to identify all events above
the specified threshold elevation, the number of events was less than the
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WARNING:

WARNING:

duration of the analysis period in years. This is insufficient for reliable
frequency analysis results. Better results may be obtained by repeating the
analysis by lowering the threshold elevation.

Number of evenis specified threshold elevation for partial-duration analysis
exceeds frequency table limit of 200. Only the highest 200 eventis are included in
the resulis.

When the program processed the exterior stage data to identify all events above
the specified threshold elevation, the number of events was greater than 200
but less than 300. The computed results are valid, but the frequency analysis is
based on only the largest 200 events.

Number of evenis above specified threshold elevation for partial-duration
analysis exceeds limit of 300. Results are invalid and are not saved or presented.
Increase threshold elevation and repeat analysis.

When the program processed the exterior stage data to identify all events above
the specified threshold elevation, the number of events was greater than 300.
Since the program can store only 300 events, any subsequent events cannot be
stored. Therefore, the frequency analysis was terminated without results. The
threshold elevation must be increased to a value which will result in 300 or
fewer events.

F.8.3. HEC STATLIB Error Messages

The following error messages are related to frequency analysis program (HEC STATLIB)
routines. Additional messages are written to an external file IFHMSG.ERR in the default
directory. Please contact HEC if these errors occur.

ERROR 1 computing stage frequency. See IFHMSG.ERR file.

ERROR 2 computing stage frequency. Fatal error in DSSPNP output path.
ERROR 3 computing stage frequency. Fatal error in DSSRPF.

ERROR 4 computing stage frequency. Fatal error in DSSPNP input pathname
ERROR 5 computing stage frequency. Fatal error in DSSRTS.

ERROR 6 computing stage frequency. Fatal error in YRMAX.

ERROR 7 computing stage frequency. Fatal errorin PARDUR.

ERROR 8 computing stage frequency. Fatal error in IFHORD.

ERROR 9 computing stage frequency. Fatal error in PLTPOS.

ERROR 10 computing stage frequency. Fatal error in FRQFIT.

ERROR 11 computing stage frequency. Fatal error in DSSWPF stage-freq.
ERROR 12 computing stage frequency. Fatal error in DSSWPF plot positions
ERROR 13 computing stage frequency. Too short a period to analyze.
ERROR 14 computing stage frequency. Fatal: Missing data.
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APPENDIX G:
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A
Abort Key, 28 '
Adjusted Curve Number, 61
Analysis by Events, 175, 225
HEA, 226, 231
Analysis Error Messages, 175, 225
CSA, 176
HEA, 226
Analysis Input Summaries, 175, 225
CSA, 176, 177
HEA, 226
Analysis Record Summaries, 175, 214, 225
CSA, 176
Analysis Summaries, 264
Annual Plots of Daily Values, 25
Annual Series, 41, 169
Frequency Analysis, 219, 221
Annual Totals/Averages
Available Summaries, 175, 225
Archival Data, 355
Area
Primary Outlet, 271, 273, 275, 278
Area Flooded, 199, 244
Maximum, 215, 265, 275
Maximum Annual, 213
Maximum vs Percent Chance
Exceedance, 280
Area Flooded Data
Analysis by Events Summary, 244
Plot, 245
Screen, 244
Calculation Period Summary
Availability, 167
Arrow Keys, 17
AUXFO0O3 Screen ID, 151
AUXF04 Screen ID, 19, 157
AUXFO06 Screen ID, 19, 158
AUXFO07 Screen ID, 19, 160
AUXFO8 Screen ID, 161
AUXFQ9 Screen ID, 162
AUXF10 Screen ID, 154
AUXFLOW Module
Definition, 16
Structure, 149
AUXFLOW Module ID, 161
Auxiliary Flow
AUXFLOW Module Specification
CS8A, 161

HEA, 162
Menu Screen, 150
Auxiliary Inflow ID, 150, 153, 161
Auxiliary Inflows
CSA, 150
Data Entry Screen
CS8A, 151
HEA, 154
Definition, 149
Error Message, 367
HEA, 153
Rate, 191, 238
Total Volume, 266
Average Monthly Rainfall Summary, 201
Availability, 167
Plot, 202
Screen, 201

Backup and Restore Procedures, 355
Balanced Distribution, 44
Base Flow
C8A, 56
Data Entry Window
CSA, 56
HEA, 57
Definition, 56
Example, 337
HEA, 56
Data Entry Window
Example, 339
Basin Average Precipitation, 29
Error Messages, 361
Errors, 165
Basin Drainage Area, 54
Basin ID, 54, 87, 138, 178, 228
Example, 308, 337, 341
Basin Infiltration Loss Data, 57
Error Messages, 361
Basin Runoff Data, 54
Example, 303, 337
Basin Runoff Data Screen
HEA
Example, 338
Basin Unit Hydrograph Data, 66
Batch Mode, 11, 173
Basic Operations, 173
Optional Features, 173
Beginning Date for Analysis, 164
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Example, 318, 325
Blocked Outlets, 268
Bottom Width of Trapezoidal Channel, 84
Box Characters, 20, 291
Box Culvert, 105

Cross-Section, 95

Data Entry Screen, 105

Example, 315

Definition, 95

Entrance Loss Coefficient, 104

FHWA Chart and Scale Numbers, 105

C

CALCO1 Screen ID, 350
CALCO02 Screen ID, 321
Calculation Period Summaries, 175, 181,
225
Definition, 176
Capacity
Pump Unit, 119
CGA, 293
Channel
Bottom Width, 84
Diamneter, 84
Error Message, 364
Invert Slope, 84
Error Message, 363
Length, 84
Error Message, 363
Roughness Coefficient, 84
Side Slope, 84
Channel Routing
Error Messages, 362
Example, 307
Menu Screen, 76
Method, 229
Upper Interior Sub-Basin, 75
Channel Routing ID, 87, 179, 229
Example, 307, 308
Channel Routing Lag Value
Errors, 165
Channel Routing Method, 179
Character Conversions, 20
Chart Number
Box Culvert, 105
Circular Culverts, 109
Circular Channel
Diameter, 84
Circular Culvert
Cross-Section, 95
Data Entry, 109
Data Entry Screen, 109
Example, 347
Definition, 95

Entrance Loss Coefficient, 105
FHWA Chart and Scale Numbers, 109
Clark Unit Hydrograph Computation, 67
Data Entry Window, 69
Error Messages, 362
Nustration, 67
Colors of Screen, 288
COMPQ2 Screen ID, 266, 326
COMPQ3 Screen ID, 267, 327
COMPO04 Screen ID, 268
COMPO5 Screen ID, 269, 327
COMPQ6 Screen ID, 271
COMPOQ7 Screen ID, 272, 328
COMPOS8 Screen ID, 274, 329
COMPQ09 Screen ID, 275, 330
COMP10 Screen ID, 278
COMP13 Screen ID, 279
COMP14 Screen ID, 280
COMP15 Screen ID, 282
Comparison of Plans, 263
Comparison of Plans - Hydrologic Results
Menu Option, 15
Composite Basin Average Precipitation
Data Entry Screen
Example, 300
Composite Basin Average Precipitation
Data Entry Screen, 36
Composite Precipitation
Example, 299
Composite Precipitation Record ID
Example, 300, 301
Composite Precipitation Records, 34
Composite Rainfall Record, 29
Composite Record ID, 36
Composite Storm Table
Example, 301
Computation Interval
Relation to Unit Hydrograph Duration,
66
Computation Time Interval, 164
Error Message, 362, 369
Example, 318, 325, 348
Computer System Requirements, 285
Configuration Options, 287
Confluence Elevation
Main River Transfer Relation, 140
Continuous Simulation Analysis, 4
Base Flow, 56
Basin Runoff Data, 54
Concepts, 4
Definition, 4
Menu, 15
Menu Option, 13
Pump Unit Data Entry Screen, 119
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Runoff Data Entry Screen, 55
Schematic, 6
Convolution, 66
Corrugated Metal Pipe
Manning 'n' Values, 104
Critical Depth of Flow in Culvert, 115
Cross-Sectional Area of Each Outlet, 98
CSA, See Continuous Simulation Analysis
Culvert
Barrel, 95
Definition, 95
Entrance, 95
Horizontal Slope, 115
Length, 101
Culvert Type -
Example, 314
Curve Number Loss Computation, 59

D

Da/HrMn, 232, 234, 238, 240, 242, 244,
246, 247
Daily Plots of Actual Values, 25
Data Entry Modules, 16
Data Entry Routines, 17
Data Management Analysis Input
Summary
Availability, 167
CSA, 177
Screen, 178
HEA, 227
Screen, 228

Data Management Menu, 353
Data Management Options, 353
Data Management Utilities

Menu Option, 13
DATAQS3 Screen ID, 356
DATAO4 Screen ID, 354, 355
DATAQ5 Screen ID, 356
DATAQ6 Screen ID, 357
DATAQ7 Screen ID, 358
DATAOQS Screen ID, 359
DATAQ9 Screen ID, 359
DATA10 Screen ID, 360
Date of Execution, 177, 227
Days Flooded

Average Annual, 273
Default System of Measurement

Configuration Screen, 294
Define Interior Analysis Data

Menu Option, 15
Delete Specified Plan, 360
Delete Specified Study

(Input and Output), 359

(Output Only), 359

Deleting Characters in Data Entry Fields,
17
Deleting Data, 358
Detailed Gravity Outflow Data
Analysis by Events Summary, 242
Plot, 243
Screen, 243
Calculation Period Summary, 196
Availability, 167
Plots, 198
Screen, 197
Detailed Inflow Data
Analysis by Events Summary, 238
Plot, 239
Screen, 239
Calculation Period Summary, 191
Availability, 167
Plots, 193
Screen, 192
Detailed Qutflow Data
Analysis by Events Summary, 240
Plot, 241
Screen, 241
Calculation Period Summary, 194
Availability, 167
Plots, 195
Screen, 194
Detailed Output Data
Available Summaries, 175, 225
Diameter
Circular Channel, 84
Circular Culvert, 109
Differential Head, 186, 234
Average Monthly, 203
Maximum, 215, 245, 265
Maximum Monthly, 203
Minimum, 215, 245, 265
Minimum Monthly, 203
Monthly Plot, 205
Plot, 236
Plot of Annual Maximum, 211
Seepage Table, 159
Dimensionless Unitgraph Computation, 73
Direct Step Water Surface Profile
Computations, 114
Direction Keys, 17
Discharge
Exterior Channel Rating Table, 135
Exterior Discharge Hydrograph, 135
Discharge Capacity, 93
Discharge Hydrograph
Computed for Exterior Basin, 138
Exterior, 134
Main River, 140
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Tributary, 141
Used to Compute Index Stage
Hydrograph, 130
Disks, 285
Display Format for Numeric Values, 175
Distance
8-Point Cross-Section, 86
Distribution Weight, 35
Example, 300
Ditch Table ID, 92
Example, 311, 343
Diversion
Data Entry Screen, 157
Definition, 149
Error Messages, 367
Errors, 172
Maximum Rate, 250

Maximum Rate and Total Volume, 216,

247
Plot, 157
Rate, 194, 240
Total Volume, 253, 266
Upper Sub-Basin, 156
Diversion Table ID, 156
Diverted Flow
Diversion Table, 156
DOS Key, 23
Drainage Area, 54
Example, 304, 337
Units, 294
Drainage Basin Overflow
Overflow Table, 158
DTS Batch Mode Command, 173
Duration
Unit Hydrograph, 68
Duration of Interior Flooding
Plan Comparison Summary, 273
Example, 329
Plot, 274
Screen, 274
Durations, 42

Efficiency
Pump Unit, 119
EGA, 293
Eight-Point Cross-Section, 86
Elevation
8-Point Cross-Section, 86
Exterior Channel Rating Table, 135
Exterior Stage
Example, 313
Exterior Stage Data for HEA, 133
Index Stage Hydrograph, 130

Interior Ditch Rating Table, 93
Pond, 92
Units, 294
Valid Range of Values, 19
Ending Date for Analysis, 164
Example, 318, 325
Ending Period
Auxiliary Inflows, 151
Exterior Discharge Hydrograph, 134
Exterior Stage
Example, 312
Index Stage Hydrograph, 130
Precipitation
Example, 297
Precipitation Station, 31
Entering Data in Tables, 18
Entrance Loss Coefficient, 101, 104
Box Culverts, 104
Circular Culverts, 105
Example, 314, 346
Pipe Culverts, 105
Error Messages, 361
Analysis Record Summary
CSA, 223
Screen, 224
HEA, 262
Screen, 262
Available Summaries, 175, 225
Error Processing, 18
Esc Key, 28
Estimated Head Loss
Example, 322
Pump Unit, 118
Estimated Remaining, 172
Event Comparisons, 175, 225, 248
HEA, 226
Example Application
CSA, 295
HEA, 331
Exceedance Duration Table
Analysis Record Summary, 217
Availability, 167
Plot of Elevations, 218
Plot of Pump Head, 219
Screen, 218
Computation, 146
Exterior Stage, 146
Exterior Stage at Primary Outlet, 148
Plot, 148
Exit Key, 28
Exiting the Current Screen, 28
EXSTO04 Screen ID, 131, 312
EXSTO05 Screen ID, 134
EXSTO06 Screen ID, 19, 137

374



Interior Hood Hydrology (HEC-IFH) User's Manudl

APPENDIX G: Index to HEC-IFH User's Manual

EXSTO07 Screen ID, 138

EXSTOS8 Screen ID, 148

EXSTO09 Screen ID, 129

EXST10 Screen ID, 19, 143

EXST11 Screen ID, 133, 345

EXST15 Screen ID, 126

EXST16 Screen ID, 127

EXST17 Screen ID, 139

EXST18 Screen ID, 144

EXST19 Screen ID, 141

EXST22 Screen ID, 146

EXSTAGE Module
Definition, 16
ID Screen, 125
Structure, 124

EXSTAGE Module ID, 123
Example, 312, 344

Extended Memory, 286

Exterior Basin
Analysis, 166

Exterior Channel Rating Table
Data Entry Screen, 137
Plot, 137

Exterior Discharge Hydrograph, 138
Data Entry Screen, 134
Error Message, 366

Exterior Elevation, 186, 199, 234, 244
Annual Maximum, 210
Annual Minimum, 210
Average Monthly, 202
Exceedance Duration Table, 217
Maximum, 215, 245, 265
Maximum Monthly, 202
Minimum Monthly, 202
Monthly Plot, 204
Plot of Annual Maximum and

Minimurm, 211
Exterior Elevation for Gate Closure, 98,
102, 180, 230

Example, 314, 346

Exterior Invert Elevation, 98, 102, 180, 230

Exterior Stage
Data Entry Screen
CS8A, 131
Example, 345
HEA, 133
Error Messages, 365
Example, 344
Hydrograph Options Menu, 125
Exterior Stage Data
Definition, 3
Example, 312
Exterior Stage Hydrograph at Primary
Outlet

CSA, 144

HEA, 144
External HEC-DSS Data, 23
Extrapolation, 221

F1 Help Key, 19
F10 Exit Key, 28
F2 PrtScrn Key, 20
F3 Index Key, 21
F4 Goto Key, 21
F5 Report Key, 22
F6 DOS Key, 23
F7 Import Key, 23
F77L3.EER File, 285
F9 Plot Key, 24
FHWA Chart Number
Box Culvert, 105
Circular Culverts, 109
FHWA Scale Number
Box Culvert, 105
Circular Culverts, 109
Files, 285
Flared Wingwalls, 107
Flood Volumes
Event Comparison Summary, 253
Plot of Inflows, 254
Plot of Outflows, 255
Screen, 254
Plan Comparison Surmnmary, 266
Example, 327
Screen, 267
Flow at Start of Storm, 56
Example, 337
Flow Below Which Base Flow Starts, 56
Flow Capacity
Gravity Outlet Rating Table, 98
Tabulation Interval, 101
Example, 314, 346
Flow Rate
Units, 294
Flow Volume
Units, 294
Flow-Line
Definition, 95
Frequency
Interior Inflow, 281
Maximum Interior Area Flooded, 280
Maximum Interior Elevations, 278
Frequency Analysis, 167, 169
Error Messages, 369
Event Comparison Summary, 259
Example, 352
Plot of Interior Area Flooded, 261
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Plot of Interior Elevations, 260
Plot of Interior Inflows, 261
Screen, 260

Example, 320

Maximum Interior Area Flooded, 275

Maximum Interior Elevation, 272

Screen, 170

Function Keys, 19

G

Gate Closure Elevation, 98, 102
Generalized Runoff Coefficient Loss
Computation, 58
Data Entry Window, 58

Generate Annual Series or Partial Series?,

169
Goto Key, 21
Graphics Adapters, 293
Configuration Screen, 293
GRAV(02 Screen ID, 99
GRAV(03 Screen ID, 19, 99
GRAV04 Screen ID, 101, 315, 346
GRAVQ5 Screen ID, 105, 315
GRAV(06 Screen ID, 109, 347
GRAVO0S8 Screen ID, 116, 317, 348
GRAV(09 Screen ID, 111, 316
GRAVITY Module
Data Specification Screen, 116
Definition, 16
Menu Screen, 97
Structure, 96
GRAVITY Module ID, 116
Example, 317, 347
Gravity Outflow

Maximum Rate and Total Volume, 216,

247
Maximum Total Rate, 250
Plot, 237
Rate, 196, 234
Total Rate, 186, 194, 240
Total Volume, 253, 266
Total Volumes, 268
Gravity Outlet, 95
Elevations, 180
Error Messages, 364
Errors, 165
Example, 314, 345
Illustration, 95
Length, 180
Location, 97, 116
Minimum Head for Operation, 168
Operation with Pump Units, 169
Slope, 180
Gravity Outlet Analysis

Event Comparison Summary, 255
Plot, 257
Screen, 256
Gravity Outlet Analysis Summaries, 264
Gravity Outlet Data
Analysis Input Summary
Availability, 167
C8A, 179
Screen, 180
HEA, 229
Screen, 230
Gravity Outlet Days Blocked
Plan Comparison Summary, 268
Example, 327
Screen, 269
Gravity Outlet Outflow Volumes
Plan Comparison Sumimnary, 267
Screen, 268
Gravity Outlet Rating Table
Computed, 111
Data Entry Screen
Example, 315, 346
Data Entry Screen, 99
Data Entry Screen for Computations,
101
Definition, 97
Error Message, 368
Errors, 172
Example, 316
Plot of Computed, 111
Plot of Entered, 100
Size, 112
Viewing, 110
Green-Ampt Loss Computation, 64
Data Entry Window, 66
Error Message, 361
Group A Soils, 61
Group B Soils, 61
Group C Soils, 61
Group D Soils, 61

H

HEA, See Hypothetical Event Analysis
Head, 186, 234
Annual Maximum, 210
Annual Minimum, 210
Maximum, 215, 245, 265
Minimum, 215, 245, 265
Plot of Annual Maximum, 211
Head Loss
Culvert Flow, 114
Pump unit, 118
Headwalls, 110
Headwater
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Computation, 96
Definition, 96

HEC-DSS

Data Import, 23
Import Auxiliary Inflows
CSA, 152
HEA, 154
Import Exterior Discharge Hydrograph,
135
Import Exterior Stage
Example, 313
Import Index Stage Hydrograph, 130
C8A, 131
HEA, 133
Import Main River Discharge
Hydrograph, 140
Import Main River Stage Hydrograph,
140
Import Tributary Discharge
Hydrograph, 141
Importing Hypothetical Storms, 48
Importing Rainfall Gage Record, 32
Main River Stage Hydrograph, 140
Path Name, 23
Example, 299, 313

HECIFH.EXE File, 285
HECIFH.FLD File, 285
HECIFH.SCR File, 285
HECIFH.SDR File, 285
HECIFHDM.BAT File, 285
Height of Box Culvert, 105
Help Key, 19

Help Screens, 19

Holtan Loss Computation, 63

Data Entry Window, 64

HYDRO-35, 43
Hydrologic Analysis Summaries

CS8A, 176
A. Data Management Summary, 177
B. Rainfall-Runoff Input, 178
C. Gravity Outlet Data, 179
D. Pump Station Data, 181
E. Rainfall-Runoff Data, 182
F. Interior-Exterior Data, 186
G. Detailed Inflow Data, 191
H. Detailed Outflow Data, 194
1. Detailed Gravity Outflow Data,
196
J. Area Flooded Data, 199
K. Average Monthly Rainfall, 201
L. Interior-Exterior Data, 202
M. Pump Operation, 205
Master Screen, 176
Menu Screen, 177

Example, 319
N. Rainfall-Runoff Data, 208
O. Interior/Exterior /Pump Data,
210
P. Maximum Area Flooded, 213
@. Maximum Values, 215
R. Inflows and Qutflows, 216

S. Exceedance-Duration Table, 217

T. Plotting Position Table, 219
U. Stage-Frequency Table, 221
V. Pump Operation, 223
W. Error Messages, 223
Definition, 175
HEA, 225

A. Data Management Summary, 227

B. Rainfall-Runoff, 228
C. Gravity Outlet Data, 229
D. Pump Station Data, 231
E. Rainfall-Runoff Data, 232
F. Interior-Exterior Data, 234
G. Detailed Inflow Data, 238
H. Detailed Outflow Data, 240
1. Detailed Gravity Outflow Data,
242
J. Area Flooded Data, 244
K. Maximum Values, 245
L. Inflows and Qutflows, 246
M. Rainfall-Runoff Data, 248
Master Screen, 226
Menu Screen, 227
N. Maximum Flows, 250
O. Flood Volumes, 253
P. Gravity Outlet Analysis, 255
Q. Pump Analysis, 257
R. Frequency Analysis, 259
S. Error Messages, 262
Menu Option, 15
Printed Reports, 22
Hyetograph, 29, 66
Hypothetical Event Analysis, 7
Base Flow, 57
Concepts, 7
Definition, 4
Example, 331
Menu Option, 13
Precipitation Menu Screen, 42
Pump Unit Data Entry Screen, 120
Runoff Data Entry Screen, 55
Schematic, 9
Hypothetical Frequency Storm, 40
Definition, 29
HNlustration, 44
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IBM Color Graphics Adapter (CGA), 293
IBM Enhanced Graphics Adapter (EGA),
293
IBM Virtual Graphics Array (VGA), 293
IFHO1Z.EXE File, 285
IFHTEST.DSS File, 285, 296
Impervious, 54, 57
Import
Auxiliary Inflows
CSA, 152
HEA, 154
Example, 313
Exterior Discharge Hydrograph, 135
Hypothetical Storms, 48
Index Stage Hydrograph
CEA, 131
HEA, 133
Main River Discharge Hydrograph, 140
Main River Stage Hydrograph, 140
Rainfall Gage Record, 32
Tributary Discharge Hydrograph, 141
Import Key, 23
Index Elevation
Main River Transfer Relation, 128, 140
Index Key, 21
Index Location, 128
Index Stage Hydrograph, 130
Definition, 126
Error Messages, 365
Primary Outlet Location on Main River,
127
Transfer to Primary/Secondary Outlet
Locations, 127
Use for all Outlet Locations, 127
Infiltration Loss
Rate Units, 294
Volume Units, 294
Infiltration Loss Data, 57
Inflow
Maximum Rate, 216
Maximum Rate and Total Volume, 247
Plot, 237
Rate, 234
Total Rate, 186, 192
Inflows and Outflows
Analysis by Events Summary
Screen, 248
Analysis Record Summary
Availability, 167
Screen, 217
Inflows and Outflows Summary, 216
Initial Loss, 58

Example, 304, 337
Initial Loss Recovery, 59
Initial Rainfall Abstraction, 60
Initial-Uniform Loss Computation, 58
Data Entry Window
Example, 339
Initial-Uniform-Recovery Loss
Computation, 58
Data Entry Window, 59
Example, 305
Initially Set All Elevation To
Example, 344
Inlet Control Flow
Computation, 112
Definition, 110
Inlet Top Edge Bevel, 107
Input Data
Available Sumimnaries, 175, 225
Insert Mode, 17
Instability of Pond Routing Computation
Error message, 369
INSTALL1.BAT File, 285
Installation Instructions, 285
Interactive Mode, 11
Interior Analysis, 163
Computation Sequence, 166
Computations, 171
Error Messages, 368
Example, 320
Menu, 166
Pond Routing Parameters, 168
Status Report Screen, 171
Interior Analysis Approaches, 4
Interior Analysis Summaries, 264
Interior and Exterior Elevations
Plot, 236
Interior Area
Definition, 2
Interior Area Flooded, 199, 244
Annual Summary
Availability, 167
Plot, 214
Screen, 213
Data Calculation Period Summary, 199
Maximum, 215, 245, 259, 265, 275
Maximum Annual, 213
Maximum vs Percent Chance
Exceedance, 280
Plan Comparison Summary, 275
Example, 330
Plot, 276
Screen, 275
Interior Area Flooded Data
Calculation Period Summary
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Plots, 200
Screen, 199
Interior Area Flooded-Frequency
Plan Comparison Summary, 280
Plot, 281
Screen, 280
Interior Ditch Rating Table, 92
Data Entry Screen, 92
Error Message, 364, 369
Plot, 93
Interior Elevation, 186, 199, 234, 244
Annual Maximum, 210
Annual Minimum, 210
Average Monthly, 203
Exceedance Duration Table, 217
Maximum, 215, 245, 259, 265
Maximum Annual, 213
Maximum During Ranked Event, 219
Maximum Monthly, 202
Maximum vs. Percent Chance
Exceedance, 278
Minimum Monthly, 202
Monthly Plot, 204
Peak vs. Percent Chance Exceedance
Frequency Event, 272
Plot of Annual Maximum and
Minimum, 211
Interior Elevation-Frequency
Plan Comparison Summary, 278
Plot, 279
Screen, 279
Interior Inflow
Maximum Total Rate, 250, 259
Maximum Total Rate and Total Volume,
247
Maximum Total vs Percent Chance
Exceedance, 281
Rate, 238
Total Rate, 191
Total Volume, 253
Interior Inflow-Frequency
Plan Comparison Sumrnary, 281
Plot, 282
Screen, 282
Interior Invert Elevation, 98, 102, 180, 230
Interior Pond, 89
Example, 309, 341
Interior Pond Elevation
Overflow Table, 158
Interior Stage
Adjusted, 222
Frequency, 222
Interior Storage
Maximum, 215, 245

Interior Sub-Basin
Illustration, 39
Interior-Exterior Data
Analysis by Events Summary, 234
Screen, 235
Calculation Period Summary, 186
Availability, 167
Plots, 187
Screen, 187
Monthly Summary, 202
Availability, 167
Screen, 203
Interior/Exterior/Pump Data
Annual Summary, 210
Availability, 167
Screen, 211
Interpolation, 221
INTRO1 Screen ID, 12
Invert
Definition, 95
Elevations, 98, 102
Error Message, 365
Invert Elevations
Errors, 165

L

Lag Routing Computation, 79
Data Entry Screen, 80
Error Message, 363

Lag Time, 70

Lag Value
Errors, 165

Length
Channel, 84
Culvert, 101

Example, 314, 346

Length of Outlet, 180, 230

Line Types, 290

Line-of-Protection
Definition, 2

Lines Per Page, 292

List Master Directory for Present Study,

354
Screen, 355

List Plans of Present Study, 353
Screen, 354

List Studies, 353
Screen, 354

LIST.COM File, 285

Lists
Data Entry, 18

Loss Data, 57

Loss Rate Method, 178, 228

Loss Rates
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Definition, 3

Loss Recovery Rate
Example, 304

Losses, 182, 232
Average Monthly, 201
Total, 249
Total Annual Total, 209

Lower Auxiliary Inflows
Maximum Rate and Total Volume, 216,

246

Lower Interior Sub-Basin
Basin ID, 87

Lower Runoff
Rate, 191, 238

Lower Sub-Basin
Analysis, 166
Definition, 38
Nlustration, 39

M

M Screen ID, 13
M+ Screen ID, 12
Main Menu, 13
Main River
Definition, 126
Error Messages, 365
Primary Outlet Location, 126
Main River Elevation
Tributary Rating Table, 142
Main River Stage Hydrograph
Outlet Locations on Tributary, 140
Primary Outlet Locations on Tributary,
139
Main River Transfer Relation
Concepts, 128
Data Entry Screen, 129
Error Message, 368
Error Messages, 365
Plot, 129
Manning 'n Value
Example, 346
Manning m' Value, 101
Closed Metal Conduits Flowing Partly
Full, 103
Closed Non-Metal Conduits Flowing
Partly Full, 103
Corrugated Metal Pipe, 104
Culvert
Example, 314
Tabulated Values, 102
Mass Rainfall Curves, 49
Example Plot, 336

Maximum Area Flooded
Annual Summary, 213
Maximum Capacity
Pump Unit, 231
Maximum Flows
Event Comparison Summary, 250
Plot of Inflows, 252
Plot of Outflows, 252
Screen, 251
Maximum Interior Elevations
Plan Comparison Summary, 271
Example, 328
Plot, 273
Screen, 272
Maximum Total Head, 118
Pump Unit, 231
Maximum Values
Analysis by Events Summary, 245, 246
Analysis Record Summary, 215
Availability, 167
Screen, 215
Plan Comparison Analysis Summary
Example, 326
Plan Comparison Summary, 265
Screen, 266
MB Screen ID, 353
MCAA Screen ID, 31
MCAB Screen ID, 54
MCAC Screen ID, 90
MCAD Screen ID, 97
MCAE Screen ID, 118
MCAF Screen ID, 125
MCAF+ Screen ID, 125
MCAG Screen ID, 150
MCB+ Screen ID, 318
MCC Screen ID, 177, 319
MCC+ Screen ID, 176
MCD Screen ID, 265
MCD+ Screen ID, 264, 326
MDAA Screen ID, 42
MDAA+ Screen ID, 41, 333
MDB+ Screen ID, 349
MDC Screen ID, 227
MDC+ Screen ID, 226
MDD Screen ID, 277
MDD+ Screen ID, 277
Median Plotting Position, 219
Memory Requirements, 286
Method of Computation, 221
Minimum Days Between Events, 170
Minimum Facility Analysis
Example, 297
Minimum Head for Gravity Outlet
Operation, 98, 168
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Example, 320, 349
Mitered Culvert Inlet, 110
Modified Puls Routing Computation, 76
Data Entry Screen, 77
Error Messages, 363
Errors, 172
Storage-Outflow Plot, 78
Module ID, 178, 227
AUXFLOW, 161
Exarmnple, 318, 325, 348
EXSTAGE, 123
GRAVITY, 116
POND, 93
PRECIP, 39, 40
PUMP, 121
RUNOFF, 87
Specification, 163
Module IDs, 16
Modules, 16
Monochrome Graphics Adapter, 293
Monotonically Increasing Independent
Variables, 19
Monthly Base Flow Rates, 56
Monthly Generalized Runoff Coefficients,
58
Monthly Plots of Actual Values, 25
Monthly Summaries, 175, 201, 225
Definition, 176
Monthly Totals/Averages
Available Summaries, 175, 225
Moving Between Characters in Data Entry
Fields, 17
Multi-Year Plots of Annual Values, 25
Muskingum K Coefficient, 79
Errors, 165
Muskingum Routing Computation, 78
Data Entry Screen, 79
Example, 307
Error Message, 363
Muskingum x Coefficient, 79
Muskingum-Cunge Routing Computation,
80
8-Point Channel Data Entry Screen, 86
8-Point Channel Plot, 87
Circular Channel Data Entry Screen, 85
Data Entry Screen, 84
Error Message, 363
Trapezoidal Channel Data Entry
Screen, 85

N

Negative Head
Maximurn, 245
NOAA Atlas 2, 43

Normal Depth of Flow in Culvert, 114
Number of Hours to Lag Hydrograph, 79
Number of Identical Outlets, 98, 101, 180,
230

Example, 314, 346
Number of Intervals

Auxiliary Inflows, 153

Exterior Stage

Example, 344

Exterior Stage Data for HEA, 133
Number of Pumps, 257
Number of Routing Steps

Modified Puls Routing Computation, 77

Muskingum Routing Computation, 79
Numeric Display Formats, 175, 225, 263

®)

Opening Size, 180, 230
Operate Pumps, Gravity Outlets
Simultaneously?, 169

Example, 320, 349

Outflow, 77
Maximum Rate and Total Volume, 216
Plot, 237
Rate, 235
Total Rate, 186, 194, 240
Total Rate and Volume, 247

Qutlet Control Flow
Computation, 112
Computation Flow Chart, 113
Computed Headwater, 112
Definition, 110

Qutlet Cross-Sectional Area
Units, 294

Qutlet ID, 179, 229

OQutlet Location, 179, 229

Qutlet Structure ID, 98, 101, 116
Example, 314, 346

Outlet Type, 180, 230

Overflow
Data Entry Screen, 158
Definition, 149
Error Message, 369
Error Messages, 368
Errors, 165, 172
Lower Sub-Basin, 158
Maximum Rate, 251
Maximum Rate and Total Volume, 216,

247

Plot, 159
Rate, 194, 240
Total Volume, 253, 266

Overflow Table ID, 158
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Page Breaks, 20
Panning (Plots), 28
Partial Series, 169
Frequency Analysis, 219, 221
Partial Series Frequency Analysis
Error Messages, 369
Partial-Duration Series, 41
Peak Discharge, 71
Peak Flow Rate
Definition, 67
Peaking Coefficient, 72
Percent (%) of Drainage Area Impervious,
54, 57
Percent Chance Exceeded, 221
Percent Loss
Average Monthly, 201
Percent of Drainage Area Impervious
Example, 304, 337
Percent Time Exceeded, 217
Perform Exterior Basin Analysis, 166
Perform Frequency Analysis (+ Upper,
Lower, Ext., Pond as needed), 167
Perform Frequency Analysis (Plus Pond
Routing As Needed)
Example, 320
Perform Interior Analysis
Menu Option, 15
Perform Lower Sub-Basin Analysis (+
Upper as Needed), 166
Example, 318
Perform Pond Routing Analysis (+ Upper,
Lower, Ext. as needed), 166
Perform Upper Sub-Basin Analysis, 166
Period-Of-Record Analysis, See Continuous
Simulation Analysis
Picking Values from Lists, 18
Pipe Culvert
Definition, 95
Entrance Loss Coefficient, 105
Plan
Archiving Data, 356
Definition, 11
Deleting Data, 358
List of All, 353
Specification Screen, 163
Plan Comparison Interior Analysis
Summaries, 264
Plan Comparison Summaries, 263
CSA, 264
A, Maximum Values, 265
Analysis Summaries, 264, 265
B. Flood Volume Data, 266

C. Gravity Outlet Outflow Volumes,
267
D. Gravity Outlet Days Blocked, 268
E. Pump Capacity and Days
Pumped, 270
F. Maximum Interior Elevations,
271
G. Duration of Interior Flooding,
273
Gravity Outlet Analysis Summaries,
264, 267
H. Maximum Interior Area Flooded,
275
Interior Analysis Summaries, 271
Menu, 265
Plan Selection Screen, 264
Example, 326
Pump Analysis Sumrnaries, 264
Pump Outlet Analysis Summaries,
270
Definition, 175
HEA, 276
A. Plan Summary, 278
B. Maximum Interior Elevation
Frequency, 278
C. Maximum Interior Area Flooded-
Frequency, 280
D. Maximum Total Interior Inflow-
Frequency, 281
Menu, 277
Plan Selection Screen, 277
Plan ID, 163, 225, 263, 276
Batch Mode Command, 173
Example, 317, 325, 348
Plan Specification Screen
Example, 318, 349
Plan Sumrnary, 278
Screen, 278
Plot Key, 24
Plots
Displaying, 24
Panning, 28
Printing, 20
Printing to File, 20
Zooming, 25
Plotting Position Table, 219
Analysis Record Summary
Availability, 167
Computation, 219
Plot, 221
Screen, 220
Point-to-Area Rainfall Conversion Factors,
40
Pond Data Specification Screen, 94
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Example, 311, 344
Pond Elevation
Example, 309, 342
Pond Elevation versus Surface Area
Errors, 172
Pond Elevation versus Surface Area Table,
90
Error Messages, 368
POND Module
Definition, 16
Menu Screen, 90
Structure, 89
POND Module ID, 93
Example, 311, 343
Pond Starting Conditions Screen, 168
Example, 321, 350
Pond Storage Volume, 244
Pond Surface Area
Data Entry Screen
Example, 310, 342
Units, 294
Pond Surface Area and Storage Volume
Plot, 91
Pond Surface Area Data Entry Screen, 91
PONDOS3 Screen ID, 91, 310, 342
PONDO4 Screen ID, 19, 92
PONDOS5 Screen ID, 94, 311, 344
Ponding Area, 89
Positive Head
Maximum, 245
PRECO01 Screen ID, 52, 336
PRECO02 Screen ID, 32, 298
PRECO03 Screen ID, 36, 300
PRECO04 Screen ID, 37, 301
PRECOQ5 Screen ID, 39, 303
PRECO06 Screen ID, 43, 334
PRECOS8 Screen ID, 45, 335
PREC10 Screen ID, 48
PRECIP Module
Definition, 16
Structure for CSA, 30
PRECIP Module ID, 39, 40, 178, 228
Example, 302, 333
Precipitation, 182, 232
Annual Total, 208
Average Monthly, 201
Data Entry Screen
Example, 298
Error Messages, 361
Total Depth, 248
Precipitation Data Specification Screen
Example, 303
Precipitation Depth
Units, 294

Precipitation Hyetograph, 29
Precipitation Record Data Entry Screen, 32
Precipitation Record ID, 35, 138
Precipitation Station Data, 31
Precipitation Station ID, 31, 40
Error Message, 361
Example, 297, 298, 300, 302
Primary Gravity Outlet Location, 116
Primary Location Total Gravity Outflow
Rate, 196
Primary Qutlet
Area, 271, 273, 275, 278
Average Annual Days Blocked, 269
Outflow Rate, 242
Total Days Blocked, 268
Total Hours Blocked, 255
Total Outflow Volume, 267
Total Volume of Outflow, 255
Primary Outlet Exterior Stage Exceedance
Duration, 146
Primary Outlet Location
Error Message, 366
Main River
Example, 312
Transfer Relation, 127
Primary Outlet Location Menu, 126
Primary Qutlet Location on Main River
Menu Screen, 127
Primary Outlet Location on Tributary
Error Messages, 366
Menu Screen, 139
Primary Outlet Locations on Main River,
126
Primary Outlet Locations on Tributary, 139
Primary Outlet on Main River
Error Messages, 365
Printable Lines Per Page, 292
PRINTB Batch Mode Command, 173
Printer Characteristics, 291
Configuration Screen, 292
Printer Setup String, 291
Printer Type, 292
Printing
Plot, 20
Plot to File, 20
Reports, 22
Screen, 20
Program Configuration Options, 287
Menu, 288
Menu Option, 13
Program Disks and Files, 285
Program Menu Hierarchy, 14
Program Version Number, 11
Screen, 12
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Projecting Culvert Inlet, 110
PrtScrn Key, 20
Pump
Average Annual Operating Time, 271
Capacity
Example, 322
Efficiency
Example, 322
Error Messages, 365
Maximum Outflow Rate, 266
Maximum OQOutflow Rate and Total
Volume, 247
Maximum Total Outflow Rate, 250
Number Available, 257, 270
Outflow Rate, 240
Total Capacity, 257, 270, 273, 275, 278
Total Capacity Available, 271
Total Head
Example, 322
Total Operating Time, 270
Total Outflow Volume, 253, 266
Pump Analysis
Event Comparison Summary, 257
Plot, 259
Screen, 258
Pump Analysis Summaries, 264
Pump Capacity
Maximumn, 181
Pump Capacity and Days Pumped
Plan Comparison Summary, 270
Screen, 271
Pump Capacity Versus Head and Efficiency
Plot, 120
Pump Energy
Annual Total, 211
Average Annual, 223
Average Monthly, 206
Computation, 206
Monthly Plot, 208
Plot of Annual Total, 212
Total, 223, 257
Units, 294
Pump Head
Annual Maximum, 211
Average Monthly, 206
Definition, 205
Exceedance Duration Table, 217
Maximumm, 215, 246, 265, 270
Maximum Monthly, 205
PUMP Module
Data Specification Screen, 122
Definition, 16
Menu Screen, 118
Structure, 117

PUMP Module ID, 121, 181, 231
Pump Operating Time
Monthly Plot, 207
Total, 257
Pump Operation Data
Analysis Record Summary, 223
Availability, 167
Screen, 224
Monthly Surmmary, 205
Availability, 167
Screen, 206
Pump Outflow
Plot, 237
Rate, 234
Total Rate, 186, 194
Pump Outlets, 117
Pump Start Elevation, 119, 181, 231
Error Message, 365
Errors, 165
Example, 322
Minimum, 223, 257, 270, 278
Pump Start/Stop Elevations
Plot for CSA, 121
Pump Station Data
Analysis Input Data
HEA, 231
Analysis Input Summary
Availability, 167
CS8A, 181
Screen, 181
HEA, 231
Pump Stop Elevation, 119, 181, 231
Error Message, 365
Errors, 165
Example, 322
Minimum, 223, 257, 270, 278
Pump Unit, 117
Capacity, 119
Data Entry Screen
CSA, 119
Example, 323
HEA, 120
Efficiency, 119
Operation with Gravity Outlets, 169
Total Head, 118
Pump Unit ID, 118, 181, 223, 231
Example, 322
PUMPO02 Screen ID, 19, 119, 323
PUMPO0S3 Screen ID, 122, 325
PUMPO04 Screen ID, 120
Pumping Time
Annual Total, 211
Average Annual, 223
Average Monthly, 205
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Plot of Annual Total, 212
Total, 223
Total Monthly, 205
Pumps
Maximum Outflow Rate and Total
Qutflow Volume, 216

R

Rainfall Data
Definition, 3
Rainfall Depth, 42
Rainfall Depth-Duration-Frequency
Data Entry Screen
Example, 334
Rainfall Depth-Duration-Frequency Data
Entry Screen, 43
Rainfall Excess
Definition, 3
Rainfall Excess Hyetograph, 66
Rainfall Station ID, 178, 228
Rainfall-Runoff Data
Analysis by Events
Plot, 234
Analysis by Events Summary, 232
Example, 350
Screen, 233
Analysis Input Summary
Availability, 167
CSA, 178
Screen, 179
HEA, 228
Screen, 229
Annual Summary, 208
Availability, 167
Plot, 210
Screen, 209
Calculation Period Summary
Availability, 167
Example, 319
Plots, 184
Screen, 183
Event Comparison Summary, 248
Example, 351
Plot, 250
Screen, 249
Rainfall-Runoff Data Calculation Period
Summary, 182
Rank, 219
Rating Table
Exterior, 134
Exterior Channel Data Entry Screen,
137

Exterior Channel Rating Table Plot, 137

Main River, 140

Error Message, 366
Tributary, 141
Error Message, 366
Used to Compute Index Stage
Hydrograph, 130
Ratio of Recession Flow 1 Hour Later, 57
Example, 337
Ratio to Peak, 56
Example, 337
README.DOC File, 285
Recession
Base Flow, 57
Replacing Existing Values in Data Entry
Fields, 17
Report Key, 22
Retrieve Archival Copy of Specified Plan
Screen, 358
Retrieve Archival Copy of Specified Study
Screen, 357
Retrieving Archival Data, 357
Rise of Box Culvert, 105
River Bend Example Application, 295
River/Levee Station, 116, 179, 229
Example, 317, 347
Roughness Coefficient
8-Point Cross-Section, 86
Channel, 84
Culverts, 102
Error Message, 363
Routed from Upper
Maximum Rate and Total Volume, 216,
246
Rate, 191
Total Volume, 266
Routing Method for Interior Pond, 169
Runge-Kutta-Fehlberg Level Pool Routing,
169
RUNOQ1 Screen ID, 55
RUNOO2 Screen ID, 56
RUNOQS3 Screen ID, 58
RUNOO4 Screen ID, 59, 305
RUNOOQ6 Screen 1D, 72
RUNOQ7 Screen ID, 305
RUNOOQOS8 Screen ID, 75
RUNOI10 Screen ID, 19, 77
RUNOL11 Screen ID, 79, 307
RUNO12 Screen ID, 84
RUNOI13 Screen ID, 85
RUNO14 Screen ID, 85
RUNO15 Screen ID, 86
RUNO16 Screen ID, 80
RUNO17 Screen ID, 88, 308
RUNO18 Screen ID, 55, 338
RUNO19 Screen ID, 57, 339
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RUNO20 Screen ID, 60
RUNO21 Screen ID, 64
RUNO22 Screen ID, 66
RUNO23 Screen ID, 339
RUNO25 Screen ID, 306
RUNO26 Screen ID, 69
RUNO28 Screen ID, 74, 340
RUNO29 Screen ID, 69, 340
RUNOQS31 Screen ID, 76
RUNO32 Screen ID, 341
Runoff

Peak Rate, 249

Rate, 232
Runoff + Auxiliary Inflow

Diversion Table, 156
Runoff Coefficients, 58
Runoff Data Entry Options, 54
Runoff Data Entry Screen

CSA, 55

Example, 308
HEA, 55
Example, 341

Runoff from Lower

Maximum Rate and Total Volume, 2186,

246
Rate, 191
Total Volume, 266
Runoff Hydrographs, 53
Error Messages, 361
RUNOFF Module
Data Specification Screen, 88
Definition, 16
RUNOFF Module ID, 87, 178, 228
Example, 308, 341
Runoff Rate, 182
Annual Maximum, 209
Runoff Transforms
Definition, 3

S

Scale Number
Box Culvert, 105
Circular Culverts, 109
Screen Box Characters, 291
Screen Characteristics, 288
Screen Colors, 288
Screen ID, 11
Screen Reference Number, 11
SCS Curve Number, 59, 60
Values for Rural Areas, 62
Values for Urban and Suburban Areas,
63
SCS Curve Number Loss Computation, 59
Data Entry Window, 60

Error Message, 361
SCS Dimensionless Unitgraph
Computation, 73
Data Entry Window, 74
Example, 305, 340
Error Messages, 362
Mustration, 73
SCS Initial Rainfall Abstraction, 60
SCS Lag
Example, 304, 337
SCS Lag Value, 165
SCS Soil Classification System, 61
Secondary Gravity Outlet Locations, 116
Secondary Locations Total Gravity Outflow
Rate, 196
Secondary Outlet Locations
Transfer Relation, 127
Secondary Outlets
Average Annual Days Blocked, 269
Outflow Rate, 242
Total Days Blocked, 268
Total Outflow Volumes, 255, 267
Seepage
Data Entry Screen, 160
Definition, 149
Error Message, 369
Errors, 172
Inflow Rate, 191
Lower Sub-Basin Inflow, 159
Maximum Rate and Total Volume, 216,
247
Maximum Total Rate, 250
Plot, 160
Rate, 238
Total Volume, 253, 266
Seepage Inflow
Seepage Table, 159
Seepage Table ID, 159
Shape Factor, 45
Side Slope of Trapezoidal Channel, 84
Silver Creek Example Application, 331
Skewed Headwall, 108
Slope
Channel, 84
Culvert, 115
Slope of Outlet, 180, 230
Snyder Unit Hydrograph Computation, 70
Data Entry Window, 72
Error Messages, 362
Mlustration, 71
Soil Classification System, 61
Sound Options, 290
Source of Record, 178, 228
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Specifying Composite Precipitation
Weights, 35
Specifying Precipitation Data, 38
Specifying Runoff Data, 87
Stage Hydrograph
Definition, 126
Stage-Frequency Table
Analysis Record Summary
Availability, 167
Example, 321
Plot, 223
Screen, 222
Stage-Frequency Table Analysis Record
Summary, 221
Standard Lag, 72
Standard Project Flood, 331
Plot of Gravity Outlet Volume and
Hours Blocked, 256
Plot of Inflows and Outflows, 253
Plot of Maximum Inflow Rate, 251
Plot of Maximum Interior Area Flooded,
280
Plot of Maximum Interior Elevation, 280
Plot of Maximum Interior Elevation,
Area Flooded, and Inflow, 260
Plot of Maximum Interior Inflow, 281
Plot of Maximum Runoff Rate, 249
Plot of Pump Operating Time and Pump
Energy, 258
Standard Project Index Precipitation, 45
Example, 334
Standard Project Storm, 40
Computation, 45
Data Entry Screen
Example, 335
Definition, 29
Starting Period
Auxiliary Inflows, 151
Exterior Discharge Hydrograph, 134
Exterior Stage
Example, 312
Index Stage Hydrograph, 130
Precipitation
Example, 297
Precipitation Station, 31
Starting Pond Elevation, 168
Example, 320, 349
Station ID, 31
STATLIB Error Messages, 370
Storage, 77
Storage Table ID, 90
Example, 309, 311, 342, 343
Storage Volume, 199, 244
Frequency, 221

Maximum, 215, 245
Maximum During Ranked Event, 219
Storage-Outflow Plot, 78
Store Archival Copy of Specified Plan
Screen, 356
Store Archival Copy of Specified Study
Screen, 356
Storing Archival Data, 355
Storm Area, 40, 249, 251, 253, 257, 259,
278
Example, 333
Storm Distribution Table
Example, 336
Storm Hydrograph Plots, 49
STORM Reduction Coefficient, 45
Example, 334
Streamn Gaging Station, 128
Structure ID
Example, 317, 347
Study
Archiving Data, 356
Definition, 11
Deleting Data, 358
List Master Directory, 354
List of All, 353
Retrieving Archival Copy, 357
Study ID, 355
Batch Mode Command, 173
Definition, 11
Example, 297, 333
Study ID and Descriptions Screen, 12
SUMMO2 Screen ID, 233, 350
SUMMOS3 Screen ID, 178, 228
SUMMO04 Screen ID, 179, 229
SUMMO5 Screen ID, 180, 230
SUMMO6 Screen ID, 181
SUMMO7 Screen ID, 183, 319
SUMMOS8 Screen ID, 187
SUMMOS Screen ID, 192
SUMMI10 Screen ID, 194
SUMM11 Screen ID, 197
SUMM12 Screen ID, 199
SUMM13 Screen ID, 201
SUMM14 Screen ID, 203
SUMM15 Screen ID, 206
SUMML16 Screen ID, 209
SUMM17 Screen ID, 211
SUMM18 Screen ID, 213
SUMM19 Screen ID, 215
SUMMZ20 Screen ID, 217, 218, 239
SUMM22 Screen ID, 220
SUMMZ24 Screen ID, 222
SUMMZ25 Screen ID, 321
SUMM26 Screen ID, 224
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SUMM27 Screen ID, 235
SUMM29 Screen ID, 241
SUMMSO0 Screen ID, 243
SUMMS31 Screen ID, 244
SUMMS32 Screen ID, 246
SUMMBSS3 Screen ID, 248
SUMMS34 Screen ID, 249, 351
SUMMBS35 Screen ID, 251
SUMMS36 Screen ID, 254
SUMMS37 Screen ID, 260, 352
SUMMBS3S8 Screen ID, 256
SUMMB39 Screen ID, 258
Summaries, 175
Summary of All Results

Available Summaries, 175, 225
Surface Area

Example, 309, 342

Pond, 92
Synithetic Storm, 29
Synthetic Storm Methods, 40
System of Measurement

Default, 294

T

Tables
Data Entry, 18
Zero-Based, 19
Tailwater, 89
Definition, 95
Gravity Outlet Rating Table, 98
Tabulation Interval, 101
Example, 314, 346
Nustration, 102
Terminating the Current Operation, 28
Threshold Elevation, 219, 221
Error Messages, 369
Threshold Elevation for Events, 170
Time
Units, 294
TIME Batch Mode Command, 173
Time Increment
Exterior Discharge Hydrograph, 135
Index Stage Hydrograph, 130
Precipitation
Example, 297
Precipitation Station Data, 32
Synthetic Storms, 41
Time Interval
Auxiliary Inflows, 151, 153
Exterior Stage
Example, 312
Exterior Stage Data for HEA, 133
Hypothetical Frequency Storm
Example, 333

Time Of Concentration
Error Message, 362
Time of Concentration, 68
Errors, 165
Time-Area Curve, 67
Topographic Data
Definition, 3
Total Head
Maximum, 181
Pump unit, 118
Total Inflow
Rate, 238
Total Precipitation Weight, 35
Example, 300
TP-40, 43, 331
TP-49, 43
Transfer Main River Stage Hydrograph, 140
Primary Outlet Locations on Tributary,
140
Transfer Relation
Concepts for Main River, 128
Data Entry Screen for Main River, 129,
141
Definition, 123
Example, 312
Main River, 172
Main River Stage Data to Tributary
Confluence, 140
Plot for Main River, 129
Primary Outlet Location on Main River,
127
Tributary, 172
Transferred Elevations
Main River Transfer Relation, 128
Trapezoidal Channel
Bottom Width, 84
Side Slope, 84
Tributary
Definition, 126
Error Messages, 366
Primary Outlet Location, 139
Tributary Discharge
Error Message, 367
Tributary Discharge Hydrograph, 141
Primary Outlet Locations on Tributary,
140
Tributary Elevations
Tributary Rating Table, 142
Tributary Flow
Tributary Rating Table, 142
Tributary Rating Table, 141
Concepts, 142
Data Entry Screen, 143
Error Message, 366
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Plot, 143

Tributary Transfer Relation
Error Message, 367

Type Batch Mode Command, 173

Type of Frequency Analysis
Example, 320

Type of Series, 219, 221, 249, 251, 253,

257, 259, 278

Example, 333

Typeover Mode, 17

Types of Series, 41

U

Unblocked Outlet, 331
Uniform Loss, 58
Example, 304, 337
Unit Hydrograph, 66
Data Entry Screen, 75
Duration, 66, 68
Error Message, 362
Errors, 165
Entering, 75
Error Messages, 362
Method, 228
Ordinates, 75
Plot, 70
Example, 306
Tabulation Interval, 75
Tabulation Window, 69
Example, 306, 340
Unit Hydrograph Method, 179
Upper Interior Sub-Basin
Basin ID, 87
Channel Routing Data, 75
Upper Routed
Maximum Rate, 250
Rate, 191, 238
Total Volume, 253
Upper Sub-Basin
Analysis, 166
Definition, 38

\'/

Valid Range of Elevation Values, 18
Varying Tailwater Condition, 89
Version Number, 11
VGA, 293
Viewing Composite Precipitation Patterns,
36

Viewing Storm Distributions, 52
Volume Pumped

Average Monthly, 205

Monthly Plot, 207

Total Monthly, 205

W

Water Year Annual Summaries, 175, 208,
225
Definition, 176
Watershed Storage, 68
Error Message, 362
Errors, 165
Weighted Average Rainfall, 34
Width of Box Culvert, 105
Wingwalls, 107

)4

Zero-Based Tables, 19
Zooming (Plots), 25
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