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Foreword

The Regime Prescription Tool (HEC-RPT) is designed to help groups of scientists,
engineers, and water managers access hydrologic data and draft flow recommendations
while they formulate different ways to manage rivers.

HEC-RPT is the first joint software development by the U.S. Army Corps of Engineers
and The Nature Conservancy. Development was undertaken in support of the
Sustainable Rivers Project, which is an ongoing nation-wide partnership between the
Corps and The Nature Conservancy to improve the health and life of rivers by changing
the operations of Corps dams.

Development was performed at the Hydrologic Engineering Center (HEC), which is a
division of the Institute for Water Resources, U.S. Army Corps of Engineers. Mr. John
Hickey, HEC, Water Resource Systems Division, designed the software and managed
its development. Mr. Shannon Newbold, Resource Management Associates (RMA),
contributed to design and performed the programming. Mr. Andy Warner, The Nature
Conservancy, contributed to design and led the Conservancy’s participation. Ms. Mary
Karen Scullion, Mr. Brad Bird, and Mr. Bruce Duffe, Portland District of the Corps,
were instrumental in project initiation. Mary Karen led the District’s participation.

During development of Versions 1.0 and 1.1, Mr. Chris Dunn helped manage the
project and was Chief of the Water Resource Systems Division; Mr. Darryl Davis was
Director of HEC. During development of Version 2.0, Mr. Matt McPherson was Chief
of the Water Resource Systems Division and Mr. Chris Dunn was Director of HEC.
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CHAPTER 1

Introduction

1.1

1.2

Purpose

The Regime Prescription Tool (HEC-RPT) is a software tool designed to facilitate
entry, viewing, and documentation of flow recommendations in real-time, public
settings. HEC-RPT seeks to improve 1) communications in group settings by allowing
real-time recording and plotting of the recommendations as they are developed and 2)
the recommendations produced by making hydrologic information more immediately
accessible to scientists, engineers, and water managers during the formulation process.

HEC-RPT is primarily a visualization tool and is not intended to perform the detailed
quantitative analyses (e.qg., statistical analyses or reservoir and river routing) already
performed by other software packages. Instead, HEC-RPT seeks to complement other
software by making it easier to create flow time series that other software packages can
import and use in their analyses.

HEC-RPT will be available as an option from the Tools menu of the reservoir
simulation model HEC-ResSim (version 4.0) and also has the ability to “stand alone” as
an independent executable capable of accessing hydrologic data for reading, writing,
and plotting data. Flow recommendations formulated in HEC-RPT can be exported to
HEC-DSS (Data Storage System) and are thereby available for immediate analysis in
other HEC software, including reservoir system simulation, river hydraulics, and
ecosystem functions.

Motivation

The idea for this software was conceived during a Sustainable Rivers Project workshop
for the Savannah River, where nearly 50 scientists worked together to formulate a set of
flow recommendations designed to sustain the integrity of Savannah River ecosystems.
The Sustainable Rivers Project partners the U.S. Army Corps of Engineers (Corps) and
The Nature Conservancy in an ongoing effort to re-operate Corps dams to achieve more
ecologically sustainable flows, while maintaining or enhancing project benefits. During
the two-day workshop, sets of flow recommendations were created for three ecotypes of
particular importance in the Savannah Basin (shoals, floodplain forest, and estuary).
Each set was comprised of specified pulse, flood, and low flows for wet, average, or dry
hydrologic conditions. After recommendations were prepared for the individual
ecotypes, those three sets were unified into a single set of recommendations through the
merging of features specified for each of the ecotypes.
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1.3

1.4

1.5

Throughout this formulation and unification process, many hydrographs were created,
discarded, and morphed. Facilitators were pressed to track all of the recommendations
and lacked an easy way to present results electronically. It was noted that a tool capable
of rapidly displaying, adjusting, and documenting hydrographs would make the
formulation process easier and, if it were also capable of accessing and plotting
historical hydrologic data to guide the scientists upon their request, then the product as
well as the process would be improved.

Sponsors

HEC-RPT is the first joint software development by the Corps and The Nature
Conservancy. Development costs (through the first release version) were shared
between the Hydrologic Engineering Center of the Corps, the Portland District of the
Corps, and The Nature Conservancy.

Programming Done By Utilization of Other Code

HEC-RPT progressed from an idea to a functional software tool in less than 8 months.
This rapid development was made possible in part by the integration of several
components already developed for other HEC software, including plotting windows and
a database interface from HEC-DSSVue (Corps 2005) and an interface for scripting
with time series from HEC-ResSim (Corps 2003). Without these components, HEC-
RPT development would have been a much longer process and likely beyond the
funding capacity of the sponsors.

Software Details

HEC-RPT is programmed in Java and is compatible with Windows 98, ME, NT, 2000,
and XP. Using HEC-RPT requires use of HEC-DSSVue, but a copy of that software
has been embedded in the HEC-RPT code and is part of the install package. Therefore,
HEC-RPT does not require installation of any other software to be functional. The
installation file and documentation are available for download at
www.hec.usace.army.mil/software/. The executable and supporting files are installed to
the default directory: C:\Program Files\HEC\HEC-RPT\. The demonstration project
and supporting files are installed to a user specified directory via the software’s “Help —
Install Demonstration Project...” menu option.

1-2
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CHAPTER 2

Using HEC-RPT

HEC-RPT is designed to be as simple as possible, while providing users with a tool for

creating flow recommendations and viewing historical data that is flexible enough to

accommaodate a range of formulation approaches used in group settings. In HEC-RPT,
the basic framework for flow recommendations is that flows are 1) created for different
subjects of interest, 2) related to a hydrologic condition or season, and 3) expressed as

combined time series of low flows, pulse flows, and flood flows. Figure 2.1 shows the
components and controls of the main interface.

Menu Bar

File - Create a new project, open or save an existing project, exit, return to recently opened projects.

Project - Define project setup (Systems, States, Flow Components, Units, Water Year), export flow recommendations to DSS.

Plots - Activate predefined plots for thumbnail, control viewing of flow recommendations, toggle main and thumbnail plots.

Reports - Access summary reports for the project or for individual systems.

Help - Contains terms and conditions of use, description of software, and the user’s manual.

M| Mearidering River Demo - HEC-RPT

File Project Plats Reparts  Help

line styles for states.

State Legend - Colors and

i

System: | Unified v j
L3
: j ~
State: |Dry hd Q 5000
Flow Components —
1t Main Plot - View data based
Pulses/Floods: Spring Pulses - Dy “ — 5,000 —_
0% on calendar date.
Description: Pulses to help migrating fish. @
Date {ddmmm): OlMar | ko 30Apr 4,000
Winter/Spr PLI|SES Avg
Flow (cfs): 1500 | to 1800 @ | |
< 3,000 | |
Date | Duration Peak D.OWP, E | |
{ddmmm} | (Days) {cfs) (Days) b | I
15Mar 6 1600 1| 2,000 |
| Pulse/Flood Flow Data Entry ||
| Dates, durations, magnitudes, Laan Ii
|| and duration of peaks. Ug Pl LN
e == SES ol
0 |
Low Flows: () Linear (%) Step Apr JuI Apr JI:'
- 1386 1987 1988
Description: 'E
=] I 3
Date Flow Description
(ddmmm}) (cfs)
010ck zoo -~ AT DAM COMPLITED FLOW-NAT . Al Sas far ing UnFled Symam
gi]Nw Low Flow Data Entry — [] AT DAM GAGED FLOW-RES OUT Winter Flood - 1=t
A " B ——F— .
ol | Dates, magnitudes, : i [ - Thumbnail Plot
niaug | and descriptions. — Data List - Catalog of so00-] View data based
I I v imported time series. Spring Pulfes - et | ON water year.
g Winker5prifi Pujses - Avg
State Legend 3z |
? é A0l Pulse - Wel i l l
— et — Bverage Data Importer - Import 200 [ ! 1.
Dry flow data from DSS. I—B: 1 ﬁ tj!'
5 |

[ L Dpss selector

T
Jan Har Hay 2l S

Figure 2.1 Key components of the main interface.
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2.1

2.1.1

2.1.2

2.1.3

2.1.4

Hierarchy of Terms

Project

"Project" refers to the whole suite of flow Project

recommendations, historical data, and E@ System #1

hydrologic methods used during formulation

and any ensuing refinement of flow L) saem
recommendations (Figure 2.2). A project is ~© Flow Component - Pulse #1

typically defined in terms of a long stretch of :
river that has an independent (or nearly so) set
of management strategies and infrastructure.

Where a single set of reservoirs is used to :
manage waters of a whole basin, a single - © Flow Component - Flood #
project is often used to encompass all flow
recommendations for that basin. () st

O Flow Component - Pulse #N
—© Flow Component - Flood #1

—© Flow Component - Low Flows

E*B State #N

SyStem EQ_D System #2

"System™ is the term used to describe a subject " :

of interest for which flows will be Dﬁ SVS‘E"‘_ N

recommended. There tends to be multiple Figure 2.2 Project, system, state and flow
systems within one project and there is no limit component structure.

to the number of systems per project. A system may refer to a location on a river - such
as an important gage location, or to an important ecosystem connected to the river -
such as a floodplain forest community, or to a guild of creatures - such as fishes, or to
different points of view for river management - such as water supply, hydropower
operations, or recreation.

State

"State" refers to a prevailing hydrologic condition or season that is associated with a set
of flow recommendations. There tends to be multiple states within one project and
there is no limit to the number of states per project. The same set of states is used for
all systems in a project. A sample set of three states is: wet, average, and dry. Flow
recommendations are prepared for each state in each system.

Flow components

"Flow components" are the building blocks of a recommended flow time series. There
are three types of flow components - low flows, pulse flows, and flood flows (Figure
2.3). Low flows are the foundation of the time series. Low flows are defined for each
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day in a water year (for each state in each system). Pulse flows and flood flows deviate
from this base. A flow recommendation (for one state in a system) can have many
pulses and floods, but only one series of low flows. Both pulses and floods are defined
by timing, duration, magnitude, and duration of peak. This approach was developed by
The Nature Conservancy (Richter et al. 2006) and was adapted in part from the
"Building Block Methodology"” (King et al. 2000) and the "Holistic Approach”
(Arthington et al. 1992) methods for defining environmental flows, which were
formalized and first used in South Africa and Australia in the 1990’s.

Flood Flows - High flows usually associated with intense runoff
events and resulting in geomorphic change. Ecologically
‘ important for resetting ecological communities, reducing
non-native species, and creating new riparian habitats.

®000000000000 00000 CGOOIOOIOSOIOTNY

Pulse Flows - Moderate or small increases from low flow
conditions. Pulses provide a diverse range of ecological
services, including migratory cues, seasonal habitat for fish
spawning and migratory birds, and riparian plant recruitment.

Low Flows - Low flows occur at times when runoff from rainfall
is insignificant. Ecologically, these provide services such as fish
and plant survival, connectivity of aquatic habitat, and relatively
stable conditions for spawning and rearing of some fish species.

( IXX XX R Y]

Figure 2.3 Hydrograph separation into low, pulse, and flood flow components.

2.2 Starting or Accessing Projects

Project creation and use in HEC-RPT follows the same procedures as common
windows-based software. HEC-RPT can be activated from the Start menu ("Start — All
Programs — HEC — HEC-RPT") or by double-clicking on the executable (.exe) file, on
any shortcuts that target that executable, or on an existing project file (if the extension
“*.ec0” has been associated with the program). Once the software is activated, project
files can be saved, saved as, or new files can be created.

Each project has a user-defined water year. The default water year for HEC-RPT
begins October 1 and ends September 30. To change this setting, go to the "Project —
Define Water Year..." menu and enter a different start and end date (Figure 2.4).

2= Plots  Feporks  Help

Define Water Year...

Define/Edit Skates. ..
Define Water Year... @

Svskem
Floww \Water Year:
IInits From ey | To | 305ep

Export Recommendations to 095

[ Ok m‘l [ Cancel ]

Figure 2.4 Menu option and interface for changing water year.

Set Decimal Places...

2-3
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2.3

2.4

The basic sequence when a new project is being created follows: 1) name the systems,
2) define the states, and 3) populate the flow recommendations. At any time, historical
data can be brought into the project to serve in the formulation process.

Naming the Systems

Systems are managed via the "Project — System" menu. This menu offers options to
create new systems, rename, duplicate, or delete existing systems, and import systems
from other projects (Figure 2.5).

Plots Reports Help

Define Water Year, ..
Define/Edit States...

New System

k= K Name: Gravelly Riffles
Flaw » Rename .7,
Units »  Duplicate..§ Description: Gravelly Riffles is located below the #
Export Recommendations to DSS Delete... powverhouse on the Meandering Riwver.
Set Decimal Places... 3 Import... It is a popular place for boating and

iz also an important spawvning area for
several fish species.

v

0K [: Cancel

Figure 2.5 Menu option and interface for creating a new system.

All projects have an inherent system called "<Default>" that acts as a place holder for
new projects, thereby allowing users to define states and even populate flow
recommendations before creating new systems. However, because it is intended to be
only a place holder, the default system has limited utility in HEC-RPT. If flow
recommendations have been created for the default system and the user would like to
use a feature not supported for the default system, then a new system can be created and
flow components of the default system can be imported to the new system.

Details on importing systems and flow components are provided in the “Importers for
Systems and Flow Components” section of this manual.

Defining States

There are two methods for defining states: 1) Define by name and year and 2) Define by
scripting with time series. Selection of method is controlled by the radio buttons
located to the left of the method titles (Figure 2.6). Only one method may be active;
however information entered by the user for either option is stored to allow users to test
or alternate between methods. The Define/Edit States editor is accessed via the "Project
— Define/Edit States..." menu selection.
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Define/Edit States - HEC-RPT M=1E3

(%) Define by name and year

Period of Record: Water Years | 1954 } to | 2003

; MName Years Description

I'\Wet 1960, 1964-1965, 1973, "Wet" includes the wettest 25% of A
1975-1976, 1979-1980, 1984, |vears based on average (mean)
1993, 1996, 1998, 2003 annual flow,

|Average 1954, 1958-1959, 1961-1963, |"Average" includes the middle 50% of
1966-1969, 1971-1972, 1974,  |years based on average (mean)
1977-1978, 1982-1983, 1987, |annual Flow,

1990-1992, 1994-1995, 1997

\Dry 1955-1957, 1970, 19581, "Dry" includes the driest 25% of
1985-1936, 19358-1939, vears based on average (mean)
1999-2002 annual Flow,

v

[ Assign Year States ]

() Define by scripting with time series

=0

BRRRR:

[ oK ]l Apply Iy}CJ [ Cancel ]

Figure 2.6 Interface for "Define/Edit States".

As settings are entered for defining states, that information can be applied to the Project
by clicking the Apply button or the OK button, which applies the changes and closes the
editor.

The demonstration project included as part of the HEC-RPT installation package
contains information for both methods of defining state.

2-5
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2.4.1 Define state by name and year

2.4.2

The "Define by name and year" method
allows users to create states and then

Assign Year States

associate different water years with those Year State

states. In this method, each water year is 1997 Average v|a
represented by a single state. After states 19983 Wet

are entered into the "Name" column in the 1999 \verage

table, water years can be assigned to a state 2000 Dry

by either typing them into the “Years” 2001 Dry v
column in the table or by clicking on the 2002 Dry ¥
“Assign Year States” button, which offers AL e |
drop down lists of states for each water year | ok || cancel |
within the user-defined period of record

(Figure 2.7). Flow recommendations will Figure 2.7 Interface for "Assign Year States".

be plotted only within this period of record.

In the demonstration project, three states (Wet, Average, and Dry) were used and water
years within the period of record were assigned to a state based on annual average flow
(i.e., the wettest fourth (25%) of years in the period of record was classified as "Wet",
the middle half (50%) as "Average"”, and the driest fourth (25%) as "Dry").

Define state by scripting with time series

The "Define by scripting with time series™" method involves scripting Jython code to set
a period of record, import time series of data, perform calculations with those time
series, and, ultimately, to use a logic statement to determine state (e.g., if X is less than
2, then state equals "Dry"). As many types of time series and computations can be used
in scripting, this method opens up an unlimited number of ways to define state and
allows HEC-RPT to assess scenarios from a perspective more akin to water
management operations where hydrologic conditions can change many times over the
course of a water year.

While this method offers a great deal of flexibility and power in defining states, it can
also be complicated. Jython is an implementation of the computer language Python that
has been adapted for use with Java. In other words, using Jython is essentially the same
as writing computer code.

The demonstration project assigns a state to each day in the period of record by
comparing that day’s recent unimpaired flows (computed as a 90-day backward looking
average) to the historical distribution of unimpaired flows for that calendar day (90-day
averages for that calendar day were computed for many historical water years, which
were then used to define a distribution). In this case, unimpaired is a term used to
describe flow conditions without man-made effects.

For more information about creating and using scripts, please refer to Chapter 7 of the
HEC-DSSVue User’s Manual (Corps 2005).
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2.5 Populating Flow Recommendations

As states are defined (and applied) a line along the X-axis of the main plot will appear.
The colors of this line represent the different states and times within the period of
record when a given state is in effect (Figure 2.8). Details about assignment and
changing of colors are provided in the “Color management” section of this manual.
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Figure 2.8 New states appear as colored lines along the X-axis of the main plot window.

When all time within the period of record has been assigned to a state, the colored line
will appear continuous and represents a set of unpopulated flow recommendations.

2.5.1 Adding low flows

Low flows are assigned to each day of the water year for each state in each system.

Low flow points (combinations of date and flow value) are entered into the low flow
table. HEC-RPT will interpolate between these known points using either a linear
method, which connects known points with a straight line of average daily low flows, or
a step method, which holds low flows at the value of the last known point until the date
of the next point is reached and then low flows step up or down to the flow value of that
next point. Description fields are provided for the whole low flow category, where
general approaches can be documented, as well as for the individual low flow points,
where strategies for different points can be detailed. Choice of method is controlled by
the radio buttons in the "Low Flows" area of the user interface (Figure 2.9).
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Figure 2.9 Low flows are displayed for each state.

Dry year values are highlighted in the figure and plotted in orange. Wet years (in
green) and average years (in red) each have only one data point, 20-cfs on 01Jan. The
difference between the two is that wet is using the linear interpolation method and
average is using the step interpolation method.

To support plotting of low flows, zero flow points are used at the start of each water
year for the step method and at the start and end of each water year for the linear

method. To avoid seeing these zero points in plots, low flows for those dates need to be
specified in the table.

2.5.2 Adding pulse and flood flows

Pulse and flood flows are managed via the “Project — Flow” menu option. This menu
offers options to create new flows, rename, duplicate, or delete existing pulses and
floods, and import flow components from other systems and states.

When "New..." is selected, a window opens that has a text entry field for name of new
flow and a set of radio buttons to specify whether the new flow is a pulse or a flood
(Figure 2.10). From a software perspective, there is no difference in the parameters that
characterize pulses and floods — both are defined by name, range of possible dates and
flows (a.k.a., graphical window), and a trace of the recommendations defined by date of
start, duration, peak, and duration of peak. However, pulses and floods are catalogued
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and reported as separate flow components in HEC-RPT because of their different
physical and ecological effects.

Plots Reports Help

Define Water Year...
Define/Edit States...
System

Add New Pulse/Flood Window

Units Renames, MName: | Demo Pulse|

Export Recommendations to DSS Duplicate. ..

Set Decimal Places... »  Delete... () Pulse () Flood
Date: to Import...

[ OK {}_” Cancel

Figure 2.10 Menu option and interface for creating a new pulse or flood flow.

Settings for the pulse-flood parameters are entered into the flow components area of the
HEC-RPT interface. Most parameters are for specifying the pulse-flood window and
the pulse-flood trace (Figure 2.11). The window defines the date and flow ranges for a
given pulse-flood (e.g., this pulse can occur anytime between 15Jan and 30Apr and be
between 30- and 35-cfs). The trace is a single realization of that pulse event (e.g., plot a
pulse that begins 30Jan, lasts 1-day, peaks at 30-cfs, and has a 1-day peak.)
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1 | | | = £ I I
H
[
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' - _ 10
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5
Date Flow Description
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01Jan 20 ~| o I ! ! !
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vl
& ¥ 0
12 ~
State Legend 10
— wet — awverage g7
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1 v
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Figure 2.11 Date and flow ranges define an operation window for a recommended pulse (or
flood) flow component.
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Traced pulse-floods deviate from the low flow called for at the beginning of the rise and
return to the low flow called for at the end. Between these points, the peak is as
triangular as possible; when the duration and duration of peak do not allow a symmetric
triangular peak, the extra day is added to the receding limb (Figure 2.12).
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Al é
2
=
‘ o
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15 T T T T T T T T
01Jan z0 Al 21 4 18 4 18 1 15 29
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L] , 2|
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Figure 2.12 Sample trace for the Demo Pulse. This trace has 7 peaks, each with the same
magnitude but with different combination of timing, duration, and duration of peak.

Traces can have multiple peaks for a single pulse-flood window. Overlapping
departures from low flow will create oddities in the plotting of the traces and the output
of the traced time series. Users are encouraged not to overlap multiple peaks within the
same window. In the case of overlapping peaks in different windows, the trace will
reflect the highest value required for each day being plotted.

Pulse-flood flows can also deviate from low flow towards zero, which might be useful
in states that call for episodic extreme low flows. However, downward pulse-flood
flows that fall to exactly zero will create errant data points in the output. Users are
cautioned to have positive non-zero values as minima for inverted peaks (0.1-cfs or any
small value would suffice).
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2.6

2.7

Banding

Banding is used to draw a range of acceptable flows around the trace. This can be
useful in situations where the objectives of a flow recommendation can be achieved
through varied river conditions, as long as flows stay within a minimum and maximum
flow. In this sense, bands are a helpful way to visualize the seasonal flexibilities (wide
band) and rigidities (narrow band) associated with flow recommendations.

Bands are set equal to the trace until adjusted by the user. Subsequently, bands are
always bounded by the trace such that an upper band can never be drawn below the
trace and a lower band can never be drawn above the trace. Upper and lower bands are
drawn individually for each combination of System and State.

Drawing is initiated by clicking either the upper or lower band buttons ==
associated with the main plot (Figure 2.13). When the cursor is |_,_ |
moved to the main plot window it will appear as intersecting vertical ~ [-—

and horizontal lines with an orange circle in the middle. Bands are L

drawn through a series of left clicks. A left double click will save the  Figure 2.13
new band. Alternatively, left clicks followed by a right click will Upper and
open a menu with options for saving or discarding the drawn, but lower banding
unapplied, points (Figure 2.14). buttons.

Bands are overwritten when redrawn. Bands, like traces, are repeated seasonally based
on state and can therefore be drawn for a maximum of one year (to allow for that entire
annual pattern to be repeated without overlap). When drawing, a vertical line is
displayed one year after the earliest point. The orange circle in the middle of the cursor
will not pass beyond that line, which is a visual indication that any points drawn to the
right of the line will not be accepted as part of the band. EXxisting bands are displayed
or hidden in accordance with the “Plots — ...Display Options — Display Banding” menu
option settings. EXisting bands can be removed by entering band points that fall wholly
below the trace for upper bands or wholly above the trace for lower bands.

Importing and Viewing Data

Data are imported to HEC-RPT projects from DSS files. Data in DSS are stored
according to pathnames. These pathnames have six parts (a/b/c/d/e/f). Each pathname
part represents a different characteristic of the data. Typically, a-part names the river,
b-part names the location, c-part names the type of data (e.g., flow), d-part lists the start
date of the data (or its period of record when viewing a condensed catalog as shown
below), e-part notes the time step interval, and f-part is reserved for a user-defined tag.

The browser that accesses DSS files and allows users to select data to import is
activated by clicking on the DSS Selector button. DSS files can be opened through this
interface by clicking on the open folder icon in the upper left or via the "File — Open"
menu. Data in the DSS file can be imported by highlighting the pathname of the data
and clicking the Set Pathname button at the bottom of the browser (Figure 2.15).
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Figure 2.14 Use of banding to show acceptable flow ranges. Upper band is above the trace.
Lower band is being drawn below the trace. Points entered can be Saved or
Discarded via right click menu options.
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Figure 2.15 Interface for importing DSS time series data.
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2.7.1

2.7.2

When imported, the time series will be plotted
in the Main Plot window and shown as active AT DAM COMPUTED FLOW-MAT

in the window (b-, f-, and c-parts are listed) Ml AT DAM GAGED FLOW-RES OUT
above the DSS Selector button. To hide the m
data while leaving it in the project, deactivate

the pathname by un-checking its check box.
To remove data from the project, right click on
the pathname and select "Remove" (Figure D55 Seleckar ]
2.16). Currently, only flow data (regular and Figure 2.16 Data list and DSS Selector

irregular series) for a wide range of time steps button from main interface.
(1-min to yearly) may be imported.

The ability to plot and navigate hydrologic data is a strength of HEC-RPT. The
software has two plot windows. Within these windows reside the main plot and the
thumbnail plot. The main plot is inherently viewed in the upper right hand plot window
and the thumbnail in the lower right, but their positions can be toggled via the "Plots —
Toggle" menu option or by pressing the CTRL-T keys.

Main plot

The main plot displays time series based on calendar date. Imported time series are
attached to a system. The range of time plotted for a system is bracketed with the
earliest start and latest end dates of all time series imported or the period of record
specified in the Define/Edit States editor. Flow recommendations entered for a system
and state will populate this plot automatically.

Thumbnail plot

The thumbnail plot displays time series based on a 12-month water year, independent of
calendar date. Several plot types are available via the "Plots — Predefined Plots™ menu
option, each focusing on a different perspective of the flow recommendations and
historical data. As in the main plot, when a flow recommendation is entered, the
selected thumbnail plot will display the change automatically (if the affected
recommendation is part of the predefined plot option being displayed).

Predefined plots [l Reports relp

Four different types of Main Plok Display Options 3 All States for one System

’ ) ) Cne Skate for all Svstems
H Thurnbnail Plok Display Options »
predefmed pIOtS are Py P Recormendations and Historical Data

available via the "Plots Toggle sl
— Predefined Plots™ menu, including 1) multi-year Percantile Flots

traces, 2) all states for one system, 3) one state for all

systems, and 4) percentile plots (Figure 2.17). The selected Figure 2.17 Menu options
plot will remain in view until replaced by the user with a for the predefined plots.
different predefined plot.

Mulki-ear Traces
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All states for one system

This plot option displays flow recommendations for all states in a single system (Figure
2.18). This allows users to compare recommendations for the full range of states, which
is typically a reflection of the spectrum of hydrologic conditions.

All States for the Unified System

7,000
ker Fibod - Wet
6,000 | }
I I
5,000
- ___Spring Pujges - Wet
. 4000 E— :
& | [ meles b Pulges - Avg |
z ! |
2 3,000 -
Fall Pulse - Wet [ |
ulse - | |
[ |
2,000 | - r
1,000 I [_ J
— — === Ne—

u} T T T T T T
Nov Jan Mar May Jul Sep

Figure 2.18 Display for an "All States for one System" plot.

One state for all systems

This plot option displays flow recommendations for a single state for all systems in the
project (Figure 2.19). This allows users to compare state-based recommendations for
different locations or guilds of creatures, which could be useful when merging or
unifying different river management perspectives into a single set of recommendations.

Multi-year traces

Multi-year traces display historical years of the same state over the same generic water
year period. This allows users to investigate similarities and differences between years
of the same state while formulating flow recommendations for that state.

The multi-year option is available only when state is defined by name and year. Plots
are selected according to system and state. When selected, the user sets the time series
to be plotted using the dropdown list of pathnames at the top of the options editor and
has two options for displaying the plot. The first option is to plot a fixed number of
historical years. The second is to plot specific historical years that are listed for the
already selected state. If a fixed number of years are selected, the user will have the
option to scroll through different years of that state by right clicking on the thumbnail
and selecting the +1 and -1 year menu options.
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Diry State for all Systems
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Figure 2.19 Display for a "One State for all Systems" plot. Wet state
recommendations are plotted for three systems, Gravelly Riffles,

Oxbow Flats, and Unified.

Figure 2.20 shows the Multi-Year Options editor that appears when the user selects a
multi-year trace through the “Plots - Predefined Plots” menu. Based on the settings in
the figure, a multi-year trace with two historical years (fixed number of years option) of
the AT DAM/FLOW-NAT time series would be plotted. The two historical years
would be 1954 and 1958, which are the first two years classified as “Average” (Figure
2.6). Selecting +1 would change the years displayed to 1958 and 1959.

Multi-Year Options @

Multi-vear Trace for Average State | pss pathnames |JDEMO/AT DAMIFLOW-NAT//LDAY/COMPUTED] v
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Figure 2.20 Options editor and plot display for a multi-year trace of two "average" years.
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Percentile plots

Percentile plots show how river flows on any given date (day/month) are distributed.
For instance, these plots can show river flows on 01Jan are above a certain flow rate in
half of the historical years (50%). Plotting this percentile with other percentile lines
helps to clarify seasonal flow patterns and show the commonality of different
magnitude flows.

Plots are selected according to system and state. When selected, the user sets the time
series to be analyzed using the dropdown list of pathnames at the top of the options
editor and presses the Compute button located below the dropdown list. Eleven
different data sets are computed. The user selects all or a subset of these data sets for
viewing. Clicking OK causes the selected data sets to be plotted (Figure 2.21).

Percentile Plot Options @

Fercentile Plotfor Average State N Time Series [JDEMOJAT DAMFLOW-NAT/{LDAY/COMPLITED, v
4,000
J [ Compute ]
2,500 ,E"'L*E"S_PWEEI_"L'SE'_&@_‘ Ein To Plot
| | FLOW/-MAT-AYER,
| | FLOW-HAT-SD ]
3,000 | I FLOW-MAT-MIN 4
' | FLOMW/-NAT-POS
I | FLOW-NAT-P10 1
#3007 | | FLOW/-MAT-PZ5
- | I FLOW-NAT-PS0 add Al »
5 2,000 ' LA FLOW-MAT-PTS
z FLOMW-HAT-PA0 -
= FLOM/-NAT-PIS
1,500 FLOW-HAT-MAH
1,000 [ oK | [ cancel
- _MM

Nlm' Je:n Mlar Mla\,-' JLI,I| Sép
Figure 2.21 Options editor and display for a percentile plot. Percent non-exceedance lines are
plotted for the 10, 50, and 90 percentiles.

2.7.3 Controls for the plots

A variety of controls are provided to facilitate use of the plot windows. Menu controls
are available via the "Plots — Main Plot Display Options" and the "Plots — Thumbnail
Plot Display Options™ menus. These menus allow users to show or hide graphical
windows, window labels, and flow recommendations in the plots and to prevent labels
from overwriting. Tool buttons include pointer and zoom, located to the left of the
upper plot window, and All, WY, +/- Y, and +/- S, which are located below the upper
plot window (Figure 2.22). The main interface of HEC-RPT (Figure 1) has an upper
and lower plot window. The user determines which of these windows displays the
Main Plot and which displays the Thumbnail Plot by toggling via the "Plots — Toggle"
menu option or by pressing the CTRL-T keys.
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The pointer tool (identified as an arrow) is used to access right click menus associated
with the upper and lower plots and to simply serve as a mouse controlled pointer. The
zoom tool (identified as a magnifying glass) is used to zoom in and out of the plot in the
upper plot window. To zoom in, click on the plot and hold down the left mouse button.

Pointer - Right-click menus for plot options !

il -
@ Zoom - Pan in and out of the plot

+1 | | Upper Band - Draw flow range above trace

L4 | | Lower Band - Draw flow range below trace
&,000

Winter Flood - Wet

6,000 |
1 | i)

Flow [cfs)

All - Snaps to maximum extents  <«—

—» WY -Snaps to a single water year

> +/-Y - Time shifts the plot window by one year +—

—> +/- S - Time shifts the plot to the closest water year of the selected state <+—
Figure 2.22 Button controls for navigating plots.

Move the mouse to draw a box. When the box covers the plot area of interest, release
the mouse button. The plot window will change to show the area of interest. To zoom
out, right click on the plot. Behaviors for the upper and lower banding buttons are
described in the “Banding” Section of this manual.

The All, WY, +/-Y, and +/-S buttons are controls for the Main Plot regardless of which
plot window (upper or lower) itis in. If All is pressed, the main plot zooms out to its
maximum extents. If WY is pressed, the main plot snaps to a view for a single water
year. If more than one year is being viewed, when WY is pressed, then the plot snaps to
the first water year of that view. If less than a full year is being viewed, then the plot
snaps to the full water year. The +/-Y buttons advance/reverse the plot window by one
water year. The +/-S buttons plot the next/previous water year of the state that is active
in the state dropdown list in the upper left of the interface (this button is functional only
when state is defined by name and year).
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2.7.4

2.7.5

2.7.6

Spin-off plots

There is an option to "spin-off" copies of plots into separate, stand-alone windows.
This option was added to enable different hydrologic plots to be maintained while the
user creates new views using the plot windows embedded in the HEC-RPT interface.
To spin-off a plot, use the pointer tool, right click on a plot, and select the "Open in
New Window" menu option. Plots that are spun-off may be saved in a number of
formats (e.g., .jpg and .ps) for easy import to presentations and documents.

Color management

Colors are assigned to new time series on a first come - first serve basis using a standard
set of eight colors. When all eight colors are used, the color sequence simply begins
again and repeats indefinitely. Each state is assigned a color, which applies to its flow
recommendations, graphical windows, and window labels for all systems in the project.
Also, all instances of a single referenced time series use the same color. If the color of
one of these instances or one state trace is changed by the user, then that change is
applied to all instances or all traces for that state throughout the project.

The only exception to this rule is for the “One state for all systems” thumbnail plot. In
this plot, visual differences between the systems are enhanced by assigning different
colors to each system-state series. Color changes in this plot will not affect other plots
and, conversely, color changes in other plots will not affect this thumbnail.

To change colors, use the pointer tool and move the pointer over the target time series
in the plot. Right click and select "Edit Properties”. Color, as well as line style, fill, and
line symbols, can be changed.

XY Markers

Markers can be added to the main and thumbnail plots by right clicking on the plot
window and selecting "Add/Edit Markers". An editor will appear that offers menu
options to add new, duplicate, or delete a marker. For the main plot, markers are
associated with a system and a state (or all states — as shown in Figure 2.23). For the
thumbnail, markers are associated with individual predefined plot types (or all plots).

Markers can be applied to the plots iteratively by clicking on the Apply button or by
clicking the OK button to apply the marker and close the editor. Markers can be used to
delineate key times of the year, flow thresholds, or any other aspect of the plot window
that might be of importance. Markers consist of lines, shading, and labels, all of which
are controlled through the Add/Edit Markers editor. In Figure 2.23, the main plot
shows three separate markers (Max Hydropower, Max Channel Capacity, and Peak
Hurricane Season).
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2.8
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Figure 2.23 XY Marker editor and use.

Volume Tracking

Volume tracking allows users to compare the volumes of water that would be required
to meet a set of flow recommendations with the corresponding volumes of water
associated with an imported time series. Only one imported time series can be selected
for use in volume tracking per system. Flows are summed day-by-day and state-by-
state for the period of record common to both the flow recommendations and the
imported time series. Total flows for the state-based recommendations are then divided
by the corresponding total flows of the imported time series and multiplied by 100 to
compute a percent volume for each state, which is then reported in the state legend
(Figure 2.24).

Those percent volumes are computed based on the trace of each flow recommendation.
Additional percent volumes based on the upper and lower bands of each flow
recommendation are tabulated in the volume report accessed through the “Reports —
Volume” menu option and as described in the “Reporting” section of this manual.

Volume tracking can be activated by selecting the “Project — Volume Tracking —
Active” menu option. A time series can be designated for use in volume tracking
through the “Project — Volume Tracking — Settings” menu option or by right clicking
on that time series in the Data List and selecting the “Use for Volume Tracking” menu
option. Time series designated for use are identified with an asterisk in the Data List.
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2.9

Meandering River Demo - HEC-RPT
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Figure 2.24 Volume Tracking for the Unified System. Percent volumes are reported in the State
Legend. “Flow-Nat” selected as imported time series to be used in computations.

Reporting

HEC-RPT generates summaries of systems, states, and flow components that can be
saved as text files. Reports can be generated for individual systems or for the whole
project via the "Reports™ menu (Figure 2.25). Volume tracking reports are also offered.
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Figure 2.25 Excerpt of the System report for the Gravelly Riffles System. Text
versions of report are available via the "Report — Save As" menu.
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2.10 Data Management

Each project (.eco) has a companion DSS file named "Project (name) — ECO.dss" that is
created by the software. Time series imported to the project are copied into this project
DSS file and the location identifiers for that data are redirected from the source DSS
files to the project DSS file. Creation of this project DSS file makes projects portable
because all information for a project is thereby contained in "Project.eco” and its
companion "Project — ECO.dss". To relocate or package a copy of the HEC-RPT
project, simply move or duplicate those two files.

Flow recommendations can be exported to DSS (as time series of average daily flows)
via the "Project — Export Recommendations to DSS™ menu option. Recommendations
are exported for the following combinations:

[/system/state/flow//1day/flow component/
/system/all states/flow//1day/flow component/
[/system/state/flow//1day/all flow components/
/system/all states/flow//1day/all flow components/

By exporting the whole recommendation (all states — all components) and each of the
parts, HEC-RPT sets the stage for future modeling and trade-off analyses that
investigate the feasibility of implementing all or part of the flow recommendations
(Figures 2.26 and 2.27).

ZyZed Flots  Reports  Help

Define Water Year.., Export Recommendations to DSS @

Define/Edit States...

System , Laokin: |5 HEC-RPT v F2EE
Flow »
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Linits ’ \_ﬁ Ml Meandering River Demo - ECO.dss

Export Recommendations ko DSS My Recent

Set Decimal Places... ¥ Dacumnents
= File narne: Export of Dema Recommendations [ Export Recommendations ta D35 ’\J
& % !
Desktop Files of type: | pss (*.dss) v [ Cancel ]

Figure 2.26 Menu option and interface for exporting flow recommendations to DSS.

2.11 Importers for Systems and Flow Components

Importers are provided which allow 1) systems to be imported to an open project from a
source project and 2) flow components to be shared among the different systems and
states of a single project.
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Figure 2.27 Catalog of data exported for the Unified System.

2.11.1 Importing systems

The system importer is accessed via the "Project — System — Import” menu (Figure
2.28). When activated, the user can specify the source project by clicking on the open
button in the upper right corner of the Import System window. When a source project is
opened, all systems in that project will appear in the right hand data panel. To import,
highlight the system(s) to transfer, click the Import button, and then click the Apply or
OK button. The Undo button will reverse any unapplied transfers.
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< Impork All
Sek Decimal Places.. »
bt w

Figure 2.28 Menu option and interface for importing systems.
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2.11.2  Sharing flow components

The flow component importer is accessed via the "Project — Flow — Import™ menu
(Figure 2.29). When activated, the user can transfer flow components between different
systems and states. Individual components or sets of components defined for a system
and state can be transferred. Transfers are made by highlighting the destination in the
left hand data window and the source (or component to be transferred) in the right hand
data window, clicking the Add button, and then by clicking the Apply or OK button.
Transfers can be made from state to state or from component to state. The Undo button
will reverse any unapplied transfers.
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Figure 2.29 Menu option and interface for importing flow components.
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CHAPTER 3

Details about the Demonstration Project

The demonstration project contains flow recommendations and hydrologic data for the
fictional Meandering River. The project has three systems (Gravelly Riffles, Oxbow
Flats, and Unified) and three states for each method of defining state (wet, average, and
dry for "define state by name and year" and wet, normal, and dry for "define state by
scripting with time series™). "Normal™ was used to reflect use of the different “define
state” methods and is analogous to average. Flow components are identical for the

parallel system-state combinations (Figure 3.1).
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Figure 3.1 Project architecture for "Meandering River Demo.eco".
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The demonstration project and three supporting files (Table 3.1) are installed to a user
specified directory via the software’s “Help — Install Demonstration Project...” menu
option. To use the “define by scripting with time series” method for defining states,
users will need to update a DSS file location in the script from "C:\HEC Data\HEC-
RPT\" to the install location chosen for the demonstration project (see script line 14 in
the project file “Meandering River Demo.eco”). The DSS file referenced should remain
“Meandering River Data.dss”.

Table 3.1 File names and descriptions for the demonstration project.
File Description

Meandering River Demo.eco Project file. Contains all interface settings
and information entered for the
demonstration project.
Meandering River Demo — Project companion DSS file. This file was
ECO.dss automatically created by the software when
the demo project was saved. DSS data
referenced in the project are copied from
their source DSS file into this project
archive.
Meandering River Data.dss DSS data file for the Meandering River.
Contains time series data for the damsite
and downstream points of interest. This file
also contains data required to run the script
used in the project’s “define by scripting
with time series” method for defining states.
Export of Demo Export of project flow recommendations.
Recommendations.dss File contains recommendation time series
for all systems in the project based on the
“define state by name and year method”.
This file was generated by the export to
DSS software function described in the Data
Management portion of this manual.

After HEC-RPT is installed, open "Meandering River Demo.eco" and test some of the
features described in this manual. This may seem like an overly short introduction to
the demonstration project, but remember HEC-RPT is primarily a visualization tool. It
is not intended to perform detailed quantitative analyses. Users should see the plot
windows automatically respond to changes made to things like flow components, XY
markers, and predefined plot selection, which makes HEC-RPT easy to experiment with
and to learn. Enjoy!
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CHAPTER 4

Terms and Conditions for Use

Use of the program is governed by the terms and conditions for use. They limit what can be done with
the program software, waive warranty, limit liability, and indemnify the developers and the United States
government. The program cannot be used unless the terms and conditions for use are accepted; the full
text is given below.

Terms and Conditions for Use

The United States Government, US Army Corps of Engineers, Hydrologic Engineering Center ("HEC")
grants to the user the rights to install the Regime Prescription Tool (HEC-RPT) "the Software" (either
from a disk copy obtained from HEC, a distributor or another user or by downloading it from a network)
and to use, copy and/or distribute copies of the Software to other users, subject to the following Terms
and Conditions for Use:

All copies of the Software received or reproduced by or for user pursuant to the authority of this Terms
and Conditions for Use will be and remain the property of HEC.

User may reproduce and distribute the Software provided that the recipient agrees to the Terms and
Conditions for Use noted herein.

HEC is solely responsible for the content of the Software. The Software may not be modified, abridged,
decompiled, disassembled, un-obfuscated or reverse engineered. The user is solely responsible for the
content, interactions, and effects of any and all amendments, if present, whether they be extension
modules, language resource bundles, scripts or any other amendment.

The name "HEC-RPT" must not be used to endorse or promote products derived from the Software.
Products derived from the Software may not be called "HEC-RPT" nor may any part of the "HEC-RPT"
name appear within the name of derived products.

No part of this Terms and Conditions for Use may be modified, deleted or obliterated from the Software.

No part of the Software may be exported or re-exported in contravention of U.S. export laws or
regulations.

Waiver of Warranty

THE UNITED STATES GOVERNMENT AND ITS AGENCIES, OFFICIALS, REPRESENTATIVES,
AND EMPLOYEES, INCLUDING ITS CONTRACTORS AND SUPPLIERS PROVIDE HEC-RPT
\"AS IS\" WITHOUT ANY WARRANTY OR CONDITION, EXPRESS, IMPLIED OR STATUTORY,
AND SPECIFICALLY DISCLAIM ANY IMPLIED WARRANTIES OF TITLE,
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND NON-INFRINGEMENT.
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Depending on state law, the foregoing disclaimer may not apply to you, and you may also have other
legal rights that vary from state to state.

Limitation of Liability

IN NO EVENT SHALL THE UNITED STATES GOVERNMENT AND ITS AGENCIES, OFFICIALS,
REPRESENTATIVES, AND EMPLOYEES, INCLUDING ITS CONTRACTORS AND SUPPLIERS,
BE LIABLE FOR LOST PROFITS OR ANY SPECIAL, INCIDENTAL OR CONSEQUENTIAL
DAMAGES ARISING OUT OF OR IN CONNECTION WITH USE OF HEC-EFM REGARDLESS OF
CAUSE, INCLUDING NEGLIGENCE.

THE UNITED STATES GOVERNMENT’S LIABILITY, AND THE LIABILITY OF ITS AGENCIES,
OFFICIALS, REPRESENTATIVES, AND EMPLOYEES, INCLUDING ITS CONTRACTORS AND
SUPPLIERS, TO YOU OR ANY THIRD PARTIES IN ANY CIRCUMSTANCE IS LIMITED TO THE
REPLACEMENT OF CERTIFIED COPIES OF HEC-RPT WITH IDENTIFIED ERRORS
CORRECTED. Depending on state law, the above limitation or exclusion may not apply to you.

Indemnity

As a voluntary user of HEC-RPT you agree to indemnify and hold the United States Government, and its
agencies, officials, representatives, and employees, including its contractors and suppliers, harmless from
any claim or demand, including reasonable attorneys' fees, made by any third party due to or arising out

of your use of HEC-RPT or breach of this Agreement or your violation of any law or the rights of a third

party.
Assent
By using this program you voluntarily accept these terms and conditions. If you do not agree to these

terms and conditions, uninstall the program and return any program materials to HEC (If you downloaded
the program and do not have disk media, please delete all copies, and cease using the program.)
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