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Foreword

Developments in Geographic Information System (GIS) tools for hydrologic
and hydraulic modeling at the Hydrologic Engineering Center (HEC) resulted
from many years of interest in geospatial data usage. The earliest work was in
the mid 1970's when HEC developed software based on the concepts
developed in the Harvard University's School of Landscape Architecture,
Honey Hill Project. That early work culminated with the development of the
Spatial Analysis Methodology (HEC-SAM), which included a grid-cell data
bank and analysis software for hydrologic and flood damage calculations. That
early work had the same concepts as those of today, but the limitations in the
computer hardware, GIS software, and data availability made widespread
engineering applications difficult.

The current development builds on those early experiences and takes the
technology to several practical engineering products including the Hydrologic
Engineering Center's Geospatial Hydrologic Modeling (HEC-GeoHMS)
extension. HEC resurrected its earlier efforts by reviewing current GIS
capabilities in association with Professor David Maidment from the University
of Texas. HEC and Dr. Maidment formulated a watershed data structure that
would link GIS and hydrologic models. From that time, the definition and
content of the GIS and hydrologic data structures evolved into a hydrologic
GIS preprocessor, PrePro. Taking advantage of the wealth of terrain and
geographic data readily available over the Internet and from government
agencies, PrePro delineates streams and watersheds and builds the hydrologic
model structure for HEC-HMS. PrePro was the predecessor to HEC-GeoHMS.

The development of PrePro at the University of Texas was partially supported
by HEC via the Corps' Civil Works R&D program. The effort also received
substantial support from the Texas Department of Transportation as well as
support from other national and international agencies. Dr. Maidment, Dr.
Olivera, and others at the Center for Research in Water Resources provided
valuable assistance for the development of HEC-GeoHMS.

HEC-GeoHMS Version 1.0 was developed to use readily available digital
geospatial information to construct hydrologic models more expediently than
using manual methods. Also, development of basic watershed information will
aid the user in estimating hydrologic parameters. After gaining adequate
experience with using GIS-generated parameters, users can take steps to
streamline the process of hydrologic parameter estimation.

The Wisconsin Department of Natural Resources (WDNR) and Environmental
System Research Institute's, Inc. (ESRI) contributed greatly to the development
of HEC-GeoHMS Version 1.1. WDNR developed completed HMS models
using the hydrologic parameters and topographic parameters for regional
regression analysis provided by HEC-GeoHMS Version 1. With this version,
users were able to extract more watershed characteristics from digital elevation
models (DEM) and GIS data for developing hydrologic parameters. Users
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were also able to work with DEMs in a number of coordinate systems and
projections. This version introduced tools to recondition the DEMs by
imposing a known stream network onto the terrain grid. HEC-GeoHMS
Version 1.1 also expanded its scope to develop meteorologic models and
control specifications for an HEC-HMS model. HEC-GeoHMS Version 1.1
was the terminal release of the software using ESRI's ArcView 3.x platform.

HEC-GeoHMS Versions 4.2 and 5.0 were the result of continued development
by HEC and ESRI to modernize the features and functionality of HEC-
GeoHMS Version 1.1 (for ArcView 3.x) to the ArcGIS 9.3 platform (ArcView
license). This work was accomplished through a Cooperative Research and
Development Agreement (CRADA) between HEC and ESRI and using
USACE Research and Development funding.

vi
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CHAPTER 1

Introduction

In recent years, advances in Geographic Information Systems (GIS) have
opened many opportunities for enhancing hydrologic modeling of watershed
systems. With an openness to share spatial information via the internet from
government agencies, commercial vendors, and private companies, coupled
with powerful spatial algorithms, the integration of GIS with hydrologic
modeling holds the promise of a cost-effective alternative for studying
watersheds. The ability to perform spatial analysis for the development of
lumped and distributed hydrologic parameters not only saves time and effort,
but also improves accuracy over traditional methods. In addition, hydrologic
modeling has evolved to consider radar rainfall and advanced techniques for
modeling the watershed on a grid level. Rainfall and infiltration can be
computed cell by cell providing greater detail than traditional basin average
methods. These advanced modeling techniques have become feasible because
the time-consuming data manipulations can now be generated efficiently using
spatial operations in a GIS. For example, the ability to perform spatial
overlays of information to compute basin average or grid-based parameters is
crucial for computing hydrologic parameters.

HEC-GeoHMS has been developed as a geospatial hydrology toolkit for
engineers and hydrologists with limited GIS experience. The program allows
users to visualize spatial information, document watershed characteristics,
perform spatial analysis, delineate subbasins and streams, construct inputs to
hydrologic models, and assist with report preparation. Working with HEC-
GeoHMS through its interfaces, menus, tools, buttons, and context-sensitive
online help allows the user to expediently create hydrologic inputs that can be
used directly with the Hydrologic Engineering Center's Hydrologic Modeling
System, HEC-HMS.

Chapter 1 discusses the intended use of HEC-GeoHMS and provides an
overview of this manual. Below is an outline of Chapter 1.

Contents

« Technical Capabilities

o Program Features

 Intended Application of HEC-GeoHMS
o User's Manual Overview
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Technical Capabilities

Hydrologic modeling has evolved to represent the subbasin in more detail than
the traditional approach where hydrologic parameters are averaged over large
basins. With the availability of radar rainfall and spatial data, hydrologic
modeling using smaller subbasin areas or a grid system has introduced a more
detailed representation of the basin. HEC-GeoHMS has been designed to meet
the needs of both modeling approaches.

HEC-GeoHMS creates background map files, basin model files, meteorologic
model files, and a grid cell parameter file which can be used by HEC-HMS to
develop a hydrologic model. The basin model file contains hydrologic
elements and their hydrologic connectivity. The basin model file includes
subbasin areas and other hydrologic parameters that could be estimated using
geospatial data. To assist with estimating hydrologic parameters, HEC-
GeoHMS can generate tables containing physical characteristics of streams and
watersheds. The grid cell parameter file is required in order to use the
ModClark transform method, grid-based precipitation (like radar rainfall), or
gridded loss methods.

Features in HEC-GeoHMS Version 5.0 allow the user to analyze DEMs in a
number of coordinate systems and projections, including Albers-Equal Area,
Universal Transverse Mercator (UTM), Transverse Mercator, Lambert, and the
State Plane Coordinate System. An added capability allows users to use a
more sophisticated "burning in" technique to impose the stream network onto
the terrain. This is accomplished as a gradual step-wise process to better
reproduce stream networks and watershed boundaries. With regards to
hydrologic parameter estimation, HEC-GeoHMS contains tools to assist the
user in estimating initial values of some hydrologic parameters.

Program Features

HEC-GeoHMS 5.0 is a public-domain extension for ArcGIS 9.3 (ArcView®
license) and the Spatial Analyst extension. ArcView GIS and its Spatial
Analyst extension are available from the Environmental Systems Research
Institute, Inc. (ESRI). The following program features illustrate functionality
and ease of use for HEC-GeoHMS.

Data Management

HEC-GeoHMS performs a number of administrative tasks that help the user
manage GIS data derived from the program. The data management feature
tracks GIS data layers and their names. Prior to performing a particular
operation, the data manager will offer the appropriate data inputs for operation,
and prompt the user for confirmation. Other times, the data management
feature manages the locations of various projects and also performs error
checking and detection.

1-2



HEC-GeoHMS User's Manual Chapter 1 - Introduction

Terrain Preprocessing

HEC-GeoHMS allows users to perform terrain preprocessing in either a step-
by-step fashion or batch mode. In the step-by-step process, the user often has
the opportunity to examine the outputs and make corrections to the dataset, as
appropriate. Batch processing will allow terrain preprocessing to be performed
unattended.

Basin Processing

The emphasis of the subbasin delineation, processing, and manipulation
capability is on flexibility, ease of use, and user interactivity. As the user
subdivides a basin or merges many smaller subbasins together, the results of
the operation are displayed immediately for the user’s confirmation. The
ability to perform subbasin processing interactively is powerful, because the
results are presented quickly for the user to make a modeling decision instead
of having to reprocess the data. For example, the user can obtain a stream
profile and look for significant grade breaks. If a subbasin subdivision at a
grade break is desired, the user, using the delineation tool, just clicks on the
stream at the grade break. Other tools allow the user to delineate subbasins in
a batch mode by supplying a dataset containing point locations of desired
outlets.

Hydrologic Parameter Estimation

Users can now compute the Curve Number (CN) and other loss rate parameters
based on various soil and land use databases. The curve number can represent
an average value for a subbasin or an individual cell for a grid-based subbasin.
In addition, watershed and channel characteristics together with a spreadsheet
template are linked to HEC-GeoHMS to assist the user with estimation of
initial values of time of concentration. Also, basin and channel characteristics
can be used to calculate CN Lag and simple prismatic Muskingum-Cunge
routing parameters.

HMS Model Support

HEC-GeoHMS produces a number of hydrologic inputs that are used directly
in HEC-HMS. In addition, the program supports the estimation of hydrologic
parameters by providing tables of physical characteristics for streams and
subbasins. While working with HEC-GeoHMS, the user can use other ArcGIS
extension programs to perform spatial operations and develop additional
parameters for populating the hydrologic model.
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Intended Application of HEC-GeoHMS

HEC-GeoHMS is intended to process watershed data after the initial
compilation and preparation of terrain data is completed. The assembly of GIS
data can be performed using standard GIS software packages that support ARC
Grid format. Even though this user’s manual provides some guidance and
discussions on the proper approach for assembling data, HEC-GeoHMS is not
intended as a tool for data assembly. When assembling data, it is important to
understand how to use GIS software to put data of different types and formats
into a common coordinate system. A few examples of required data include
digital elevation models (DEM), digital stream alignments, and stream gage
locations.

When the data assembly is complete, HEC-GeoHMS processes the terrain and
spatial information to generate a number of input files for an HEC-HMS
model. Itis intended that these input files provide the user with an initial
HEC-HMS model. The user can estimate hydrologic parameters from stream
and subbasin characteristics, gaged precipitation, and stream flow data. In
addition, the user has full control in HEC-HMS to modify the hydrologic
elements and their connectivity to more accurately represent field conditions.

User's Manual Overview

This manual provides detailed instructions for using HEC-GeoHMS to develop
hydrologic inputs for HEC-HMS. The manual is organized as follows:

Chapter 1 - Introduction

Chapter 2 - Instructions for Installing HEC-GeoHMS and Getting Started
Chapter 3 - Overview of the Major Steps in using HEC-GeoHMS
Chapter 4 - Data Collection

Chapter 5 - Issues Related to Data Assembly

Chapter 6 - Terrain Preprocessing

Chapter 7 - Setting up a Detailed HEC-GeoHMS Project

Chapter 8 - Basin Processing

Chapter 9 - Physical Characteristics Extracted for Streams and Subbasins
Chapter 10 - Hydrologic Parameter Estimation

Chapter 11 - Creation of Input Files for HMS

Chapter 12 - Description of Utility Tools

Chapter 13 - Example Application of HEC-GeoHMS
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Appendix A - Grid-Cell Parameter File Format
Appendix B - Grids in HEC-DSS, HRAP, and SHG Grid Systems
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CHAPTER 2

HEC-GeoHMS Installation

This chapter discusses the hardware and software requirements and installation
procedures for HEC-GeoHMS. Prior to installing this software, Microsoft
.NET framework should be installed first, and then ArcView GIS version 9.3
and the Spatial Analyst extension should be installed using their installation
guides. Below is an outline of Chapter 2.

Contents

« Hardware and Software Requirements
e Installation of HEC-GeoHMS
e Loading HEC-GeoHMS

Hardware and Software Requirements

The minimum hardware and software requirement for using HEC-GeoHMS are
similar to those of ArcView GIS. However, when working with GIS, it is
important to take into account the size of the datasets as well as the complexity
of the analysis when determining adequate computer resources. Even though
the program will still work on a slower machine, the user will often experience
long computing times. To assure that performance is not being compromised,
the following hardware recommendations should be considered with the idea
that more computer resources, in terms of central processing unit (CPU) speed,
memory, and hard drive space, could improve program performance.

Recommended Hardware Specifications
The recommended hardware specifications are as follows:

CPU Speed: 1.6 GHz recommended or higher
Memory/RAM: 1 GB minimum, 2 GB recommended or higher

Hard Drive Space: Hard drive space available should be at least twenty
times the size of the terrain data. For example, if the
terrain data takes up 50 MB, then the available hard
drive space should be about 1 GB. In many cases,
having ample hard drive space available will improve
performance because the spatial operations often
generate many temporary intermediate files and
repeatedly perform file caching.
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Installation of HEC-GeoHMS

A number of software programs are required to run HEC-GeoHMS. These
include Arc Hydro Tools and the Water Utilities Application Framework.
These will be automatically installed when HEC-GeoHMS is installed. You
should make sure to properly uninstall old versions of the software (HEC-
GeoHMS, Water Utility Applications Framework, and Arc Hydro Tools) prior
to installing a new version of HEC-GeoHMS. Removal of software previously
installed is performed through the Windows Control Panel using the Add or
Remove Programs dialog. This will ensure that all files are unregistered and
deleted properly.

The recommended procedure for uninstalling older versions is as follows:
1. Close all ArcGIS applications (ArcMap, ArcCatalog, ArcToolbox).

2. Open the Add or Remove Programs dialog from the control panel and
remove the following: Arc Hydro Tools, HEC-GeoHMS, and Water
Utilities Application Framework. Which components are uninstalled
depends on the applications you have installed. If you look in the
ESRI installation directory (usually C:\Program
Files\ESRI\WaterUtils) you will see some of the installed applications.

3. After removing the applications, check each of the directories in the
application installation directories shown in step 2. If any of the bin
directories contain a dll, first unregister the dll and then delete the file.

4. Delete ALL directories that contained the old applications.

5. Recommended — run a registry cleaning application to ensure there are
no “hanging” components left.

The recommended procedure for installing HEC-GeoHMS s as follows:

1. Insert the HEC-GeoHMS CD into your CD drive (or download the
software from our web page: www.hec.usace.army.mil).

2. The setup program should run automatically if installing from a CD.
When downloading from the web page you will need to save the setup
file in a temporary directory and then execute the
“GeoHMS5.0_Setup.exe” file to run the setup program.

3. If the setup program does not automatically run from the CD, use the
Windows Explorer to start the setup program on the CD.

4. Follow the setup instructions on the screen.

The HEC-GeoHMS version 5.0 installation packages will automatically install
the Water Utilities Application Framework, Arc Hydro Tools, and HEC-
GeoHMS version 5.0. By default, the Water Utilities Application Framework
and Arc Hydro Tools will be installed to the C:\Program
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Files\ESRI\WaterUTtils directory. HEC-GeoHMS will be installed to the
C:\Program Files\HEC\HEC-GeoHMS directory.

Loading HEC-GeoHMS

Once HEC-GeoHMS s installed, it can be loaded within an ArcMap
document. Select the Tools-> Customize menu option. In the list of toolbars
that appears, scroll down and select HEC-GeoHMS as shown in Figure 2-1.

r

Customize

Toalbars l Commands | Options |

T oolbars:

[ GealCPR Tools ~ Mew... |

[] Geocading

[ Geodatabaze History |

[] Geometric Mebwork, Editing |
|

[] Geareferencing

[] Graphics

HEC-GeoHMS

[] Impact Analyziz Toaols

[1 Labeling

[] Layout

[] LifeSim Extenzion 1.0

[1tap Cache

[T M55 Regressions 9 hd

Keyboard... Add from file... | Cloze |

Figure 2-1. Load the Arc Hydro and HEC-GeoHMS Toolbar.

Rezet...

The user can load the Spatial Analyst extension by selecting the Tools >
Extension menu item. When properly installed and loaded, the HEC-
GeoHMS toolbar should look like Figure 2-2.

File Edit “iew Bookmarks Insert Selection Tools Window Help r—
HEC-GeoHMS Toolbar
NEWES ® P NG RoP g

- T
|-Terrain Preprocessing ¥ HMS Project Setup ¥ Basin Processing ¥ Basin Characteristics ™ Hydrologic Parameters ¥ HMS * Lkiity = & to At b 2 |Reservoir hd p Help |
| L]

Figure 2-2. HEC-GeoHMS Toolbar Loaded within ArcMap.

Spatial Analyst | J
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CHAPTER 3

Working with HEC-GeoHMS — An
Overview

HEC-GeoHMS is a set of ArcGIS tools specifically designed to process
geospatial data and create input files for the Hydrologic Engineering Center's
Hydrologic Modeling System (HEC-HMS). It includes integrated data
management and a graphical user interface (GUI). Through the GUI, which
consists of menus, tools, and buttons, the user can analyze the terrain
information, delineate subbasins and streams, and prepare hydrologic inputs.

The relationship between GIS, HEC-GeoHMS, and HEC-HMS is illustrated in
Figure 3-1, with the vertical dashed line separating the roles of GIS and
watershed hydrology. HEC-GeoHMS provides the connection for translating
GIS spatial information into model files for HEC-HMS. The GIS capability is
used for data formatting, processing, and coordinate transformation. The end
result of the GIS processing is a spatial hydrology database that consists of the
digital elevation model (DEM), soil types, land use information, rainfall, etc.

Overview

GIS : Watershed Hydrology
I
Raw GIS Data : Grid Format
(ArcInfo : SHG & HRAP
= ; =+ | ‘
" ,
E ' Gridded
E : Hydrologic
E ! ’ [ [ [Data | || -
HEC-
¥ m
GIS = | GeoHMS |==>-| HMS Inputs ||*
=

Radar
Ranfall
1

Preprocessed (ArcView) HEC-HMS
Spatial Hydrolo ] %
Database DEM, RF1 : Watershed &
HUC ;
N sTATSGO | RlVBI'. .
Land Use | Characteristics
|
|

Figure 3-1. Overview of GIS and Hydrology Programs.
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Currently, HEC-GeoHMS operates on the DEM to derive subbasin delineation
and to prepare a number of hydrologic inputs. HEC-HMS accepts these
hydrologic inputs as a starting point for hydrologic modeling. The following
steps describe the major steps in starting a project and taking it through the
HEC-GeoHMS process.

Contents

« Data Collection

o Data Assembly

o Terrain Preprocessing

e HMS Project Setup

« Basin Processing

o Stream and Watershed Characteristics
« Hydrologic Parameters

e HMS Model Files

Data Collection

With the volume of spatial data available, it is important to identify the data
that will meet project needs. Spatial data comes in many formats, resolutions,
intended uses, quality, and prices. Prior to collecting data, the project
specifications should be thoroughly reviewed for any recommendations. When
a project does not specify a particular dataset, review the project's goals and
objectives to help define acceptable data in terms of data storage, resolution,
and accuracy. In addition, economic factors should be considered to determine
the cost effectiveness in collecting and assembling the data or purchasing the
data from a vendor. Whether the data are collected or purchased, metadata
must also be acquired to provide necessary documentation. Data collection is
discussed in greater detail in Chapter 4.

Data Assembly

Data assembly often requires efforts of an experienced GIS user. Because GIS
data have many forms and formats, users often need to convert the data into a
common format and then into a common coordinate system. For example, data
describing the terrain should be in ESRI's ARC Grid format while vector data,
such as stream alignments and stream flow gage locations, should be in the
shapefile format. By having a common coordinate system, these datasets can
be overlaid and spatial operations can be performed. A list of coordinate
systems compatible with HEC-GeoHMS is contained in Chapter 5. Often
times, datasets are provided in rectangular portions. When assembling data,
especially terrain, special efforts are required to ensure that data are continuous
along the edges. Terrain data assembly is discussed in Chapter 5.
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Terrain Preprocessing

Using the terrain data as input, terrain preprocessing is a series of steps to
derive the drainage network. The steps consist of computing the flow
direction, flow accumulation, stream definition, and watershed delineation.
These steps can be done step by step or in a batch manner. Once these datasets
are developed, they are used in later steps for subbasin and stream delineation.
It is important to recognize that the watershed and stream delineation in the
terrain preprocessing steps is preliminary. Tools are available on the basin
processing menu that give the user the capability to delineate and edit basins in
accordance with project specifications.

HMS Project Setup

The HMS Project Setup menu is used to define a study area that will be used to
develop the input files for an HEC-HMS project. The user can define an outlet
and HEC-GeoHMS will copy all the terrain prepossessing data for the area
upstream of the outlet location. Then the user can use tools on the Basin
Processing menu to modify the subbasin and stream network, subdivide and
merge, to meet the study objectives. Multiple outlets and HMS projects can be
defined in the same HEC-GeoHMS project. This would save the user from
having to run the terrain preprocessing tools for multiple studies.

Basin Processing

In this step, the user is provided with a variety of interactive and batch-mode
tools to delineate subbasins. In the interactive mode, the tools allow the user to
see the delineation results, assess outcomes, and accept or deny the resulting
delineation. When the user performs interactive basin processing, the program
will prompt the user to confirm the results. In the batch mode, the user can
supply the outlet locations and the program will delineate subbasins at those
locations, but without interaction to view and revise.

Stream and Watershed Characteristics

When the stream and subbasin delineation has been finalized, the user can
extract physical characteristics. Physical characteristics for a stream include
the length, upstream and downstream elevations, and slope. This information
is extracted from the terrain data and stored in attribute tables. Similarly,
physical characteristics for a subbasin, such as longest flow lengths, centroidal
flow lengths, and slopes, are extracted from terrain data and stored in the
attribute tables. These physical characteristic could be exported and used
externally to estimate hydrologic parameters.
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Hydrologic Parameters

In addition to extracting physical characteristics, the user has the option to
estimate initial values of various hydrologic parameters. Hydrologic
parameters, such as the curve number and percent impervious area, can be
extracted as basin average and grid-based quantities from soil and land use
data. Other hydrologic parameters, such as time of concentration, are
computed from various datasets that include terrain and precipitation data.

HEC-HMS Model Files

HEC-GeoHMS produces a number of files that can be used directly by HEC-
HMS. These files include background shape files, the basin model file, the
meteorologic model file, and a project file. When the HEC-GeoHMS
generated files are brought into an HEC-HMS project, the user has a partially
completed HEC-HMS model. To complete the model, hydrologic parameters
need to be estimated and entered into the basin model using HEC-HMS. In
addition, the user can add or remove hydrologic elements and their
connectivity to reflect difficult modeling areas. Finally, the user needs to
develop a meteorologic model to represent the precipitation and a control
specifications to define the simulation time window. When these three model
components are completed, the user can compute a simulation run and calibrate
the hydrologic model.
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CHAPTER 4

Data Collection

The purpose of this chapter is to illustrate some of the ways spatial datasets are
used in hydrology. By understanding how the datasets are utilized, the user
can focus adequate time, effort, and attention on the appropriate dataset. When
collecting data, the user can assess the quality of the data and its metadata to
insure that they meet project specifications. This chapter also provides a list of
data types, descriptions, and possible sources as a starting point for collecting
data. Below is an outline of Chapter 4.

Contents

o Data Usage
« Data Types, Descriptions, and Sources

Data Usage

Spatial data are collected and used in a variety of ways. Understanding how
data are used provides many important guidelines in data collection. When the
data are intended as input in the program, they should be collected with
attention given to accuracy, resolution, validity of data source, and quality of
documentation. Oftentimes when the best available data are not adequate, the
appropriate course of action will be to develop data that meets project
specifications instead of putting efforts in correcting "bad™ data. Terrain data
is critical because HEC-GeoHMS uses it to determine drainage paths and
physical characteristics. Other data often serve many useful roles, such as
reference information, documentation, and visualization.

Reference data depicting known stream alignments, stream flow gage
locations, and drainage boundaries are very helpful for comparing and
validating the GIS delineated streams and subbasins. GIS data can be collected
and used with existing spatial data to document field conditions. For example,
drainage structures, as shown in Figure 4-1, and other field conditions can be
photographed and geographically located to more effectively document these
facilities and show their spatial relationships. GIS data can be used to visualize
multiple datasets. For example, aerial images can be overlaid with subbasin
boundaries to see land use patterns and variability.
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Data Types, Descriptions, and Sources

The amount of GIS data available through government institutions and data
vendors has grown greatly over the years. Some of these data are available for
free while others are provided for a fee. Table 4-1 provides a starting point for
collecting and searching for GIS data. The list provides brief descriptions of
the data used in hydrology and their sources. Additional information on the
datasets can generally be found at the respective institution’s web site.
Although terrain data is the minimum data requirement to run HEC-GeoHMS,
the other datasets contains important information for constructing the
hydrologic model. Metadata must also be collected for documentation. At a
minimum, the metadata should include the data source and projections
information.

Table 4-1. Data Types, Descriptions, and Sources.

Digital Elevation Model (DEM)

DEMs are typically generated from USGS maps and are available for multiple resolutions.
DEM data can be gathered from the USGS National Elevation Dataset (NED) program.
Other sources like Light Detection And Ranging (LIDAR) and Interferometric Synthetic
Aperture Radar (IFSAR) can also be used. Thirty and 10 meter DEMs are generally used
for modeling the terrain because of widespread availability.

Source
http://ned.usgs.gov/www.usgs.gov

Hydrologic Unit Code (HUC)

The HUC contains the major watershed boundaries as published by the USGS. The HUC
shows watershed boundaries at 4 levels of detail ranging from local to regional drainage
area.

Source

http://www.epa.gov/waterscience/ftp/basins/gis_data/huc/
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http://nhd.usgs.gov/

Digital Line Graph (DLG)

In addition to a line representation of transportation data, such as streets and railroads, DLGs
include water features, such as stream networks and irrigation ditches. DLGs are
maintained by the United States Geological Survey (USGS).

Source
http://nhd.usgs.gov/

Stream Networks

Stream networks are maintained by the Environmental Protection Agency (EPA). Many
versions of stream networks are available as the River Reach File (RF1).

Source
WWW.epa.com

Streamflow Gage Data

Although stream flow gage data are natively non-spatial, the latitude and longitude
coordinates of the gage are provided most of time. The stream flow gage locations can be
converted into a GIS dataset by using the coordinate information. The majority of stream
flow gages are maintained by the USGS, state governments, and flood control districts.

Source
WWW.USQS.gov

Digital Orthophoto Quarter Quads (DOQQ)

Digital aerial photos are available at various resolutions and can be used as a background
base map.

Source
Various governmental authorities and commercial vendors.

Drainage Facilities Photographs

Photographs can be taken of key drainage structures. The photographs often include the
areas looking upstream and downstream of the structures as well as the faces of the
structures.

Source
Field observations conducted by the modelers.

Street Data
Street level data that is provided by the US Census Bureau often needs format conversion

before it can be accessed though GIS software. A number of data vendors have performed
the format conversion as well as other value-added improvements.

Source
United States Census Bureau and commercial vendors.

Soil Types Data

The Soil Surveys Geographic Database (SSURGO) contains soil data at the county level and
the State Soil Geographic Database (STATSGO) contains soil data at the state level.
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Source
http://soils.usda.gov/survey/geography/

Land Use/Land Cover

The USGS Land Use Land Cover (LULC) provides good coverage but may be dated. State
GIS websites can also be a source of land use data.

Source
http://edc.usgs.gov

USGS National Hydrography Dataset (NHD)

The NHD contains published streams and subbasin boundaries which are useful for
verifying delineations from HEC-GeoHMS.

Source
http://nhd.usgs.gov/

4-4


http://edc.usgs.gov/�

HEC-GeoHMS User's Manual Chapter 5 - Data Assembly

CHAPTER 5

Data Assembly

The assembly of GIS datasets often requires conversion of file formats and
coordinate systems, as well as geographical referencing of non-spatial datasets.
In addition to file formatting, data assembly often requires a number of map
related transformations to ensure that vector and raster data are in proper
alignment and map distortions are minimized. All data layers should have the
same datum, projection, and common coordinate system in order to perform
spatial analysis.

When data are assembled with GIS software, the user should be aware of the
distinctions between various spatial operations. For example, when the user
joins various sized terrain tiles into a continuous terrain model, the Arclinfo
grid "merge" and/or "mosaic” commands produce different results. The
"merge"” command will overwrite overlapping areas along the edges with the
data that is merged last. However, the "mosaic” command will perform
smoothing of data values along the overlapping areas. Recognizing the
different approaches for combining terrain is crucial to prevent abrupt changes
in elevation along the edges of terrain tiles that could affect drainage path
determination. Other data assembly issues include combining various datasets
of different resolution, filling data gaps as shown in Figure 5-1, and data re-
sampling techniques. Below is an outline of Chapter 5.

Contents

o Terrain Data Assembly
o Data Issues
« Hydrologic Coordinate System Specifications
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Figure 5-1. DEM Model with Data Gaps.

Terrain Data Assembly

The growth and availability of seamless terrain data in recent years has
provided users with better quality data and minimized the need to manually
assemble terrain datasets from small tiles of data. Also, the seamless data has
been edge-matched and contains the same coordinate system, datum, and units.
However, in some cases where manual assembly of terrain data is required, the
user should be aware of many important issues related to the data age, units,
coordinate system, datum, etc. Ultimately, the quality of the results depends
heavily on the terrain data. Traditionally, continuous terrain data was
assembled manually from joining tiles of terrain information as shown in
Figure 5-2. Then, data gaps were filled in with interpolated elevation values
from neighboring grid cells to make a continuous DEM model as shown in
Figure 5-3. The HEC-GeoDozer toolbar (available from HEC’s webpage)
contains tools for identifying and filling in grid cells with missing data.
However, when terrain data were assembled in this manner, they often
contained errors and areas that were problematic for computing drainage
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patterns from a hydrologic standpoint. Often, terrain data undergoes extensive
editing to correct problematic areas. Automated routines are available to fill
depressions in the DEM. The "depressionless” DEM may still not have
streams located properly when compared to other map and photo resources.
Extensive editing is usually required to create a hydrologically corrected or
conditioned DEM. The availability of seamless DEM data from the USGS has
dramatically saved time and effort in building quality terrain data; however,
there are still many issues surrounding terrain data assembly as discussed

below.
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Figure 5-3. Continuous DEM.

Hydrologically Corrected Terrain Model

The preparation of "hydrologically corrected™ terrain data often requires much
iteration through drainage path computations. To represent the movement of
water through the watershed, the "hydrologically corrected” DEM must have
the proper accuracy and resolution to capture details of the stream network.
The problems often arise when the watershed has low relief and the resolution
is not fine enough to delineate the stream network.

The DEM contains elevation averages at regular intervals that may not
accurately represent stream locations and watershed boundaries. For example,
stream and watershed delineation sometimes does not coincide with published
data sources, like those from the USGS National Hydrography Dataset. A
"hydrologically corrected" terrain model must represent accurate stream
patterns across the DEM. Many factors, such as cell resolution, accuracy, and
topographic relief deserve careful consideration because they often affect the
quality of the terrain model. In theory, combining GIS datasets of different
resolutions is generally not recommended because of the difficulty in assessing
the accuracy and the precision of the resulting dataset. In practice, however,
combining datasets of various resolutions is necessary due to lack of uniform
data and data coverage.
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Depressionless Terrain Model

In contrast to the effort required for the "hydrologically corrected” DEM, the
"depressionless” DEM is simply constructed using automated algorithms to fill
in the sinks or depressions in the assembled DEM. In a depressionless DEM,
water moves across the terrain model towards the edge. A depressionless
DEM does not address closed basins or substantial non-contributing areas.
Because of the complexity and effort required for constructing a hydrologically
corrected terrain model, a depressionless terrain model often serves as a
simpler substitute in the analysis. For study regions with moderate to high
topographic relief, the depressionless terrain model may be adequate for the
analysis. For low-relief regions, however, the depressionless terrain model
often needs additional work to adequately represent the terrain. For example, a
watershed with flat terrain often requires editing to force proper drainage.

Data Issues

Table 5-1 contains a number of issues that might be encountered when
assembling terrain data and possible solutions to those problems.

Table 5-1. Data Issues.

Data Issues Descriptions and Potential Solutions
1. Low-relief terrain With low-relief terrain, it is often difficult to delineate
reliable drainage paths from relative average elevations.
Finer resolution terrain data should be considered for the
flat region if it is available. However, finer resolution
data has its tradeoffs with increased storage and longer
computation times. Other possible approaches include
imposing the published stream alignment onto the
terrain.

2. Man-made structures Man-made structures like dams often alter the flow
direction because the water surface prevents the
mapping of the reservoir bottom. In addition, when the
terrain data is filled, the terrain is represented as a flat
surface behind the dam. A potential way to deal with
this situation would be to put an artificial notch at the
dam and carve a stream onto the terrain.

3. Missing elevation data Missing elevation data often exist along the edges and
can be filled with interpolated values from neighboring
elevations. Bad elevation data due to re-sampling
effects and other causes can be fixed with spot elevation
editing on a cell by cell basis or by region.

4. Subsidence and impacts | The ground surface may subside due to overdraft of
groundwater. Recognizing when the terrain data were
developed, the terrain data should be checked for
subsidence.

5. Subsurface flow Volcanic soils, limestone formations, and canals/tunnels
lead to drainage patterns that the terrain cannot
reproduce. These difficult features must be handled in
HEC-GeoHMS by delineating the subbasin downstream
of the feature to avoid the problem areas or by
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modifying the terrain to impose the correct drainage
patterns.

Hydrologic Coordinate System Specifications

Transforming spatial data into a common coordinate system ensures proper
alignment of various datasets for spatial analysis. Coordinate system
transformation often leads to map distortions of direction, distance, shape, and
area. From a hydrologic perspective, where the terrain and precipitation are
important, a suitable coordinate system should preserve area. One possible
coordinate system is the Albers Equal Area projection, which preserves area.
This coordinate system is defined in Table 5-2.

The user is allowed to analyze terrain data in a number of coordinate systems
and projections, including Albers Equal Area, Universal Transverse Mercator
(UTM), Transverse Mercator, Lambert, and the State Plane Coordinate System.
The user should always verify the terrain data has been projected into a
compatible projection before using HEC-GeoHMS.

Table 5-2. Standard Hydrologic Grid Coordinate System.

Projection: Albers Equal-Area

Spheroid: GRS80

Datum: North American Datum, 1983 (NAD83)
Central Meridian: 96 degrees 0 minutes 0 seconds West
Latitude of Origin: 23 degrees 0 minutes 0 seconds North
1st Standard Parallel: 29 degrees 30 minutes 0 seconds North
2nd Standard Parallel: 45 degrees 30 minutes 0 seconds North
False Easting: 0.0

False Northing: 0.0

Units: Meters




HEC-GeoHMS User's Manual Chapter 6 - Terrain Preprocessing

CHAPTER 6

Terrain Preprocessing

Terrain preprocessing marks the first step in developing an HEC-GeoHMS
project. In this step, a terrain model is used as an input to derive eight additional
datasets that collectively describe the drainage pattern of the watershed and
allows for stream and subbasin delineation. The first five datasets are grid layers
that represent the flow direction, flow accumulation, stream network, stream
segmentation, and watershed delineation. The next two datasets are vector layers
of the watersheds and streams. The last dataset, the aggregated watersheds, is
used primarily to improve the performance in watershed delineation.

The terrain data is processed and analyzed using the eight-pour point approach
to determine flow paths. This approach uses the steepest slope to define the
direction that water flows from one grid cell to one of its eight neighbors.
Terrain analysis is computer intensive and some steps may require several
hours, depending on the amount of data and computer resources. After terrain
preprocessing is completed, the resulting datasets serve as a spatial database
for the study. With the information centralized in the spatial database,
pertinent datasets can be extracted for subsequent work to build the hydrologic
models. Preliminary watershed and stream delineation provides results that can
be verified with published information to detect possible errors in the terrain
data. If errors are detected, the DEM should be edited. The HEC-GeoDozer
toolbar contains a number of tools for modifying the terrain data. The HEC-
GeoDozer toolbar and documentation can be downloaded from the HEC-
GeoHMS website. When the DEM has been revised to better represent field
conditions, it should be processed again to update the spatial database.

This chapter will discuss terrain preprocessing features and functionality.
Below is an outline of Chapter 6.

Contents

« Features and Functionality
. Data Management

« Terrain Reconditioning

« Terrain Preprocessing
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Features and Functionality

The Terrain Preprocessing menu is shown in Figure 6-1. The menu is designed
for the user to start at the top and work down to develop initial stream and
subbasin delineations. The DEM Reconditioning and Build Walls tools are
optional and can be used to edit the terrain data using existing stream and
subbasin boundaries. Once terrain processing is complete, the data can be
extracted to support hydrologic model creation via the HMS Model Setup
menu.

Terrain Preprocessing ™
Data Managemenk
CEM Reconditioning
Build Walls
Fill Sinks
Flow Direction
Flow Accumulation
Skream Definition

Skream Segmentation
Caktchment Grid Delineation

Cakchment Paolygon Processing
Drainage Line Processing

ddjoint Catchment Processing

Figure 6-1. HEC-GeoHMS Terrain Preprocessing Menu.

Data Management

Data that are introduced or derived by HEC-GeoHMS are managed through
role association. For example, when the DEM is added to the ArcMap
document, HEC-GeoHMS will associate it with "RawDEM", which is the
original DEM. When the Fill tool is used, the program will automatically offer
the RawDEM as the default for creating a depressionless DEM. Aside from
associating datasets with their intended roles as they are created, data
management allows the user the ability to bring in other datasets and assign a
role to them. For example, if the user has developed the flow direction and
accumulation grid in another program, they can bring these data in as layers
and assign their roles. This is a good way to keep track of data as they are
generated. Figure 6-2 shows the data management of layers on the left-hand
side and the assigned layers on the right-hand side. The "Null" entry for the
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assigned layer indicates that the appropriate layer has not been created and
assigned. When the appropriate layers are created, their names replace the
"Null" entry.

r

' Data Management

Raw DEM Ml =l
Hydro DERM |NuII ﬂ
Flow Direction Grid |NuII j
Flow Accumulation Grid |NuII j
Stieam Grid Mul =
Strearn Link Grid |Nu|| ﬂ
Catchrmert Grid |NuII j
Catchment |NuII j
&dijoint Catchrent |NuII j
Drrainage Line |NuII ﬂ
Project Point |NuII ﬂ
Project Area |NuII ﬂ
0K | Help | Cancel |

Figure 6-2. Data Management Window.

Terrain Reconditioning

Many users in the past have used the simple "burning in" techniques to force a
stream network on the DEM. This simple "burning in" technique allows the
user to abruptly lower only the stream cell elevation by a fixed amount.
Similar to the simple "burning in" technique, the new DEM Reconditioning
method allows the user to lower the elevation of the stream cell and also
provides an option to gradually lower the neighboring cells along the stream.
This method creates a gradual transition from the overbank to the stream. This
method can be used to eliminate the undesirable side effect of fictitious islands
near the stream centerline that parallel the stream as shown in Figure 6-3.

The DEM Reconditioning tool modifies the terrain by lowering grid cells
along line features. This function requires two inputs, a grid and a line layer.
The function outputs a reconditioned grid. Both input data layers should be in
the same projection.
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Figure 6-3. Cross-Section View of Burning-In Techniques.
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Open the DEM reconditioning tool by selecting the Terrain Preprocessing—>
DEM Reconditioning menu option. After opening the tool, the user needs to
select the raw DEM, select the stream layer, and name the output DEM. The
stream layer can be a published stream network, from the USGS National
Hydrography Database, or stream lines delineated by the user using a
topographic map. Then the user must set three reconditioning parameters as
shown in Figure 6-4.

ta

* DEM Reconditioning

Click errar and wwarning icons For more information E
anput Raws DEM

|C:'I,D0cuments and SettingstAdmin'DeskiopiPistol CreekiLayersiRawDEM ﬂ =
anput AGREE Stream

|C:'|,Dncuments and SettingstAdmintDesktopiPistal Creekiuntitled. mdblLaversh AgreeStream j

Mumber of Cells For Skream Buffer

amooth Drop in Z Units

sharp Drop in 2 Units
| 1000

Oukput AGREE DEM
| Ch\Documents and Settings! AdminiDeskiophPistol CreekiLavers!AgreeDEM =

I Raize Megative Yalues [optional)

[al'4 Cancel Environments. .. Show Help ==

Figure 6-4. DEM Reconditioning Editor.

« Number of Cells for Stream Buffer — this is the number of cells around
the vector line theme for which the smoothing will occur.

« Smooth Drop in Z Units — this is the amount (in vertical units) that the
grid cells will be lowered. If the number is negative and the Raise
Negative Values option is checked, then the program will raise the grid
cells. This value is used to interpolate a smooth slope in the buffered
area between the boundary of the buffer and the dropped/raised vector
feature.

« Sharp Drop in Z Units — this is the additional amount (in vertical units)
that grid cells will be lowered. If the number is negative and the Raise
Negative Values option is checked, then the program will raise the grid
cells. This amount of additional burning/fencing will be on top of the
smooth drop.

The original AGREE method was developed with Arc/Info by Ferdi Hellweger
at the University of Texas at Austin in 1997. For a full reference to the
procedure refer to the web link:
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http://www.ce.utexas.edu/prof/maidment/GISHY DRO/ferdi/research/agree/aqgr
ee.html.

Another useful tool for editing the terrain data is the Build Walls tool.
Published subbasin delineations or those from past studies can be used to build
walls in the terrain. This will ensure that subbasin delineations from the terrain
data are the same as existing datasets. Select the Terrain
Preprocessing—>Build Walls menu option. The Build Walls editor is shown
in Figure 6-5. The user must define the input DEM and a polygon layer of
subbasin boundaries. Both Input Outer Wall Polygon and Input Inner Wall
Feature polygon layers can be defined, but only one is required. The outer
wall polygon layer represents the boundary of the entire drainage basin and the
inner wall polygon layer represents subbasins within the drainage basin. The
Input Breach Line layer is used to represent the stream network. The
program will not raise those grid cells located below the breach lines. This
allows water to flow out of the fenced-in areas (another option would be to run
the DEM Reconditioning tool after running the Build Walls tool). The Inner
Wall Height is used to raise grid cells in the input DEM that overlay
boundaries from the input Inner Wall Feature layer. The outer wall height will
automatically be double the inner wall height. The Inner Wall Buffer and
Breachline Buffer are the number of cells around these layers that will be
modified.

r

* Build Walls

Click error and warning icons For more information E
anput DEM
|C:'|,Dncuments and SettingstAdmintDeskiopiPistal CreekilayersiDEM j

Inner Wiall Height {DEM Z-Uinit)

Inner Wiall Buffer (Mumber of Cells)

Breachline Buffer (Mumber of Cells)

| 0
Cutput e alled GEM

| Ch\Documents and Settings! AdminiCeskiophPistol CreekiLavers\whalledDEM
Input Quter WWall Palvgon {optional)

| -]
Input Inner wall Feature {optional)

| -

Input Breach Line {optional)

| =]
oK | Zancel Ervironments. .. | Show Help = |

Figure 6-5. Build Walls Editor.

After the modified DEM is obtained, users should use the Fill Sinks tool to
remove potential sinks generated from the reconditioning process.
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Terrain Preprocessing

By applying the GIS algorithms discussed below, the terrain can be processed
in a step-by-step process where datasets are derived after each operation.
Greater control over the results is possible because the user verifies the results
and makes decisions before proceeding. For example, prior to performing the
stream definition, it is good practice to use the Identify Contributing Area tool
and check the contributing area at several locations. This information on the
area can help pick a threshold for adequate stream definition.

GIS Approach

GIS approaches toward hydrologic analysis require a terrain model that is
hydrologically corrected. A hydrologically corrected DEM is one in which all
depressions have been filled. The GIS analyzes the depressionless terrain data
by applying the 8-point pour model, where water flows across the landscape
from cell to cell based on the direction of the greatest elevation gradient. Steps
in the analysis include filling depressions or pits, calculating flow direction and
flow accumulation, delineating streams with an accumulation threshold,
defining streams, segmenting streams, delineating watersheds, processing
watershed polygons, processing streams, and aggregating watersheds.

Depressionless DEM

The depressionless DEM is created by filling the depressions or pits by
increasing the elevation of the pit cells to the level of the surrounding terrain.
The pits are often considered as errors in the DEM due to re-sampling and
interpolating the grid. For example, in a group of three-by-three cells, if the
center cell has the lowest elevation compared to its eight neighboring cells,
then the center cell's elevation will be increased equaling the next lowest cell.
Filling the depressions allows water to flow across the landscape. This
assumption is generally valid when a large storm event fills up the small
depressions and any incremental amount of water that flows into the depression
will displace the same amount of water from the depression.

The steps to fill depressions are shown below.

« Select Terrain Preprocessing = Fill Sinks.

« The Fill Sinks editor is shown in Figure 6-6. The user must specify the
Input DEM (also referred to as the Raw DEM).

« The filled DEM is referred to as the "Hydro DEM™". The default name is
"Fil", which can be overwritten by the user.

« The Fill Threshold option can be used to fill only those sinks that have a
depth lower than the user specified threshold. Currently, all sinks must
be filled when developing an HEC-GeoHMS project; therefore the Fill
Threshold field must be left empty.
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. A "Deranged Polygon" is used to define areas that will not be filled.
Currently, all sinks must be filled when developing an HEC-GeoHMS
project; therefore a deranged polygon layer should not be selected.

« The Use IsSink field check box should not be checked.

« Press OK.

Click error and warning icons For more information E
anput DEM

|C:'|,Dncuments and SettingstAdmintDeskiopiPistal CreekilayersiDEM j
&Output Hydro DEM

| CA\Documents and Settings! AdminiDeskioph Piskal CreekiLaverstFil

Fill Threshold {optional)

Input Deranged Polygon (optional)
l =]

I Use IsSink field [optional]

oK | Zancel Ervironments. .. Show Help =

Figure 6-6. Fill Sinks Tool.

The hydrologically corrected DEM is used as the starting point for delineating
subbasins and river reaches. With the step-by-step approach, each step begins
with the program offering a list of inputs that will be used to produce the
output grid or vector layer. If the step-by-step procedure is performed in a
sequential order, the program will automatically offer the correct data input for
processing. In a few instances, when certain steps are repeated or performed
out of order, it would be important to verify that the appropriate datasets are
used.

Flow Direction. This step defines the direction of the steepest descent for
each terrain cell. Similar to a compass, the eight-point pour algorithm specifies
the following eight possible directions:

B4

1 = east, 2= southeast, - 125
4 = south, 8 = southwest,

16= west, 32=northwest, ® !
64 = north, 128=northeast. 8, 7
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The steps to compute flow directions are shown below.

« Select Terrain Preprocessing = Flow Direction. The Flow Direction
editor is shown in Figure 6-7.

« Confirm that the input of the "Hydro DEM" is the hydrologically
corrected DEM (filled DEM).

« The name of the output flow direction grid is defined in the "Output Flow
Direction Grid" field. "Fdr" is the default name that can be overwritten

by the user.
r =
* Flow Direction EJ@|E|
Click error and warning icons For more information E
Input Hydro DEM

il [
&Output Flow Direction Grid
| CA\Documents and Settings! AdminiDeskioph Piskal CreekilaversiFdr

Input Cuter Whall Palygon {opkional)

| |

oK | Zancel Ervironments. .. Show Help =

Figure 6-7. Flow Direction Editor.

. If you used the Build Walls tool to fence in an external wall then use the
same outer wall polygon for the Input Outer Wall Polygon layer.
Otherwise, do not select an input outer wall polygon layer.

. Press OK.
The result of the Flow Direction operation is shown in Figure 6-8.
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Figure 6-8. Flow Direction Result.

Flow Accumulation. This step determines the number of upstream cells
draining to a given cell. Upstream drainage area at a given cell can be
calculated by multiplying the flow accumulation value by the grid cell area.

The steps to compute flow accumulation are shown below.

« Select Terrain Preprocessing = Flow Accumulation. The Flow
Accumulation editor is shown in Figure 6-9.
« Select the "Input Flow Direction Grid".

« The name of the output flow accumulation grid is defined in the "Output
Flow Accumulation Grid" field. "Fac" is the default name that can be
overwritten by the user.

o Press OK.

The result of the Flow Accumulation operation is the "Fac™ grid, as shown in
Figure 6-10.
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=
* Flow Aiccumulation

Click error and warning icons for more information

DExR

Input Flow Direction Grid

|For
&Output Flow Accumulation Grid

| CA\Documents and Settings! AdminiDeskioph Piskol CreekilaversiFac

oK | Zancel Ervironments. .. Show Help =
Figure 6-9. Flow Accumulation Editor.
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Figure 6-10. Flow Accumulation Result.
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Stream Definition. This step classifies all cells with a flow accumulation
greater than the user-defined threshold as cells belonging to the stream
network. The user-specified threshold may be specified as an area in distance
units squared, e.g., square kilometers, or as a number of cells. The flow
accumulation for a particular cell must exceed the user-defined threshold for a
stream to be initiated. The default is one percent (1%) of the largest drainage
area in the entire DEM. The smaller the threshold chosen, the greater the
number of subbasins delineated in a following step.

The steps to compute stream definition are shown below.

. Select Terrain Preprocessing = Stream Definition. The Stream
Definition editor is shown in Figure 6-11.

* Stream Definition g@gr
[x]

Click error and warning icons for more information

Input Flow Accunulation Grid

|Fa|: j

Mumber of cells to define stream

5052
&Output Stream Grid
| Ch\Documents and Settings! AdminiDeskiophPistol CreekiLawvers!Str

Area Sgkm bo define stream (optional)
| 0.424922

oK | Zancel Ervironments. .. Show Help =

Figure 6-11. Stream Definition Editor.

« Make sure the "Input Flow Accumulation Grid" is selected.

« Enter the stream threshold as "Number of cells to define stream" or "Area
SgKm to define stream"”.

« The name of the output stream grid is defined in the "Output Stream
Grid" field. "Str" is the default name that can be overwritten by the user.

« Press OK.

The result of the Stream Definition operation is the "Str" grid as shown in
Figure 6-12.
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Figure 6-12. Stream Definition Result.

Stream Segmentation. This step divides the stream grid into segments.
Stream segments, or links, are the sections of a stream that connect two
successive junctions, a junction and an outlet, or a junction and the drainage
divide.

The steps to compute stream segments are shown below.

. Select Terrain Preprocessing = Stream Segmentation. The Stream
Segmentation editor is shown in Figure 6-13.

. Select the "Input Stream Grid" and “Input Flow Direction Grid”.

« Enter a name for the "Output Stream Link Grid". "StrLnk" is the default
name that can be overwritten by the user.

« Do not specify a "Input Sink Watershed Grid™ and a "Input Sink Link
Grid". These are not needed for an HEC-GeoHMS project.

« Press OK.

The stream segmentation operation results in many stream segments as shown
in Figure 6-14.
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=
* Stream Segmentation

Click error and warning icons for more information

DExR

Input Stream Grid

|str

Input Flow Direction Grid

|for
&Output Strearn Link Grid

| Ch\Docurments and Sektingst AdriniDeskiopl Piskol CreekiLawverstSkrlnk
Input Sink Watershed arid (optional)
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o]
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Figure 6-13. Stream Segmentation Editor.
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Figure 6-14. Stream Segmentation Operation Result.
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Catchment Grid Delineation. This step delineates a subbasin for every
stream segment.

The steps to delineate watersheds are shown below.

« Select Terrain Preprocessing - Catchment Grid Delineation. The
Catchment Grid Delineation editor is shown in Figure 6-15.

« Select the "Input Flow Direction Grid™ and the "Input Link Grid™ (this is
the stream link grid).

« Enter a name for the "Output Catchment Grid". "Cat" is the default name
that can be overwritten by the user.

« Press OK.

* Catchment Grid Delineation

Click errar and wwarning icons For more information E

Input Flow Direction Grid

(Falr ~]
anput Lirik @rid

|C:'|,Dncuments and SettingstAdmintDeskiopiPistal CreekilaversiLnk j
&Output Catchment Grid

| CA\Documents and Settings! AdminiDeskioph Piskol Creekilaverstcat

[al'4 | Cancel Environments. .. Show Help ==

Figure 6-15. Catchment Grid Delineation Editor.

The watershed delineation operation results in many subbasins as shown in
Figure 6-16.
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Figure 6-16. Catchment Delineation Result.

Catchment Polygon Processing. This step creates a vector layer of
subbasins using the catchment grid computed in the previous step.

The steps to create a polygon subbasin layer are shown below.

« Select Terrain Preprocessing - Catchment Polygon Processing.
The Catchment Polygon Processing editor is shown in Figure 6-17.

« Select the "Input Catchment Grid".

« Enter a name for the polygon subbasin layer in the "Output
Catchment™ field. "Catchment" is the default name that can be
overwritten by the user.

o Press OK.

The catchment polygon processing operation creates a polygon subbasin layer
as shown in Figure 6-18.
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* Catchment Polygon Processing |'._||'E|E|
Click error and warning icons For more information E
Input Catchrment Grid
o =

&Output Catchment
| CA\Documents and Settings! AdminiDeskioph Piskol Creekiuntitied. mdbiLavers\Catchment

oK | Zancel Ervironments. .. Show Help =

Figure 6-17. Catchment Polygon Processing Editor.
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Figure 6-18. Catchment Polygon Processing Result.
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Drainage Line Processing. This step creates a vector stream layer.
The steps to vectorize stream segments are shown below.

. Select Terrain Preprocessing = Drainage Line Processing. The
Drainage Line Processing editor is shown in Figure 6-19.

* Drainage Line Processing

Click errar and wwarning icons For more information E

Input Stream Link Grid

|str|nk ﬂ

Input Flow Direction Grid

|For R

&Output Drainage Line
| CA\Documents and Settings! AdminiDeskioph Piskol Creekiuntitied. mdbiLavers\Crainageling

[al'4 | Cancel Environments. .. Show Help ==

Figure 6-19. Drainage Line Processing Operation.

« Select the "Input Stream Link Grid" and the "Input Flow Direction Grid".

« Enter a name for the “Output Drainage Line” layer. "DrainageLine" is
the default name that can be overwritten by the user.

« Press OK.
The stream layer is shown in Figure 6-20.
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Figure 6-20. Drainage Line Processing Result.

Watershed Aggregation. This step aggregates the upstream subbasins at
every stream confluence. This is a required step and is performed to improve
computational performance for interactively delineating subbasins and to
enhance data extraction when defining a HEC-GeoHMS project. This step
does not have any hydrologic significance.

The steps to aggregate watersheds are shown below.

« Select Terrain Preprocessing = Adjoint Catchment Processing. The
Adjoint Catchment Processing editor is shown in Figure 6-21.
. Select the "Input Drainage Line" and "Input Catchment" layers.

. Enter a name for the “Output Adjoint Catchment” layer.
"AdjointCatchment” is the default name that can be overwritten by the
user.

« Press OK.
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Click error and warning icons for more information
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Figure 6-21. Adjoint Catchment Processing Editor.
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CHAPTER 7

HMS Project Setup

The HMS Project Setup menu is responsible for extracting data that will be
used to develop the necessary information to create an HEC-HMS project. The
approach for extraction involves specifying a control point at the downstream
outlet. This location represents the downstream boundary for the HEC-HMS
project. After defining the downstream outlet, HEC-GeoHMS will extract data
from the datasets created using the terrain preprocessing tools (discussed in
Chapter 6) for the drainage area upstream of the outlet. Then HEC-GeoHMS
can be used to refine the subbasin and stream delineations, extract physical
characteristics of subbasins and streams, estimate model parameters, and
prepare input files for HEC-HMS. Multiple project outlets can be defined in
the same project; these projects are managed through two feature classes:
project points and project area. The management of these projects allows re-
creation of a study area with different thresholds and allows the user to delete
unneeded projects and related files easily and conveniently.

Start New Project

To define a new project name and create a directory to contain extracted data
and related files, go to the HMS Project Setup menu. The user should already
be zoomed into the area where the outlet will be defined before selecting these
menu options.

. Select HMS Project Setup - Start New

Project. Data Management
« Accept the default names "ProjectArea" and Start Mew Project

"Project Points" or enter a new name for _

these layers. The project area layer is used Generate Froject

to show the upstream drainage area for the
outlet point and the project point layer
shows the location of the outlet point.

Fermove Project

« The Define a New Project editor will open as shown in Figure 7-1.
« Enter the project name and description.

. Select the method of generating the project. Select "Original Stream
Definition™ from the dropdown menu as shown in Figure 7-1.

Another option for the threshold is "A new threshold", which allows the user to
specify a new threshold for the project. As mentioned before, the threshold is
used to classify all flow accumulation cells with a flow accumulation greater
than the user-defined threshold as cells belonging to the stream network. A
smaller threshold will result in more streams and subbasins. The user-specified

7-1




Chapter 7 - HMS Project Setup

HEC-GeoHMS User's Manual

threshold may be specified as an area in distance units squared, e.g., square
miles, or as a number of cells. The flow accumulation for a particular cell must
exceed the user-defined threshold for a stream to be initiated.

£ Define a New Project

Froject Mame | j
Description |
Estraction Method |I:Irigina| Stream Definition ﬂ

] Original Stream CDefinition
Metadata for Project: (A new threshold

Project Data Location

" Inzide Mainyiew Geodatabase

o+ Outside Mairview Geodatabase

Target: ||:: WGeo Cypr

k. | Help | Ear‘u:el|

Figure 7-1. Define a New Project Editor.

. Choose a location to store all datasets. Initially, the program will clip all
datasets created from the terrain preprocessing steps and store them in the
project data directory. Additional datasets created by HEC-GeoHMS
tools will be stored in this directory as well.

« Press OK.

A message window will open, as shown in Figure 7-2, that shows the directory
where the project data will be saved. In addition, the message window lists
two additional steps that must be followed in order to generate the project. The
steps must immediately follow or the new project will not be generated.
Therefore, the user should already be zoomed into the area where the outlet
will be defined before the Define a New Project editor is opened.
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=

£ Start New Project

Project americanniver has been successfully defined.
|tz target location iz C:\Documents and Settingz\gqlhecmifsDesktopiGeoHMS32_Amer_Riversamericanriver,

MHext steps
1. Run 'Add Project Points' ta define the outlet/inlet pointz for the project.
2. Run 'Generate Project’ to create the dataframe and the data far the project.

Figure 7-2. Steps for Creating a New Project.

« Selectthe & (Add Project Points) tool.
« Specify the outlet point for the project area as shown in Figure 7-3.

Figure 7-3. Specify Outlet Location.

. Select HMS Project Setup - Generate Project.

. The first time the Generate Project option is selected, a data
management editor will open letting the user verify the correct datasets
are associated to the required project layers. Click the OK button after
checking the data.

- The map will automatically zoom to the area upstream of the outlet point
and the drainage area will be shaded. The Generate Project editor will
open asking if the user wants to create a project for the shaded area.
Press the Yes button.

. The New Project Layer Names editor will open as shown in Figure 7-4.
The user can accept the default names or overwrite them with customized
names.
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A new data frame will be created and the name will be set to the project name.
All the terrain preprocessing data for the project area will be extracted and
imported into the new data frame. Additional projects can be generated from
the original set of preprocessed data. As illustrated Figure 7-5, the user can
generate multiple projects from the original set of preprocessed data by
creating multiple outlets. The benefit of this setup is that it allows the user to
preserve the original data and work on multiple projects.

r

#' Mew Project Layer Mames

M airiv/iewDI E b M airiviewD E -
Faw DEM |F|awDEM
Hydro DEM IFil
Flowy Diirection Grid |F|:|r
Flowy Accunulation Grid |Fa|:
Streamn Grid |5tr
Stream Link Grid |5tank
Catchment Grid |I:at
Subbasin |Subbasin1 38
Praject Point |F'ru:nie:::tF'-:-int1 3n
River |F|iver1 i
(1] 4 | Help | Cancel |

Figure 7-4. Editor for Naming Datasets Created for the New Project.
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CHAPTER 38

Basin Processing

After the terrain preprocessing is completed and a new project has been
created, the Basin Processing menu can be used to revise the subbasin
delineations. Customized subbasin and routing reach delineations should
include points where information is needed,
I.e., stream flow gage locations, flood
damage centers, environmental concerns,
Basin Merge and hydrologic and hydraulic controls. The
tools described in this chapter will allow the
user to interactively combine or subdivide
River Merge subbasins as well as to delineate subbasins

Split Basin at Confluences to a set of points.

Daka Management

Subbasin Divide by Maximum Area

Impart Batch Poinks

Delineate Batch Paoints

This chapter will discuss the tools for subbasin delineation that are available
from the Basin Processing menu. Below is an outline of Chapter 8.

Contents

« Basin Merge

e Basin Subdivision

e Subbasin Divide by Maximum Area
e River Merge

e River Profile

o Split Basins at Confluences

« Batch Subbasin Delineation

Basin Merge

Under the Basin Processing menu, the Basin Merge menu item merges
multiple subbasins together into one subbasin. This tool works interactively by
presenting the result of the operation and giving the user options to accept or
cancel the operation. Below are rules and a list of steps for using the merge
tool.

Rules!
« The subbasins must share a common confluence or
« The subbasins must be adjacent in an upstream and downstream manner.
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« More than two subbasins are permitted.

Steps
. Make the subbasin layer active.

. Use the select tool [ and select the two subbasins as shown in Figure
8-1.

Figure 8-1. Merge Selected Subbasins.

. Select Basin Processing = Basin Merge.

« The result of the merged subbasin is displayed with a prompt for
confirmation of the results. Press Yes to accept the resulting merged
subbasin or No to cancel the merge operation.

The result of the merged basin is shown in Figure 8-2.

Figure 8-2. Basin Merge Result.
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Basin Subdivision

A basin can be subdivided with the Subbasin Divide AL tool. The tool tip can

be viewed by placing the pointer tool k over the Subbasin Divide AL tool.
A subbasin can be subdivided on the existing or non-existing stream network.

Method 1: Basin Subdivision on Existing Stream

An existing basin can be subdivided into two basins on an existing stream.

« Zoom in to the area of interest as shown in Figure 8-3. Make the stream
grid (default name is "Str") layer visible. The "Str" grid layer represents
the grid cells that compose the visible stream network. The existing
streams are shown as blue lines in the river layer.

Zoom -to box

Figure 8-3. Zoom in Prior to Basin Subdivision.

« Select the Subbasin Divide At tool.
« Click on the cell of interest as shown in Figure 8-4.
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Figure 8-4. Click on the Cell to Subdivide Basin.

. A few seconds later, the map zooms out and the subdivided basins are
highlighted. The Project Points editor opens prompting the user to name
the new subbasin outlet. Accept the default name for the new basin outlet
or overwrite it in the text box.

« Press OK to make the delineation permanent.

The result of the operation is shown in Figure 8-5.

subdivide
Foint

Figure 8-5. Basin Subdivision Result.

Method 2: Basin Subdivision without Existing
Stream

When an existing stream does not extend upstream far enough, the user can use
the same Subbasin Divide tool to delineate a new subbasin. In this case, the
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flow accumulation grid can be used to see the detailed stream network. For
example, in Figure 8-6, the blue line (if document is in color) is the river layer.
The river layer is positioned on top of the flow accumulation grid. The
detailed stream is visible in the flow accumulation grid. In this grid, the value
is determined by the number of upstream cells that flow into a particular cell.
A value of zero is indicative of a grid cell located on the subbasin divide.
Figure 8-6 shows that the stream network extends past the river layer. You can
modify the legend to see more detail in the flow accumulation grid if needed.
When subdividing a basin at a point that is not on the existing stream, the
program will trace a new stream segment downstream from the specified point
to the existing stream.

« Zoom in to the area of interest and make the flow accumulation layer
visible.

« With the Subbasin Divide tool selected, click on a grid cell in the flow
accumulation grid that is part of the detailed stream network.

« Accept the default name for the outlet or overwrite it in the text box and
press OK.
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. / River stops here

Flow accumulation
grid shows detailed
stream network

N

Figure 8-6. Flow Accumulation Grid Showing Detailed Stream Network.

Subbasin Divide by Maximum Area

The Subbasin Divide by Maximum Area tool allows the user to quickly
subdivide subbasins using a maximum area threshold. The program will
subdivide all subbasins, or the selected subbasins, so that the user-defined
maximum drainage area is not exceeded. Figure 8-7 shows a subbasin with an
approximate drainage area of 3.3 square miles. The Subbasin Divide by
Maximum Area tool was used to subdivide this subbasin so that no subbasin
drainage area was larger than 0.1 square miles, Figure 8-8.




HEC-GeoHMS User's Manual Chapter 8 - Basin Processing

Figure 8-7. Subbasin Prior to use of the Subbasin Divide by Maximum Area Tool.

Figure 8-8. Sub-Divided Subbasins After use of the Subbasin Divide by Maximum Area Tool.
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Steps

. Use the select tool [ and select one or multiple subbasins. If no
subbasins are selected then all subbasins will be edited.

« Select Basin Processing = Subbasin Divide by Maximum Area.

. Confirm the correct data layers are associated to the required datasets in
the Subbasin Divide by Maximum Area editor as shown in Figure 8-9.

. Specify the maximum area threshold by entering the number of grid cells
or area as shown in Figure 8-10.

¥ Subbasin Divide by Maximum, Area

Subbazin |Su|:||:|asin ﬂ

Flow Direction Gnd |F|:|r j

Flow Accumulation Grid |Fa|: ﬂ

Stream Link Grid [StiLnk -]

Froject Point FrojectPaint -]

River |Hiver ﬂ
0K | Help | Cancel |

Figure 8-9. Input Layers Needed for the Subbasin Divide by Maximum Area Tool.

B Subbasin Divide by Maximum, Area

Specify Magimum Subbazin Area

Mumber of cells: 4156
Area [square kilameter): ||:|_2E4
] | Cancel |

Figure 8-10. Enter the Number of Cells or Area to Set the Maximum Area Threshold.

River Merge

When subbasin merges and subdivisions are performed, stream segments are
often created. As an example, the result of merging two subbasins into one
subbasin can result in multiple river segments. When creating an HEC-HMS
project, these two segments will be treated as separate routing reaches. If the
user intends to model routing with multiple reaches, the user will need to
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develop routing parameters for both reaches. However, if the user intends to
model the routing with a single reach, then the user will need to merge both
stream segments.

Steps
« Make the river layer active.
« Select the two stream segments with the & Select tool.
. Select Basin Processing = River Merge.

« Confirm the merge by pressing the Yes button. The selected stream
segments become one segment.

River Profile

The river profile tool provides information on slopes and grade breaks that can
be useful for selecting delineation points. The river profile is created by
extracting elevation values from the terrain model along the stream line.
Creating the river profile can be performed using the River Profile t: tool.

Steps
« Make the river layer active.
« Select the = Profile tool.

. Confirm the correct data layers are associated to the required datasets in
the River Profile editor as shown in Figure 8-11.

#' River Profile

Line2Prafile [River =l
Hydro DEM [Fil [~
Flow Direction Gnd |F|:|r ﬂ
Flow Accumulation Grid |Fa|: ﬂ
Stream Link Grid [StiLnk |
Froject Point FrojectPaint |
Subbagzin |Eul:|hasir'| j
(1] 4 | Help | Cancel |

Figure 8-11. River Profile Editor.

« Click on a stream segment (river layer) in the map to open a profile like
the one shown in Figure 8-12.
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102 {4
180 4
ZRE:
z i :
Bt f :

0 2,000 4,000 5,000 a,000 10,000
Distance (Meters)

Figure 8-12. River Profile.

Split Basins at Confluences

The Split Basins at Confluences tool allows the user to subdivide a subbasin
at all confluences. For the situation shown in Figure 8-13, this tool should be
used instead of the interactive Subbasin Divide tool.

Confluence

Figure 8-13. Subdivide Basin at Confluence.

Rules!
« Only one basin can be selected.
« This tool can be used in a basin having multiple confluences.

Steps
o Activate the subbasin layer.
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o Select the subbasin containing the confluences with the 1 Select tool as
shown in Figure 8-13.

. Select Basin Processing = Split Basin at Confluences.
«  Confirm the split subbasins by pressing the Yes button.

The operation created three subbasins as shown in Figure 8-14. One subbasin
is created for each stream segment.

Batch Subbasin Delineation

Subbasin delineation may also be accomplished through batch processing; this
requires a point layer be created that contains the desired outlet locations. It is
important to recognize that the batch subbasin delineation operates on the
existing delineation by further delineating with the new outlet points. There
are two methods for creating the batch point layer.

Method 1: Batch Point Tool

Use the * Batch Point Generation tool from the Arc Hydro Tools toolbar
to place points on the map. This tool will automatically create a batch point
layer. To use this tool effectively, turn on the flow accumulation grid, zoom in
until grid cells in the stream network are visible, and place the point within a
stream grid cell.

Rules!
« The delineation points should be located on the stream network.

8-11



Chapter 8 - Basin Processing HEC-GeoHMS User's Manual

Steps

« Click onthe * Batch Point Generation tool. Then click in the map to
add a batch point. An editor opens letting the user define the name of the
batch point layer the first time this tool is used to create a batch point.
Click the OK button.

. Inthe Batch Point Generation editor enter a name and description for the
batch point as shown in Figure 8-15. The "BatchDone" and "SnapOn"
options can be used to turn on (select 1) or off (select 0) batch processing
and stream snapping for that point. The "Type" should be set to "Outlet".

&

*' Batch Point Generation E|

- Paint Definition

Mame: |B atchPointT

D escription: |E atchPaoint]|

BatchDiorne: | 0 ﬂ

Snapln: | 1 ﬂ

Type: | O utlet ﬂ
(1] 4 | Cancel |

Figure 8-15. Batch Point Generation Editor.

The batch point layer contains the essential fields shown in Figure 8-16. These
fields provide instructions and information for the program to perform batch
subbasin delineation. The field headings and values are discussed in Table 8-1.

| Shape * OID * | Hame | Descript [ BatchDone | 5napﬂn| SrcType

2 |F'|:|int 1 |BatchPoirt1 | BatchPoint 1] 1 1]
Figure 8-16. Batch Point Attribute Table.

Table 8-1. Batch Point Fields, Descriptions, and Values.
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Field Headings Descriptions Possible Values
Shape Standard requirement for noting Point
the feature type (point, line,
polygon).
OID Standard identifier for tracking the | Integer
number of points generated.
Name The name of the outlet location Text
(can be edited by the user).
Descript The description of the outlet Text
location (can be edited by the
user).
BatchDone An indicator if batch processing "0" indicates that batch
has been performed for the points. | processing has not been
performed.
"1" indicates that batch
processing has been
performed.
"-1" indicates that batch
processing has been performed
unsuccessfully.
SnapOn A flag that can be set to enable "1" enables snapping.
snapping of the user-specified "0" disables snapping.
point to the stream.

« To process the batch points in the batch point layer, select Basin
Processing = Delineate Batch Points.

Method 2: Import Batch Points

This method is useful when the user already has an existing point layer

containing points of interest, stream flow gage locations, and/or previous
hydrologic model outlet locations. The user can import the existing point
features into the batch point layer.

Steps

. Select points from an existing point layer using the ¥ Select tool. The
points must be selected in order for them to be imported.

. Select the Basin Processing = Import Batch Points menu option.

. Enter a name for the "Batch Point" layer and press OK.

. To process the batch points in the batch point layer, select Basin
Processing = Delineate Batch Points.
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CHAPTER 9

Stream and Subbasin
Characteristics

HEC-GeoHMS computes several topographic characteristics of streams and
subbasins that can be used for estimating hydrologic parameters. The user
should compare and verify the physical characteristics with published
information prior to estimating the hydrologic parameters. The stream and
subbasin physical characteristics are stored in attribute tables, which can be
exported for use with a spreadsheet and other programs.

This chapter will discuss the tools for
extracting topographic characteristics of Data Management
streams and subbasins. These tools are
available from the Basin Characteristics
menu on the HEC-GeoHMS Project View River Slope
toolbar. A list of the physical
characteristics extracted for the streams and
subbasins are summarized in Table 9-1. Longest: Flow Path
These characteristics are saved to the
attribute tables of the stream and subbasin
layers. Below is an outline of Chapter 9. Centroid Elevation Update

Zenkroidal Flow Path

Rivetr Length

Basin Slope

Basin Centroid

Contents

e River Length

o River Slope
 Basin Slope

e Longest Flow Path

« Basin Centroid

« Centroid Elevation

e Centroidal Flow Path
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Table 9-1. Physical Characteristics.

Attribute Table

Data Layer Physical Characteristics Heading
Stream Layer Length RivLen
Upstream elevation ElevUP
Downstream elevation ElevDS
Slope Slp
Subbasin Layer Area Area
Centroid Layer Centroid location
Centroid elevation Elevation
Longest Flow Path Layer Location of the longest flow path
Longest flow length LongestFL
Upstream elevation ElevUS
Downstream elevation ElevDS
Slope between endpoints Slp

Centroidal Flow Path Layer

Location of the Centroidal flow
Path
Centroidal Length

CentroidalFL

River Length

This step computes the river length for selected or all routing reaches in the
river layer. A field named "RivLen" is added to the river layer’s attribute table
and populated with values. The units of "RivLen" are taken from the units of

the DEM.

Steps

« Select Basin Characteristics = River Length.

. Make sure the river layer is selected in the River Length Computation
editor as shown in Figure 9-1.

o Press OK.

* River Length

Impuk River

|River

Cancel Ervironrents. ..

Show Help ==

Figure 9-1. River Length Computation Editor.
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River Slope

This step extracts the upstream and downstream elevation of a river reach and
computes the slope. The upstream and downstream elevation and slope are
added to the river layer’s attribute table with the column headings: "ElevUP",
"ElevDS", and "Slp".

Steps
« Select Basin Characteristics = River Slope.

« Make sure the raw DEM and river layer are selected in the River Slope
Computation editor as shown in Figure 9-2.

o Press OK.

* River Slope

Input Raw DEM
| RaWDEM

Inpuk River

|River

| Ik | Cancel Environments., ., Show Help ==

Figure 9-2. River Slope Computation Editor.

« If the vertical units for the DEM are not specified in the spatial reference
information, the program will assume that the vertical units are the same
as the horizontal units as shown Figure 9-3.

Completed

[ Close thiz dialog when completed successfully

Executing: RiverZlope RawDEM River River

Gtart Time: Thu Jun 10 15:02:22 2010

Spatial reference does not have = unit. Assuming ZUnit is the sawe as linear unit and zfactor = 1
Cowputing river slope..

Executed [(River3lope) successfully.

End Time: Thu Jun 10 15:02:23 2010 (Elapsed Tiwe: 1.00 seconds)

Figure 9-3. DEM's Vertical Units.
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Basin Slope

This function computes the average basin slope in the watershed. If computed,
this will be used for the computation of the CN Lag time parameter (found
under the Hydrologic Parameters menu). The Basin Slope tool operates on a
selected set of subbasins in the subbasin layer. If no subbasin has been
selected, the function processes all the subbasins. The basin slope is
determined by averaging values from a slope grid for each subbasin. The slope
grid can be created using the Terrain Preprocessing - Slope tool on the Arc
Hydro Tools toolbar or the Spatial Analyst - Surface Analysis = Slope
tool on the Spatial Analyst toolbar.

Steps
« Make sure a slope grid is available in the data frame.
« Select Basin Characteristics = Basin Slope.

. Select the subbasin layer and slope grid in the Basin Slope editor as
shown in Figure 9-4.

o Press OK.

* Basin Slope

Input Slope tGrid

|dnpe

Input Subbasin
|Subbaﬂn

| Ik | Cancel Environments. .. Show Help ==

Figure 9-4. Basin Slope Editor.

The subbasin layer's attribute table will contain a column named "BasinSlope™
that will be populated with the average slope computed using the selected slope
grid.
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Longest Flow Path

The Longest Flow Path tool computes a number of physical characteristics:
the longest flow length, upstream elevation, downstream elevation, and slope
between the endpoints. These characteristics are stored in the longest flow
path layer.

Steps
. Select Basin Characteristics = Longest Flow Path.

. The Longest Flowpath editor is shown in Figure 9-5. Select the raw
DEM, flow direction grid, and the subbasin layer. Then enter a name for
the longest flow path layer or accept the default name.

o Press OK.

« If the vertical units for the DEM are not specified in the spatial reference
information, the program will assume that the vertical units are the same
as the horizontal units.

* Longest Flowpath

Inpukt Raw DEM
| RawDER

Input Flow Direction Grid
| Fdr
Input Subbasin

|Sul:u|:uasin
&Output Longest Flaw Path
| CADocuments and Setkings!Admint DeskiopPistol Creek) pistalcreek)pist

Cancel Environments. .. Show Help ==

Figure 9-5. Longest Flowpath Editor.

When finished, the longest flow path layer is added to the data frame. This
layer’s attribute table contains the following fields:
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« DrainID: HydrolD of the associated subbasin.

« LengthDown: Length from the beginning of the longest flow path
feature to the subbasin outlet.

« LongestFL: Length of the longest flow path.
« Slp: Slope of the longest flow path.

. ElevUP: Elevation at the upstream end of the longest flow path in
map units.

. ElevDS: Elevation at the downstream end of the longest flow path
in map units.

. Elev10: Elevation at 10 percent of the longest flow path length.
. Elev85: Elevation at 85 percent of the longest flow path length.

« SlIp1085: Slope of the longest flow path between points located at
10 and 85 percent of the longest flow path length.

Interactive Longest Flow Path

The Interactive Longest Flow Path tool can be used to define the longest flow
path for a subbasin. This tool can be used to replace the longest flow path
created by the Basin Characteristics = Longest Flowpath tool. To use this tool,

click the Interactive flow path button # and then click on a point in the
subbasin where you think the longest flow path begins. The program will trace
the longest flow path from this point to the subbasin outlet. The program
shows the user the flow path for the location selected and allows the user to
accept or reject the updated longest flow path. If the flow path is replaced,
then attribute information will be updated and the program will remove the
existing longest flow path for the selected subbasin and replace it with the
interactive longest flow path.

Basin Centroid

The Basin Centroid tool will identify the centroid of each subbasin. The
function will operate on the selected set of subbasins or all subbasins. The
basin centroid location can be estimated in four ways. Three methods may be
used to define the centroid, each one using a different algorithm and thus
providing a different result. The quality of the results is a function of the shape
of the subbasin and should be evaluated after they are generated. The fourth
method is user-specified, where the user moves the centroid to the desired
location after it is created. Sometimes, the centroid is located on the subbasin
boundary and therefore should be moved or a different method should be used.
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Steps
« Select Basin Characteristics = Basin Centroid

« Select the basin centroid method as shown in Figure 9-6. Press
OK.

* Basin Centroid

Click error and warning icons for more infarmation

Select Centroid Method

Cenker of gravity
Longest Flow path
Fifty percent area

B T T S T

Figure 9-6. Basin Centroid Methods.

Method 1: Center of Gravity Method

The Center of Gravity method computes the centroid as the center of gravity
of the subbasin. If the center of gravity is outside the subbasin, it is snapped to

the closest boundary.
« Select Center of gravity.

« Make sure the subbasin layer is selected and enter a name for the
output centroid layer in the Basin Centroid editor as shown in

Figure 9-7.
o Press OK.
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* Basin Centroid El @| PX|

Select Centroid Method
| Center of gravity
Input Subbasin

|5ubbasin ﬂ
ri‘:}cu_|l:|:n_|l: Centroid
| =\ Documents and Settings) AdminDeskhopiPistol Creekipistolcreekpistolcresk. gdbl pistoloree

Input Flaw Accumulation Grid (optional)

Input River (optional)

Input Longest Flow Path {optionaly

(04 | Cancel Environments. .. Show Help ==

Figure 9-7. Basin Centroid Editor for Center of Gravity Method.

The result is a new point layer that shows subbasin centroids.

Method 2: Longest Flow Path Method

The Longest Flow Path method computes the centroid as the midpoint of the
longest flow path within the subbasin.
« Select Longest flow path.

« Make sure the subbasin and longest flow path layers are selected
and enter a name for the centroid layer in the Basin Centroid editor
as shown in Figure 9-8.

« Press OK.
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* Basin Centroid El @| PX|

Select Centroid Method
| Longest flow path
Input Subbasin

|5ubbasin ﬂ
ri‘:}cu_|l:|:n_|l: Centroid
| CADocuments and SettingstAdmintDeskioptPistol Creekipistolcreekipistolcresk., gdb pistolcree

Input Flaw Accumulation Grid (optional)

Input River (optional)

Input Longest Flow Path {optionaly
| -ongestFlowPath =

(04 | Cancel Environments. .. Show Help ==

Figure 9-8. Basin Centroid Editor for Longest Flow Path Method.

The result is a new point layer that shows subbasin centroids.

Method 3: 50% Area Method

The 50% Area method computes the centroid as the point having a
contributing area equal to 50% of the area of the subbasin.

« Select 50 percent area.

« Make sure the flow accumulation grid, subbasin, and river layers
are selected and enter a name for the centroid layer in the Basin
Centroid editor as shown in Figure 9-9.

« Press OK.
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* Basin Centroid El @| PX|

Select Centroid Method
| Fifty percent area
Input Subbasin

|5ubbasin ﬂ
ri‘:}cu_|l:|:n_|l: Centroid
| CADocuments and SettingstAdmintDeskioptPistol Creekipistolcreekipistolcresk., gdb pistolcree

Input Flaw Accumulation Grid (optional)

|Fa|:

Input River (optional)

| River

Input Longest Flow Path {optionaly

Cancel Environments. .. Show Help ==

Figure 9-9. Basin Centroid Editor for Fifty Percent Area Method.

The result is a new point layer that shows subbasin centroids.

Method 4: User-Specified Centroid Location

When the three previous methods do not produce satisfactory estimates of the
centroid, the user can manually edit the centroid layer to move the centroid to a
more suitable location.

« Select Editor - Starting Editing on the Editor toolbar.

Editor -

S5¥ start Editing

. Select the geodatabase containing the centroid layer as shown in
Figure 9-10. Press OK.
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Start Editing

Ww'hich folder or databaze do vou want to edit data from?

Source | Type

C:hGeo_CyprtGlS Shape Files Shapefiles

o '\geu:- cypr'\cypress'xcypress'x Arclnfo 'workspace

C:\Geo CypriCypresshCypress File Geodatabaze

I: WGeo Cyprigeohms l:_l,lpr mdl:u Perzonal Geodatabaze

‘ | }

These layers and tables will be available for editing:

BatchPaoint L
B atchPaints i
HkSHode212

HkSLink212

FlowBreakPointz212

MDdEIarkI nterzect212

gestFlowpathi212
Centroid212
ath212

Subbazin21: b

(] 4 | Cancel

Figure 9-10. Select Geodatabase Containing the Centroid Layer.

« Select the Edit tool - on the Editor toolbar. Then select the
centroid to be moved. Make sure that only the centroid point is
selected and not other layers in the map. You can set the centroid
layer as the only selectable layer to prevent unintentionally
selecting features in other layers. You can do this by selecting the
Selection tab at the bottom of the table of contents and then
unchecking all layers but the centroid layer.

CentroidallongestFlowpathi
Centroid133
LongeskFlowpathl 38
Subbasinl3s
Riverl3d
ProjectPoinkl 35

00000

< >
« The pointer turns into a double arrow when a centroid is selected.

« Click and drag the centroid to another location as shown in Figure
9-11.
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Figure 9-11. User-Specified Centroid Location.

« To stop editing and save the changes, select Editor - Stop
Editing.
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Centroid Elevation

This operation computes the elevation for each centroid point using a DEM.
The elevations are stored in the centroid layer’s attribute table.

Steps
« Select Basin Characteristics = Centroid Elevation.

« Select a DEM (the Raw DEM does not have to be selected) and
centroid layers in the Centroid Elevation editor as shown in Figure
9-12.

« Press OK.

* Centroid Elevation

Inpukt Raw DEM
| RawDEM - =
Input Cenkroid
| Centraid - =
L
K Cancel Environments, .. | Show Help == |

Figure 9-12. Centroid Elevation Computation Editor.

« If the vertical units for the DEM are not specified in the spatial
reference information, the program will assume that the vertical
units are the same as the horizontal units.

When finished, the "Elevation" field in the centroid layer's attribute table will
be populated.
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Centroidal Flow Path

This operation computes the centroidal flow path by projecting the centroid
onto the longest flow path. The centroidal flow path is measured from the
projected point on the longest flow path to the subbasin outlet as shown in
Figure 9-13.

Centroid Longest Flow Path

Eight
Lngle

|
Eﬂ

- Prc:_:-jected
AL RS R Pomnt

BE——n

Figure 9-13. Centroidal Flow Path.

Steps
« Select Basin Characteristics = Centroidal Flow Path.

« Select the subbasin, centroid, and longest flow path layers in the
Centroidal Longest Flow Path editor as shown in Figure 9-14.
Then enter a name or accept the default name for the centroidal
longest flow path layer.

« Press OK.
The result of the centroidal flow path operation is a centroidal flow path layer.

The attribute table contains a field named "CentroidalFL" that is populated
with the length of the centroidal flow path line.
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* Centroidal Longest Flowpath |Z||E|[z| |

Input Subbasin
| Subbasin

Input Centroid
|Centru:uiu:|
Input Longest Flow Path

| LongestFlowPath
Ckpuk Centroidal Longest Flaw Path
| CDacurents and Sektingsisdmint Desktop Pistal Creek)pistolcres

Cancel Erviranmenks. .. Show Help ==

Figure 9-14. Centroidal Longest Flow Path Computation Editor.
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CHAPTER 10

Hydrologic Parameter Estimation

After the physical characteristics of streams and subbasins have been extracted,
users have the option to estimate a number of hydrologic parameters.
Parameters can be estimated as subbasin average and grid-based values using
soil and land use databases. Other hydrologic parameters, such as time of
concentration and Muskingum-Cunge routing parameters can be obtained from
the terrain, surveyed data, and precipitation data.

The program can assist in estimating a number of parameters for the loss
methods, Muskingun-Cunge and kinematic wave routing parameters, subbasin
time of concentration, and subbasin lag time. Tools on the Hydrologic

Parameters menu will
populate the attribute tables
for the subbasin and river Select HMS Processes
layers. This information will
be contained in the HEC-HMS

[Data Management

River Auto Mame

model file generated by HEC- Biasin Auto Name

QeoHMS, thus saving t_he user T I ——

time when parameterizing the

model. The user should Subbasin Parameters From Raster
compare and verify these Subbasin Parameters from Features

estimated hydrologic

. . Muskingum-Cunge and Kinematic 'Wave Parameters
parameters against published

information. Parameter values TRSS Flow Path Segments
computed using GIS data TRES Flow Segment Parameters
sources should be treated as TRSS Export Tt Parameters to Excel

initial estimates. Calibration

and validation of the HEC- Ch Lag Method

HMS model should be used to refine model parameters.

This chapter will discuss the tools for estimating hydrologic parameters that are
available from the Hydrologic Parameters menu. Below is an outline of
Chapter 10.

Contents

e Select HMS Processes

e River Auto Name

e Basin Auto Name

e Grid Cell Processing

e Subbasin Parameters from Raster
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Subbasin Parameters from Features
Muskingum-Cunge and Kinematic Wave Parameters
Time of Concentration

CN Lag Method

Select HMS Processes

This tool allows the users to select the HEC-HMS modeling methods that will
be used in the study. This information is saved in attribute tables for the
subbasin and river layers and will be included in the HEC-HMS project files
created by HEC-GeoHMS.

Steps

Go to Hydrologic Parameters - Select HMS Processes.
Verify that the subbasin and river layers are selected.

From the dropdown menus, the user can select Loss, Transform,
and Baseflow methods for the subbasins and a Route method for the
river reaches as shown in Figure 10-1.

* Solect HWAS Processes

Input Subbasin

| Subbasin

Inpuk River

|River

Subbasin - Loss Method

| [Current Method]
Subbasin - Transfarm Method

| [Current Method]
Subbasin - Baseflow Method

| [Current Method]
River - Rouke Method

| [Current Method]

(0] 4 | Cancel Enviranmenks. .. | Show Help == |

Figure 10-1. Select HMS Processes.

River Auto Name

This process names reaches in sequence from upstream to downstream. The
naming convention combines the letter "R" and a number. For example, the
upstream reach starts with R500 and then R490, R480, R470, etc. are the reach
names proceeding downstream. The intent of this tool is to quickly name the
reaches. The user should change the default names to a more descriptive name.
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Steps
« Select Hydrologic Parameters - River Auto Name.
« Confirm that the river layer is selected and press OK.

The river auto name operation creates a "Name" column in the river
layer's attribute table as shown in Figure 10-2.

B Attributes of River121

| Hame | Description | RouteMet | ElevUP_HMS | ElevDS_HMS | RivLen HMS | ISt~
b R1240 | =nul Lag 265237 261.707 2207 502
|R1250 =t |Lag ' 277 474 265237 BE31.699 |
| |R1260 =t |Lag ' 295 504 | 277 474 7549311 |
| |R1270 =t |Lag ' 262 386 | 277 474 20764 |
| |R1280 =t |Lag ' 291769 | 252336 5755.598 |
| |R1290 =t |Lag ' 297 508 | 252336 797474
| [R1300 |<huli= Lag ' 302.403 | 281769 H0ssT| ¥
s *
Recurd:ﬂj 1 jﬂ Shiow: W Selected Records (0 ouk of 22 ﬂ

Figure 10-2. River Auto Name Result.

The following steps can be used to edit the names in the attribute table.

. From the Editor toolbar, select Editor - Start Editing.

. Select the appropriate geodatabase containing the river layer.
« Open the river layer's attribute table.

« Select a field in the "Name" column and revise it.

« When finished, select Editor - Stop Editing.

« The user is prompted to save the edits.

Basin Auto Name

This process names the subbasins in sequence from upstream to downstream.
The naming convention combines the letter "W" and a number. For example,
the upstream subbasin starts with W500 and then W490, W480, W470, etc. are
the subbasin names proceeding downstream. The intent of this tool is to
quickly name subbasins. The user should change the default names to more
descriptive names.

Steps
« Select Hydrologic Parameters - Basin Auto Name.
« Confirm the subbasin layer is selected and press OK.

The basin auto name operation creates a "Name" column in the subbasin
layer’s attribute table as shown in Figure 10-3.
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E Attributes of Subbasin1 21

| Hame| Description | LossMet TransMet | BaseMet | A
B 430 | =hull= |Initiz+Constant Clark Mone '
w440 | <hu= Initisl+Corstant Clark Mone
| Jw1450 | =huil- Initisl+Corstant Clark Mone
| w1460 | =huil- Initisl+Cornstant Clark Mone
| Jww1470 | <hul- Initisl+Corstant Clark Mone
| w1490 | =huil- Initisl+Corstant Clark Mone
‘ lia1510 | =hull= Initial+Coristart Clark Mone |
< | »
Recnrd:ﬂj 1 ﬂﬂ Show: W Selected Recnrdsj

Figure 10-3. Subbasin Auto Name Result.

Grid Cell Processing

The Grid Cell Processing tool should only be used if the user plans on using
gridded precipitation, like radar rainfall, and gridded loss methods. This tool is
not necessary if using precipitation gage data or hypothetical storms. The grid
cell processing tool creates a grid-based representation of the basin. This tool
should be used after the user has revised the subbasin names.

This tool creates a grid cell polygon layer, which divides the project area into
grid cells. The grid is intersected with the subbasin layer to determine grid cell
locations and areas within each subbasin. HEC-GeoHMS supports two pre-
defined grid geometries: the Standard Hydrologic Grid (SHG) and the
Hydrologic Rainfall Analysis Project (HRAP). Radar rainfall data from the
National Weather Service is reported in the HRAP grid format; however, tools
available from HEC can convert the radar data to the SHG format. More details
on the selection of a grid format are available in Appendix B.

The grid cell processing tool creates a number of new layers. A new polygon
layer showing the grid intersected with the subbasin polygons will be added to
the project data frame. In addition, the grid cell processing tool will create a
new data frame and populate it with three layers. All three layers are projected
to the SHG or HRAP coordinate system. The layers include a polygon layer of
the grid, polygon layer of the subbasin boundaries, and polygon layer of the
intersection between the grid and subbasin boundaries.

As mentioned, the grid cell processing tool will create a new polygon layer
showing the grid intersected with the subbasin polygons and add it to the
project data frame. This grid cell polygon layer contains the following fields:

« Cell_Area: Grid cell area chosen by the user.

« Cell_ID: Unique identifier for each grid cell polygon.
« Name: Name of the subbasin the cell is located within.
« Cell_X: x coordinate of the cell.
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Steps

Cell _Y: y coordinate of the cell.
Mod_Area: Area of each polygon in square kilometers

FlowLength: Average distance in kilometers of all the DEM cells in
the grid polygon to the subbasin’s outlet.

Select Hydrologic Parameters - Grid Cell Processing. The
Grid Cell Processing editor is shown in Figure 10-4.

B Grid Cell Processing

Select the gnd cell methad:
" HRAP
* SHG

SHG Parameters
Select SHG anid cell:

| 2000

Select the projection:

El

|Default [lbers Equal Area Conic USGES] Change...

k. Help | Cancel |

Figure 10-4. Grid Cell Processing Editor.

Select the SHG or HRAP grid cell method. In most cases the SHG
method should be used. This option allows the user to select the
grid size and the SHG projection preserves area, which is important
when estimating hydrologic parameters.

If the SHG grid cell method is selected, then the user must select
the SHG grid cell resolution from the dropdown menu. A grid-cell
resolution of 2000 meters is often suggested when working with
radar rainfall data. At that resolution, a grid cell has an area of four
square kilometers if it resides entirely within a subbasin. A smaller
grid cell resolution can be used to capture heterogeneous watershed
characteristics, like impervious area. The resolution of the
parameter grids must match the resolution of the grid cell defined
by the grid cell processing tool.

The SHG grid uses the Albers Equal-Area projection by default.
Do not change the default projection.
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« Press OK.

« Verify the subbasin layer and flow direction grid are selected in the
Grid Cell Computation editor as shown in Figure 10-5. If the user
developed a flow length grid then it should be selected; however, it
is not required. In most cases, the flow length grid will be set to
"null”. If created by the user, the flow length grid should contain
the distance from the grid cell to the subbasin outlet. Enter a name
for the new "Grid Cell Intersection™ layer and press the OK button.

r

" Grid Cell Computation

Subbasin |Subbasin261 -]
Flow Direction Grid |F|:|r j
Flows Lenath Grid |NuII ﬂ
Grid Cell Intersection |GridCellntersect261

(1] 4 | Help | Cancel |

Figure 10-5. Grid Cell Computation Editor.

« Verify the "Projected Subbasin Layer" is selected and enter a name
for the "Grid Cell Layer" in the Grid Cell View editor, shown in
Figure 10-6. The "Projected Subbasin Layer" will automatically be
created by the program and named using the subbasin layer name
with "Proj" appended to the end. The "Grid Cell Layer™ is a
polygon layer of the grid.

« Press the OK button.

r

£ Grid Cell View

Frojected Subbasin Layer S ubbazinZE1 Pro j
Girid Cell Layer |5HI3_La_I,Ier2E;3
(1].4 | Help | Cancel |

Figure 10-6. Grid Cell View Editor.

The grid cell processing tool will create a new data frame and populate it with
three layers. All three layers are projected to the SHG or HRAP coordinate
system. The layers include a polygon layer of the grid, polygon layer of the
subbasin boundaries, and polygon layer of the intersection between the grid
and subbasin boundaries as shown in Figure 10-7.
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A new polygon layer showing the grid intersected with the subbasin polygons
will be added to the project data frame. The attribute table contains
information that will be used by HEC-HMS when processing gridded data.
This includes grid cell location, polygon area, and travel length. The travel
length is the average distance from the grid cell to the subbasin outlet as shown
Figure 10-8. The travel length is used by HEC-HMS when the ModClark
transform method is selected.

The grid cell layer’s attribute table, shown in Figure 10-9, stores the results for
the each grid cell.

= ProjectPoink263

.
# O MainviewDEM

= £F Gridcell_project2
= ¥ GridCelintersect263Proj
[}
# O Subbasin263Praj
= M sHG Layer2s3
O

&®

Bl @® 30

Tox

L

p
&
v

LAY

Figure 10-7. Intersection between Subbasins and SHG Grid.
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GridC ellintersect2é1
FlowlLength (kmj

-06
-1.1
-1.7
-24
-38

Figure 10-8. Flow Length Displayed for Each Grid Cell.
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=

B Attributes of GridCellintersect261

| oBJECTID | Shape

» | 1 |POIygon

2 |Palygon
3 | Polygon
4 |Palygon
5 | Palygon
E | Polygon
7 | Polygon
g | Polygon
9 |Polygon
10 |Polygon
11 |Palygon
12 |Polygon

A I |

* | DrainlD | Hame | BasinCH | Mod_Area | FlowLength | CellID | Cell Area | Cell X | Cell Y | Shape_Length | Shape_Area | »
100 [W1000 | <hulls 0000757 5 414572 107 250000 2148 2044 486836450 8473 936827
101 W00 =l 0.112309 2053089 170 250000 2151 2844 S170518913 | 1208763216465
101 (w010 [=hull= 0004508 2203506 191 250000 2152 2044 1281917933 48521 067663
115 [W1150 | <blull= 0009133 4369028 24 250000 2144 2045 1475471251 98206.230435
115 [W1150 | <hlull 0004558 4034926 24 250000 2144 2545 1170805972 | 49058 326457
115 W1150 [<Mull= 0154497 420014 45 250000 2145 2045 5804272109 | 1662821 362699
115 [W1150 | <blull= 0048321 355503 66 250000 2146 2045 4204034935 | 530831485026
100 [W1000 |<hull> 0143534 5124589 108 250000 2148 2845 6755.764504 | 1544832 663798
100 [W1000 |<hull= 0123607 4521123 129 250000 2149 2045 6051661311 | 1330355122689
100 [W1000 |<hull= 0108143 5035244 150 250000 2150 2545 5390.243531 | 1163928623585
101 w010 [<hull= 0044132 1 476603 150 250000 2150 2045 3973263451 | 474382094198
101 (WA 010 [=hull= 0246091 1651713 171 250000 2151 2045 6545365386 | 2670163461561 | o
¥
Record: ﬂj 1 jﬂ Shaw: W Selected Records {0 out of 315 Selected) Options

Figure 10-9. Attribute Table for the Grid Cell Layer.

Subbasin Parameters from Raster

This tool operates on a raster layer and computes the average hydrologic
parameters for each subbasin. This tool is similar to the Zonal Statistics tool
located on the Spatial Analyst toolbar and can be used to compute initial
parameter estimates for loss methods in HEC-HMS. Table 10-1 contains
parameters currently supported by HEC-GeoHMS. These are added to the
attribute table for the subbasin layer based on the selected HMS Process. Only
parameters that could be estimated using geospatial data are added to the
attribute table. Remaining parameters will have to be entered manually into
the HEC-HMS model and then determined by calibrating the HEC-HMS
model to historic rainfall-runoff events. The grid layers used to estimate these
parameters can be downloaded from various internet sources, see Chapter 4, or
generated from vector datasets using the Feature to Raster tool on the Spatial
Analyst toolbar or the Features to Raster tool accessible from the Utility
menu on the HEC-GeoHMS Project View toolbar.

The Select HMS Processes tool should be used to define the Loss method
before using the Subbasin Parameters from Raster tool. The Subbasin
Parameters from Raster editor will only include parameters that can be
estimated for the select loss method. By default, the Total Storm Precipitation
and 2-Year Rainfall will be included. Parameters estimated using the
Subbasin Parameters from Raster tool will automatically populate the
subbasin layer’s attribute table. HEC-GeoHMS will export this information to
the HEC-HMS basin model file.

Steps

« Select Hydrologic Parameters - Subbasin Parameters from
Raster. The Subbasin Parameters from Raster editor is shown in
Figure 10-10. The parameter grids included in Figure 10-10 are for
the Initial and Constant loss method. Different input parameter
grids would be included if another loss method was selected.
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« Select the subbasin layer and all grid layers available for computing
basin average parameters. The grids are developed by the user and
should be added as layers in the data frame in order to be visible
from the dropdown. The grids should be in the same projection as
the subbasin layer.

o Press OK.

Table 10-1. Parameters Contained in the Subbasin Layer's Attribute Tables.

HEC-HMS Modeling Method Parameter Parameter Tag in
Subbasin Layer’s
Attribute Table
Initial+Constant Loss Method Initial Loss InitLoss
Constant Loss ConstLoss
Percent Impervious Pctlmp
SCS Curve Number Loss Method Initial Abstraction InitAbst
Curve Number BasinCN
Percent Impervious Pctlmp
Deficit Constant Loss Method Initial Deficit IDeficit
Maximum Deficit MaxDeficit
Constant Loss LossRate
Percent Impervious Pctimp
Green and Ampt Loss Method Initial Loss InitLoss
Moisture Deficit WetDeficit
Wetting Front Suction WFSuction
Saturated Hydraulic Conductivity HyConduct
Percent Impervious Pctimp
Smith Parlange Loss Method Initial Content InitContent
Residual Content ResiContent
Saturated Content SatContent
Bubbling Pressure BubbPress
Pore Distribution PoreDist
Saturated Hydraulic Conductivity SatConduct
Percent Impervious Pctlmp
Soil Moisture Accounting Loss Canopy Storage MaxCanopS
Method
Surface Storage MaxSurfS
Soil Storage MaxSoilS
Tension Storage SoilTensS
Ground Water 1 Storage GW1MaxS
Ground Water 2 Storage GW2MaxS
Maximum Infiltration MaxSurdl
Soil Percolation MaxSoilPer
Ground Water 1 Percolation GW1MaxPer
Ground Water 2 Percolation GW2MaxPer
Percent Impervious Pctlmp
Exponential Loss Method Initial Loss InitLoss
Percent Impervious Pctlmp
SCS Unit Hydrograph Method Basin Lag BasinLag
Clark Unit Hydrograph Method Time of Concentration Tc
2Year Rainfall Rain2Yr
Specified Hyetograph Meteorologic Total Storm Precipitation TotStormP
Model
Precipitation Gage PrecipGage
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Input Subbasin
|5ul:u|:uasin1
Input Total Storm Precipitation Grid {optional)

Input 2-Year Rainfall Grid (optional)

Input Percentage Impervious Grid (optional)

Input Consktant Loss Grid (optional)

Input Initial Loss Grid {optional)

L]

L]

L]

K
% |6 (% % |E |

L]

L]

K Cancel Environmenks., .. Show Help ==

Figure 10-10. Subbasin Parameters from Raster Editor.

The subbasin averaged hydrologic parameters are stored in the subbasin layer’s
attribute table and will be exported to the HEC-HMS basin model file.

Subbasin Parameters from Features

This function operates on polygon features and computes the average
hydrologic parameter for each subbasin. The subbasin layer’s attribute table is
populated with the computed average parameter values. Before the Subbasin
Parameters from Feature tool can be used, the user must import the
parameter feature layer into the HEC-GeoHMS project geodatabase and assign
unique IDs to each feature. The parameter feature layer must be in the same
projection as the HEC-GeoHMS project.

« Use ArcCatalog and import the parameter layer into the HEC-
GeoHMS project geodatabase (same geodatabase as the subbasin
layer). After the parameter layer has been imported, use the Add
Data button and add it to the project data frame.

« Select Utility = Assign HydrolD. From the Assign HydrolD
editor, shown in Figure 10-11, choose the Input Feature layer and
check the box to overwrite existing HydroIDs. Press OK. After
this step, the attribute table for the parameter layer will contain a

10-11



Chapter 10 - Hydrologic Parameter Estimations HEC-GeoHMS User's Manual

new column named "HYDROID” and the column will be populated
with unique values.

* Assign HydrolD EI[E|E|1

Input Feature Class/Table Mame

| landuse

[+ Owverarite Hydral D' [optional)

Cancel Environments., .. Show Help ==

Figure 10-11. Assign HydrolD Editor.

Steps for using the Subbasin Parameter from Features tool

« Select Hydrologic Parameters - Subbasin Parameters from
Features. The Subbasin Parameters from Features editor is
shown in Figure 10-12.

« Select the Input Subbasin layer.
« Select the Input Parameter layer.
« Select the Parameter Tag.

The parameter tag is used by the program for populating the subbasin layer’s
attribute table. A unique parameter tag is associated with each parameter. The
list of parameter tags is controlled by the selected HMS process. Table 10-1
lists all the parameter tags and associated parameters. For example, the
parameter tag selected in Figure 10-12 is PCTIMP. This is the parameter tag
for percent impervious area.

« Select the attribute field in the parameter layer to be averaged for
each subbasin.

o Press OK.
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* Subbasin Parameters From Features EI[E|E|

Input Subbasin
| Subbasinl

Input Parameter Layer

| landuse
Parameter Tag
| PCTIMP
Parameter Field
| PERCENT_IM

Cancel Ervironments. .. Show Help ==

Figure 10-12. Subbasin Parameters from Features Editor.

The selected parameter in the Parameter Field is now estimated as an average
quantity over each subbasin. An attribute field is populated with data in the
subbasin layer’s attribute table. This information will be exported to the HEC-
HMS basin model file.

Muskingum-Cunge and Kinematic Wave Parameters

This tool facilitates manual entry of Muskingum-Cunge and Kinematic Wave
routing parameters. In most cases, the user will not be able to get accurate
channel geometry from the DEM, which is often too coarse. However, the user
can use as-built drawings, photos, survey data, and other information that show
channel shape and geometry as shown in Figure 10-13. This information can
provide a basis for the user to specify channel dimension, shape, and other
parameters.
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¥ Scale Image

:

Steps
« Select at least one river segment.

« Select Hydrologic Parameters - Muskingum-Cunge and
Kinematic Wave Parameters.

« Choose the River layer.

« Enter the bottom width of the channel, channel side slopes, and the
channel’s roughness coefficient (Manning’s n) as shown in Figure
10-14. The user must enter the bottom width in the units of the
HMS model because unit conversion will not be performed.
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) Muskingum-Cunge and Kinematic Wave Parameters

Enter Muskingum-Cung and Kinematic Wave parameters

Battorn Width [t ar m]

Side Slope [=H : 1%] |[Eurrent\:"alue]

Manning's M |[Eurrent Walue]

Muzkingum Cunge Shape |Triangular ﬂ

Kinematic ‘wawe Shape |Triangular j
k. | Help | Cancel |

Figure 10-14. Muskingum-Cunge and Kinematic Wave Parameters.

This function creates or updates the following attribute fields in the river layer.

« ChnShapeMusk: Muskingum-Cunge channel shape.
« ChnShapeKine: Kinematic Wave channel shape.

« ChnWidth: Channel width.

« ChnSdSlp: Channel side slope.

« ChnManN: Channel Manning’s n.

Time of Concentration

The time of concentration is estimated in accordance to the Natural Resource
Conservation Service (NRCS) TR-55 methodology. The following
information is required to estimate travel time: two-year 24-hour rainfall
amount, slopes, flow distance of precipitation excess on the land’s surface for
the three NRCS flow regimes - sheet flow, shallow concentrated flow, and
channel flow. These inputs are used to populate a Microsoft Excel template
spreadsheet. Users are encouraged to check and overwrite these GIS derived
parameters as well as provide additional inputs, such as Manning’s roughness
coefficient, channel cross-sectional area, and wetted perimeter. Users have full
control over the spreadsheet to make changes to parameters and even
equations, as appropriate.

The spreadsheet is launched from a HEC-GeoHMS menu. Oftentimes, HEC-
GeoHMS is unable to locate Excel because of the various directories in which
Excel can be installed. The user can help HEC-GeoHMS locate Excel by
opening the Excel template, named “tcV3.xls”, before selecting Hydrologic
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Parameters - TR55 Export to Excel. If HEC-GeoHMS was installed to the
default location then this file is located in the following directory, C:\Program
Files\HEC\HEC-GeoHMS\bin.

The user should estimate the two-year 24-hour rainfall before running the TR-
55 tools. The "Rain2Yr" field in the subbasin layer’s attribute table should be
populated. These values could be entered manually or the Subbasin
Parameters from Raster or Subbasin Parameters from Features tools could
be used. To be consistent with the TR-55 method, the precipitation intensity
value should be in inches.

TR55 Flow Path Segments

This tool is used to define different flow regimes along the longest flow path.
This tool places two points along the longest flow path for each subbasin. If no
subbasin has been selected, the function processes all the subbasins. The first
point, AA, marks the break between sheet flow and shallow concentrated flow.
Point AA is by default located about 100 feet from the watershed divide along
the longest flow path. The second point, BB, marks the break between shallow
concentrated flow and the channel flow. Point BB is by default located where
the longest flow path first encounters or intersects the channel. The user can
manually edit the location of these points; however, they must fall on top of the
longest flow path.

Steps
« Select Hydrologic Parameters - TR55 Flow Path Segments.

« Select the subbasin, river, and longest flow path layers in the TR55
Flow Path Segments Computation editor, as shown in Figure
10-15. Enter a name for the new “Flow Break Points” layer or
accept the default name.

o Press OK.
#' TR55 Flow Path Segments Computation @
Subbasin |SubbasinZ61
Riner |Hiver251

Led Lo Lo

Longest Flaw Path |LnngestFIprath2E§1

Flow Break Points |FIDwEreakPDint$2E§1

(1] 4 | Help | Cancel |

Figure 10-15. TR55 Flow Path Segments Computation Editor.
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The tool creates the flow break point layer as shown in Figure 10-16. This
layer contains a field titled "Name" which indicates whether the point is an
"AA" or a "BB" point.

Figure 10-16. Flow Path Break Pofnt Computation Result.

Once these points are placed by the program, the user has the flexibility to
move them using the editing tools. The points must be located along the
longest flow path.

The user can also apply the Interactive Flow Path tool Z to specify a
different longest flow path, see subsequent section.

Interactive Flow Path

The user can use the Interactive Flow Path tool # to generate an alternative
longest flow path.

Steps

. Select the Interactive Flow Path tool # |

« Click on the location of the most hydraulically remote point in the
subbasin

The tool shows the user the flow path for the location selected and allows the
user to accept or reject the updated longest flow path. If the flow path is
replaced, then attribute information will be updated.

TR55 Flow Segment Parameters

This function calculates the length and slope for the TR55 flow paths. It
operates on a selected set of subbasins. If no subbasins are selected, the
function processes all the subbasins.

The function extracts the elevations from the terrain at the starting and ending
points of the longest flow paths and at the AA and BB flow break points.
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Lengths are measured along the longest flow path between the four points of

interest.

The function creates or updates the following fields in the longest flow path

layer.

ChSlopeFpf: Slope for the TR55 channel flow segment (ft/ft)
between point BB and the end of the channel.

ChLengthFt: Length of the TR55 channel flow segment (between
the BB flow break point and the outlet of the sub basin) (ft).

ShSlopeFpf: Slope for the TR55 shallow flow (overland flow)
segment (ft/ft) between most remote point and AA.

ConShLengthFt: Length of the TR55 concentrated shallow flow
segment (between AA and BB flow break points) (ft).

ConShSlopeFpf: Slope for the TR55 concentrated shallow flow
segment (ft/ft) between point AA and BB.

ShLengthFt: Length of the TR55 shallow flow (overland flow)
segment (between start of the longest flow path and the AA flow
break point) (ft).

Export TR35 Data

This function exports the data for the TR55 flow segments to a Microsoft Excel
template workbook. The function operates on a selected set of subbasins in the
subbasin layer. If no subbasin has been selected, the tool processes all the

subbasins.

In the Excel spreadsheet, as shown in Figure 10-17, the blue areas (if the
document is displayed in color) contain the data brought in from HEC-
GeoHMS. The user can overwrite them if necessary, but those changes will
not be transferred back to HEC-GeoHMS. The green areas contain data;
however, the user should verify and edit these values to better reflect field
conditions. The white and yellow areas contain computed values; therefore
they should not be modified in any way. They will be recomputed whenever
there are changes to the blue and green areas.
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soft Excel - Tc1.xls

v X

nsert  Format  Tools Data  Approwelt  Window  Live Meeting  Help  Adobe PDF

N W I R R R R ) P 20 o BLUISESS|S %0 R
F38CE - b3

1 | 2 | 3 | 4 | 5 | 3
Worksheet for computation of time of travel according to TR-55 methodology
Blue - GIS defined, Green - user specified, White and yellow - calculated, Red - final result

Sheet Flow Characteristics

Sheet Flow Tt (hr)
Shallow Concentrated Flow Characteristics

Awerage Welocity - computed (fiés) 1.30 1.39
Shallow Concentrated Flow Tt (hr) 4.19 239

Channel Flow Characterisitics

hecrmjfiWly Documents\HEC_Projects\BosguetgeoHMS\northbosguetnorthbosgue. mdb

Figure 10-17. TR55 Travel Time Computation Spreadsheet.

The Excel spreadsheet will be stored automatically in the project directory
within a folder named "XLSFiles". Once the travel time of each subbasin is

MR

estimated, the user can press the calculator button,
the travel times back to HEC-GeoHMS.

, to transfer

The tool updates the following fields in the subbasin layer's attribute:

« Tc: Basin time of concentration (hours).
. BasinLag: Basin lag (hours), computed as 0.6*Tc.

« LagMethod: Method used for lag computations. The entry will be
"TR55" for basins in which the TR55 method was used.

CN Lag Method

The CN Lag Method tool computes the basin lag time according to the
equation below. This equation is based on the curve number method as
described in the NRCS National Engineering Handbook, 1972 and was
developed for application to watersheds of less than 2000 acres. The tool
operates on a selected set of subbasins in the subbasin layer. If no subbasin has
been selected, the function processes all the subbasins.

The user must populate the “BasinCN” and “BasinSlope” fields in the subbasin
layer’s attribute table before using this tool. The Subbasin Parameters from

10-19




Chapter 10 - Hydrologic Parameter Estimations HEC-GeoHMS User's Manual

Raster or Subbasin Parameters from Features tools can be used to estimate
these parameters. A slope grid can be computed using the Slope tool on the
Terrain Preprocessing menu (Arc Hydro Tools toolbar) or the Slope tool
accessible from the Spatial Analyst toolbar.

(L% (5+1) )

Lag =
(1900 * Y )

Where:  Lag = basin lag time (hours)
L = hydraulic length of the watershed (feet)

CN values between 50 and 95 are
S= ———10  appropriate for this equation.

Y = basin slope (%)
This tool creates or updates the following fields in the subbasin layer’s
attribute table:
« BasinLag: Basin lag (hours).

. LagMethod: Method used for lag computations. For subbasins in
which the CN lag method was used, the entry will be "CNLag".
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CHAPTER 11

Hydrologic Modeling System

HEC-GeoHMS develops a number of
hydrologic inputs for HEC-HMS:
background shape files, basin model file,
grid-cell parameter file, and meteorologic
model files. This chapter will discuss the
tools for generating HEC-HMS model
files. Below is an outline of Chapter 11.

Contents

Map to HMS Units

HMS Data Check
HEC-HMS Basin Schematic
HMS Legend

Add Coordinates

Prepare Data for Model Export
Background Shape File
Basin Model File

Grid Cell File

Meteorologic Model

Create HEC-HMS Project

Map to HMS Units

This step converts the physical characteristics of reaches and subbasins to a

Data Managemenk
Map ko HMS Units

Check Data

HMS Schemakic
Toggle Legend

Add Coordinates

Prepare Data for Model Export:

Background Shape File
Basin Model File
arid Cell File

Met Model File
Create HEC-HMS Project

Impart

user-selected unit system. The user has the option to convert the map units to

English or International System (SI) units.

Steps

« Select HMS - Map to HMS Units.
« Confirm the correct layers are selected in the Map to HMS Units

dialog as shown in Figure 11-1.
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£ Map to HMS Units

Fraw DEM [RawDEM |

Subbasin |Subbasin261 =]

Longest Flow Path |LnngestFIprath251 L]

Centraidal Longest Flow Path |EentrnidaanngestFIprath2E1 j

River |Hiver2l3'| ﬂ

Centroid |Eentru:uiu:|2l31 lJ
1] 4 | Help | Cancel |

Figure 11-1. Map to HMS Units Editor.

« Select English or SI from the dropdown menu as shown in Figure
11-2 and press OK.

P Select unit type for HMS Model

Select the Unit bppe for HMS Unit Conversion

|English =
5|

k. | Help | Cancel |

Figure 11-2. Select Units for HMS Model.

« Press OK in the confirmation message box.

The unit conversion operation results in additional columns added to the
attribute table for the subbasin and river layers. The new columns will end in
“HMS”. For example, a column named "Area_ HMS" is added to the subbasin
layer’s attribute table. The units for the data in this column will be square
miles or square kilometers, depending on the selected unit system.

HMS Data Check

This step checks the datasets for consistency in describing the hydrologic
structure of the model. For example, the program checks to make sure unique
names were used for river reaches and subbasins. In addition, the program
checks that rivers reaches and centroids are contained within a subbasin. This
is needed for placement of the hydrologic element names and the hydrologic
element connectivity. In general, the program keeps track of the relationship
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between the stream segments, subbasins, and outlet points. These checks are
necessary because the relationships between hydrologic elements may have
been broken by unintentional use of subdivide and merge tools.

The program produces a text file, “SkelConsChk.txt”, which contains the
summary of the data check. This step does not fix any of the problems;
however, the user can fix the problems manually using HEC-GeoHMS or
HEC-HMS.

Steps
« Select HMS = HMS Check Data.

« Make sure the correct layers are selected in the HMS Check Data
editor, as shown in Figure 11-3, and press OK.

r

2" HMS Check Data

River |River261 Rl

Subbasin |Subbasin261 =l

Praject Point [ProjectPaint261 Ra

Centroid |Eentrnid251 LJ
(114 | Help | Cancel |

Figure 11-3. HMS Check Data Editor.

« Press Yes in the HMS Check Data dialog, Figure 11-4, to open the
check data log file.

r

HMS Check Data

Diata problem(s) found, Would you like to see logfile ?
LogFile=C:\Documents and Settingsigohecmifiiy Documents\HEC_Projects\HECGeoHMSDEY test projectsipistol creek 9try113kelConstCheck, bxt

Figure 11-4. HMS Check Data Dialog.

Figure 11-5 shows an example summary check data file. Problems identified
can be fixed using HEC-GeoHMS or HEC-HMS.
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! SkelConstCheck.txt - Notepad
File Edit Format Wiew Help
HMS Consistency Checking Log

Project: Pistol
File Creation Date: 7,/15/2008
File Creation Time: 03:18:21

checking uniguenass of names ...
Checking Riwver HydroID unigqueness:
End of checking Riwer HydroID unigueness - all IDs are unigue.
Checking River Mame unigueness:
End of checking Riwer name uniguensss - all Mames are unigue.
Checking Drainage aArea HydroID unigueness:
End of checking Drainage aArea HydroID unigueness - all IDs are unigue.
Checking Drainage Aarea Mame unigueness:
End of checking Drainage Area wname unigueness - all Mames are unigue.
Checking VIP Name unigueness:
End of checking wIP Wame unigueness - all Mames are unigue.

End of checking uniqueness of names.

Checking river containment...
End of checking river containment.

Checking centroid. ..
End of Checking centroid.

Checking river's connectivity...
End of checking river's connectivity.

Checking project points [VIP points]...
Checking vIP Point: Outletl x=2569283,1477641, w=524254,444652500
end of checking point: name=cutletl oid=l - wWo PROBLEM found.

End of checking project points [vIP points].

Checking Finished: 03:18:22

CHECKING SUMMARY

RO R W RN R RN

unigue names

River containment
Center containment
River connectivity
VIFP relevance

no problems.
no problems.
no problems.
no problems.
no proklems.

Figure 11-5. Check Data Result Summary.

HEC-HMS Basin Schematic

The HMS basin schematic is the GIS representation of the HEC-HMS model.
This tool will build a simple hydrologic network that contains HEC-HMS
model elements and shows their connectivity. This step creates an HMS Link
layer, which shows the connectivity, and the HMS Node layer, which shows
subbasin and junction node locations. Node locations for subbasins are placed
at the centroid of the subbasin.

Steps
« Select HMS - HMS Schematic.

« Review the input layers and make sure the correct layers are
selected in the HMS Schematic editor, shown in Figure 11-6.
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Accept the default or enter a new name for the "HMS Link" and
"HMS Node" layers and press OK.

[

HMS Schematic

Project Paint [ProjectPaintz61 |
Centroid (Centioid261 =l
River |F| iver2Bl LJ
Subbasin (S ubbasinZ61 |
HMS Link [HMSLink261
HMS Node [HMSNode261

1] 4 | Help | Cancel |

Figure 11-6. HMS Schematic Editor.

« Press OK at the confirmation message.
The HMS schematic with ArcGIS symbols is shown in Figure 11-7.

Figure 11-7. Initial HMS Schematic with the Regular Legend.
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HMS Legend

This tool uses the HEC-HMS element icons to represent point and line features
in the HMS Node and HMS Link layers. The user has the option to toggle
between the HMS Legend and the Regular Legend.
Steps

« Select HMS - Toggle HMS Legend.

« The user can toggle between HMS Legend and Regular Legend.

The schematic with the HMS Legend is shown in Figure 11-8.

Figure 11-8. Schematic with HMS Legend.

Add Coordinates

This step attaches geographic coordinates to features in the HMS Node and
HMS Link layers. The coordinates are added to the attribute tables. The
attachment of coordinates allows GIS data to be exported to a non-proprietary
ASCII format and still preserves the geospatial information.
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Steps
« Select HMS = Add Coordinates.

. Make sure the correct layers are selected in the Add Coordinates
editor, shown in Figure 11-9, and press OK.

3

#' Add Coordinates

Raw DEM j
HM3 Link IHMS Link261 -
HM3 Hode IHMSNode261 |

1].4 | Help | Cancel |

Figure 11-9. Add Coordinates Editor.

Figure 11-10 shows the attribute table for the HMS Node layer. The
"CanvasX" and "CanvasY" fields contain the coordinate location for the
hydrologic elements. The HMS Link layer contains additional information
that describes orientation and flow direction for reach elements.

.

B Attributes of HMSMode 261

[ SrcType [ CanvasX [ CanvasY | Elevation DownElemiD [ HyElemType | e
b 0 256926315 524254 44 55315 1 | Sink
1 |2566379.52 50296675 | 104133 | 295 | Subbasin
2256716815 | 504424 44 | 101413 442 | Junction i
1 | 256506284 | 504791 06 | 10659 | 295 | Subbasin
1 | 257067O.28 | 50354335 1081 5 | 303 | Subbasin
2257112815 507154 44 | 995 44 | 441 | Junction
12571497 73 50754378 101655 | 306 | Subbasin
2257094515 50733444 | 99375 | 440 | Junction
1 256984315 505294 73 | 1021 .52 | 306 | Subbasin
1| 25732867 | 50773268 | 1024 5 | 303 | Subbasin
125705354 49 50741086 | 1006 .03 | 313 | Subbasin
2257082515 508234 44 | 98631 | 439 | Junction
1 256816716 50624533 | 10134 | 313 | Subbasin
1257129389 50826637 | 1016.21 | 318 | Subbasin
22570685515 50677444 | 95312 | 438 |Junction
1256173045 505634 65 | 1042 .97 | 321 |Subbasin o
| *
Recnrd:ﬂJlJ 1 _}Jij Shiowy; W Selected Records (0 ouk of LI

Figure 11-10. Attribute Table for the HMS Node Layer Populated with Coordinates.
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Prepare Data for Model Export

An HMS basin model file contains the hydrologic data structure, which
includes the hydrologic elements, their connectivity, and related parameters.
HEC-GeoHMS can export some of the hydrologic parameters to the HMS
basin model file; however, the user must finish parameterizing the basin model
once it is imported into HEC-HMS.

Steps
« Select HMS - Prepare Data for Model Export.

« Make sure the correct subbasin and river layers are selected in the
Prepare Data for Model Export editor, shown in Figure 11-11, and

press OK.
Subbasin |Sul:u|:|asin25'| j
River |F|iver251 ﬂ
(1] 4 | Help | Cancel |

Figure 11-11. Prepare Data for Model Export Editor.

This tool will gather parameter data stored in the attribute tables for the
subbasin and river layers and prepare it for export to the HEC-HMS basin
model file.

Background Shape File

Background shape files capture the geographic information of the subbasin
boundaries and stream reaches. HEC-HMS contains options for adjusting the
display properties of shape files, polygons and line properties.
Steps

« Select HMS - Background Shape File.

. Make sure to select the subbasin and river layers in the Background
Shape File editor, Figure 11-12. Press OK.
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=

Background Shape File

Subbasin |Sul:u|:uasin2l3'l j
River |Hiver251 j
(114 | Help | Cancel |

Figure 11-12. Background Shape File Editor.

« The shape files will automatically be saved to the same directory as
the project folder.

The HEC-HMS User's Manual shows how to load background shape files. The
shape files should be copied from the HEC-GeoHMS project directory to the
HEC-HMS project directory before loading the files into an HEC-HMS
project. This should help in managing model files and make it easier to pass an
HEC-HMS project from one computer to another.

Basin Model File

The basin model captures the hydrologic elements, their connectivity, and
related geographic information in an ASCII text file that can be loaded into an
HEC-HMS project.

Steps
. Select HMS - Basin Model File.
« Make a note of the filename and its location and press OK.

An example basin model file, in ASCII format, is shown in Figure 11-13. This
file can be imported directly into an HEC-HMS project. The HEC-HMS
User’s Manual describes how to import basin model files into an existing
HEC-HMS project.
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I® Pistol. basin - Notepad

File Edit Format Wiew Help
Easin: Pistol ”
Description: GeoHMs Pistol
Last Modified Date: 6,24/2008
Last modified Time: 10:47:02
varsion: 3.2.0
Unit System: English
arid cell File: Pistol.mod
Missing Flow To Zero: Mo
Enable Flow ratio: no
Allow EBlending: Mo
. Compute Local Flow At Junctions: No
End:

subbasin: w90
Cescription:
Camsas xX: 2566379, 51708084
Camsas vi: G02966. FE0497462
Lahel =: 16
Labhel v: 16
Area: 0.242834132
Downstream: J298
LossRate: Initial+Constant
Percent Imperwvious area: 49
Initial Loss: 49
Constant Loss Rate: 49
Transform: Clark
Time of Concentration: 0.569893676
Storage Coefficient:
BasefTow: Mone

End:

'
Figure 11-13. Example HEC-HMS Basin Model File.

Grid-Cell File

This tool generates the grid cell parameter file that HEC-HMS requires in order
to use gridded precipitation, a gridded loss method, or the ModClark transform
method. The Grid Cell Processing step is required before the grid cell file can
be created. You can access the Grid Cell Processing tool by selecting
Hydrologic Parameters - Grid Cell Processing.

HEC-GeoHMS will create an ASCII file that contains the gridded subbasin
information and automatically save it to the project directory. Appendix A
describes the format of the grid cell file. The grid-cell parameter file contains
the x and y coordinates, grid cell area, and travel length to the subbasin outlet
for each grid cell. The coordinates refer to the lower left corner of the grid
cell. Appendix B shows how to compute the grid cell coordinates for both the
SHG and HRAP grids. Figure 11-14 shows an example grid cell file. This file
is divided into blocks of text for each subbasin. Each block of text lists the
grid cells located in the subbasin and the coordinates, area, and travel length of
each grid cell.
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File Edit Wiew Insert Format Help
DelEd && # &y
Parameter Order: Xcoord ¥Yooord Travellength Area b
End:
Subla=sin: W210
GridCell: 5378 7373 0.2382 0.0011
GridCell: 5379 7373 0.2091 0.02z7
GridCell: 5380 7373 0.3729 0.0155
GridCell: 5379 7374 0,2091 0
GridCell: 5380 7374 0.3729 0
GridCell: 5378 7374 0,1352 0.0004
GridCell: 5381 7372 0.678%2 0.0003
GridCell: 5379 7373 0,2113 0.0003
GridCell: 5379 7373 0.1873 0.0001
GridCell: 5381 7373 0.6113 0.0038
GridCell: 5381 7373 0.6641 0.0001
GridCell: 5381 7373 0.6963 0.0005
GridCell: 5379 7374 0.0962 0.0111
End:
Subbasin: W390
GridCell: 5380 7373 0.4523 0.0088
GridCell: 5381 7373 0.55923 0.0139
GridCell: 5382 7373 0.9062 O P
For Help, press F1 IR

Figure 11-14. Example Grid Cell Parameter File.

Steps
« Select HMS - Grid Cell File.
« Make a note of the filename and its location and press OK.

The grid cell file should be copied from the HEC-GeoHMS project directory to
the HEC-HMS project directory. This should help in managing model files
and make it easier to pass an HEC-HMS project from one computer to another.

Meteorologic Model

It is not necessary to create meteorologic model files in HEC-GeoHMS;
however, the tool is available and can be useful for creating the User Gage
Weights and Inverse Distance meteorologic models. HEC-GeoHMS contains
three options for creating a meteorologic model, as shown in Figure 11-15. All
three meteorologic model options create a meteorologic model file (*.met
extension) and a gage file (*.gage extension). The gage file contains a list of
precipitation gages used by the meteorologic model.
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HMS + Uity = 3 t... ar b= 2 |HESEWDir j .:? Hel

Data Managenment

Map to HMS Units

Check Data

HrM3 Schematic
Toggle Legend »

Add Coordinates

Prepare Data For Model Export

Background Shape File
Basin Model Fila

rid Cell File

Mek Madel File Specified Hyetograph
Create HEC-HMS Project GGage Weights

Irnport Inverse Distance

Figure 11-15. Options for Creating a Meteorologic Model.

When Specified Hyetograph is selected, HEC-GeoHMS will create
meteorologic models that use the Specified Hyetograph method. The specified
hyetograph option allows the user to specify a total storm depth for each
subbasin. The user needs to enter information in the "TotStormP" field in the
subbasin layer’s attribute table, as shown in Figure 11-16. This can be done
manually or by using the Subbasin Parameters from Raster tool available
from the Hydrologic Parameters menu. The user should also populate the
“PrecipGage” field in the subbasin layer’s attribute. This field is used to
associate a precipitation gage to each subbasin. If no gage is identified then the
program will assign a gage name to each subbasin.

B Attributes of Subbasind

HydrolD | DrainlD | De=scription [ PrecipGage i TotStormP | LossMet | TransMet
| S0 S0 | =Mull= Gage 1 =Mull= SCE Clark
| =1 51 [ =Mull= Gage 1 =Mull= SC5 Clark
| a2 92 | =Mull= Gage 1 =Mull= SCE Clark
| a3 23 | =Mull= Gage 1 =Mull= SCS Clark
u o4 24 |=Mull= Gage 1 =Mull= SCE Clark
| 25 55 |=Mull= Gage 1 =Mull= SCE Clark
| 56 56 | =Mull= Gage 1 =Mull= SCS Clark
| a7 57 | =Mull= Gage 1 =Mull= SCE Clark
| 53 58 | =Mull= Gage 1 =Mull= SC5 Clark
| 29 29 | =Mull= Gage 1 =Mull= SCE Clark
| B0 B0 | =Mull= Gage 1 =Mull= SCS Clark
u B1 B1 |=Mull= Gage 1 =Mull= SCE Clark
| G2 B2 |=Mull= Gage 1 =Mull= SCE Clark

=% =Mull= Gace 1 =Mull= Ses Clark

B3
Figure 11-16. Attribute Table for Subbasin Layer.
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Steps for Specified Hyetograph Meteorologic Model

Select HMS - Met Model File - Specified Hyetograph.

Make sure the subbasin layer is selected in the Meteorologic Model
Definition editor, shown in Figure 11-17, and press OK.

Meteorologic Model Definition

Subbazin

|Subbasin] |

(1] 4 | Help | Cancel |

Figure 11-17. Meteorologic Model Definition Editor.

A window will open letting the user define the name and location of
the meteorologic model file. The gage file will be saved using the
same name. Accept the default name when creating only one
meteorologic model.

Steps for Gage Weights Meteorologic Model

The Gage Weights option will create a meteorologic model for the Gage
Weights method. This option requires the user to have created a Thiessen
polygon layer. The following steps show how to create a Thiessen polygon

layer.

Using ArcCatolog, import the precipitation gages into the HEC-
GeoHMS project geodatabase (import into the same location as the
subbasin layer). Also, make sure the precipitation gages are in the
same projection as the subbasin layer and the precipitation gage
layer’s attribute table contains a field titled “name”.

Assign a unique hydro ID to each precipitation gage. Select Utility
- Assign HydrolD.

Choose the precipitation gage layer in the list and check the box to
overwrite existing hydro IDs in the Assign HydrolD editor, as
shown in Figure 11-18. Press OK.

* Assign HydrolD EI[E|EF
.S

Input Feature Class/Table Mame

| gagess

5 o

v Ovenwrite HydrolD [optional)

O | Cancel Environments. .. Show Help ==

Figure 11-18. Assign HydolD Editor.
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. Select Utility - Gage Thiessen Polygon.

« Make sure the raw DEM and precipitation gage layers are selected
and enter a name for the Thiessen polygon layer in the Gage
Thiessen Polygon editor, as shown in Figure 11-19.

* GageThiessen Polygon E| E| E|

Impuk Raw DEM
| RawDEM
Inpuk Gage Paink Layer

|';|agn352
Cutput Gage Polygon
| C\DOCUMENTS AND SETTINGS\ADMIN\DESKTOPIPISTOL CREEKpistolcre [

Ik | Cancel Environments., ., Show Help ==

Figure 11-19. Gage Thiessen Polygon Editor.

« Anexample Thiessen polygon layer is shown in Figure 11-20.

A

Figure 11-20. Thiessen Polygons.
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Select HMS - Met Model File=> Gage Weights.

Make sure the correct subbasin and Thiessen polygon layers are
selected in the Weighted Gage editor, shown in Figure 11-21,
before pressing the OK button.

" Weighted Gage

Subhasin [Subbasin |
Gage Palygon |ThiessenF‘-:||_l,l j
0K | Help | Cancel |

Figure 11-21. Weighted Gage Editor.

A window will open letting the user define the name and location of
the meteorologic model file. The gage file will be saved using the
same name. Accept the default name when creating only one
meteorologic model.

A new polygon layer will be created that shows the intersection of
the subbasin layer and the Thiessen polygon layer. This layer
shows the gages used to compute the basin average precipitation for
each subbasin.

Steps for Inverse Distance Meteorologic Model

The Inverse Distance option will create a meteorologic model for the Inverse
Distance method. This option requires the user to have a precipitation gage
layer. The following steps show how to prepare a precipitation gage layer and
use the Inverse Distance meteorologic model tool.

Using ArcCatolog, import the precipitation gages into the HEC-
GeoHMS project geodatabase (import into the same location as the
subbasin layer). Also, make sure the precipitation gages are in the
same projection as the subbasin layer and the precipitation gage
layer’s attribute table contains a field titled “name”.

Assign a unique hydro ID to each precipitation gage. Select Utility
- Assign HydrolD.

Choose the precipitation gage layer in the list and check the box to
overwrite existing hydro IDs in the Assign HydrolD editor, as
shown in Figure 11-18. Press OK.

Select Utility - Add Latitude Longitude.

Make sure the precipitation gage layer is selected in the Add
Latitude Longitude editor, shown in Figure 11-22, and press OK.

Latitude and longitude coordinates will be added to the precipitation gage
layer's attribute table.
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* Add Latitude Longitude E][E|E|
Py

Inpukt Paink Layer

|RainGages j g

b

Ok | Cancel Environments., ., | Show Help == |

Subbaszin

Centroid

Gage Paint Layer |F| ainGages

Figure 11-22. Add Latitude Longitude Editor.

Use the Add Latitude Longitude tool to also assign coordinates to
the centroid layer.

The inverse distance meteorologic model can be created after the
coordinate information is added to the precipitation gage and
centroid layers. Select HMS - Met Model File = Inverse
Distance.

Make sure the correct subbasin, subbasin centroid, and precipitation
gage layers are selected in the Inverse Distance editor, shown in
Figure 11-23, before pressing the OK button.

&' Inverse Distance

|Subbasint

|Eentru:uiu:|‘|

Lol Lo Lo

1] 4 | Help | Cancel |

Figure 11-23. Inverse Distance Editor.

A window will open letting the user define the name and location of
the meteorologic model file. The gage file will be saved using the
same name. Accept the default name when creating only one
meteorologic model.

Create HEC-HMS Project

You do not have to use the Create HEC-HMS Project tool to create an HEC-
HMS project. You can use HEC-HMS to create a project and then import the
basin model and background map shape files. The HMS Project Setup tool
creates a subdirectory and copies all HEC-HMS project files that were created
by HEC-GeoHMS to this subdirectory. This includes the basin, meteorologic,
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gage, grid cell, and background map files. It also creates the *.HMS file that
contains the HEC-HMS project information.

Steps
. Select HMS - HMS Project Setup.

« Choose a directory for the HEC-HMS project and select the Basin
and Met files to be copied to the project location in the Create
HMS Project editor, shown in Figure 11-24. Then create a
simulation run by defining the Run Name, Start and End times and
the simulation Time Interval. Press OK.

=
M Create HMS Project

Select HMS Project Location |E:'\|:Iass @
Select Basin File |E:'\Dn:u:uments and Settingz’\AdminhDesktophPistal Creekhpiztoloreek hpiz @
Select ket File |E:"-.D|:u:uments and Settings'AdminsDeskiophPistol Creek\pistolcreek\pis @
HMS Run Name \Sirnulation 1

Simulation Start Date Time | 0101 /2000:12:00:00 =]
Simulation End Date Time | 01/02/2000:12:00:00 =]

Tirne Intereal (Minutes) &0

] | Help | Cancel

Figure 11-24. Select Project Location Editor.

Once imported into HEC-HMS, parameters not estimated from GIS data will
need to be defined. In addition, quality control of the input generated by HEC-
GeoHMS should be performed before computing simulations and viewing
results from the HEC-HMS model.
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CHAPTER 12

Utilities
Tools available from the Utilities menu assist in the estimation of hydrologic
parameters. You do not have to use these tools to create an HEC-HMS project.
This menu contains tools for creating a
curve number grid, parameter grids,
Thiessen polygons, and a tool for

extracting the latitude and longitude Generate CN Grid
coordinates for a point layer.

Assign HydrolID

Features to Rasters
Contents

i Generate ASCIT Grid
e Assign HydrolD

o Generate CN Grid Generate 055 From &5CIT Grid
o Features to Rasters _
o Generate ASCII Grid Gage Thiessen Palygon

o Generate DSS from ASCII Grid
e Gage Thiessen Polygon

o Add Latitude Longitude

« Change Project Point

#dd Latitude Longitude

Assign HydrolD

The Assign HydrolD tool should be used for GIS layers that were not created
by HEC-GeoHMS, like rain gage and land use layers. This tool will create
HydrolDs, a unique identifier, for each feature in the selected layer.

Steps
« Select Utility > Assign HydrolD.

« Select the Input Feature Class and check the box to Overwrite
HydrolD in the Assign HydrolD editor as shown in Figure 12-1.

* Assign HydrolD

Input Feature Class Table Mame
|gages2 x| =

[+ Owenarite HudrolD [optional)

Ok | Cancel Ervironments. .. Show Help ==

Figure 12-1. Assign HydolD Editor.
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Generate CN Grid

The Generate CN Grid tool is useful for creating curve number grids. In order
to use this tool you must create a polygon layer that merges both land use and
soil type data. The following description shows how to create a land use / soil

type layer.

Before merging land use and soil type polygon layers together, the attribute
table for both layers must contain specific column headings. Figure 12-2
shows an example soil type polygon layer. Notice the attribute table contains
columns named “PctA”, “PctB”, “PctC”, and “PctD”. These columns contain
the percentage of each hydrologic soil group (A, B, C, and D) in the soil layer
polygons. The user must add these columns to the soil layer and populate the
attribute table. This information can be found using the State Soil Geographic
(STATSGO) database or the county Soil Survey Geographic (SSURGO)
database. Both soil databases are available from the Natural Resources
Conservation Service, http://soils.usda.gov/. Figure 12-3 shows an example
land use polygon layer. Notice the attribute table contains a column named
“Landuse”. This column contains a unique numerical value for each land use
type. The user must add this column and populate the attribute table. Any land
use layer can be used, publicly available or user created.

Use the Union tool to merge the land use and soil type layers. The union tool
will include attributes from both layers in the merged dataset. The Union tool
is available from the Analysis Tools - Overlay toolbox. Figure 12-4 shows
the attribute table of the land use / soil type layer after the union operation.
Notice the attribute table contains "Landuse", "PctA", "PctB", "PctC", and
"PctD" columns.
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Soil Layer
[ ] 2
] 27
P Thtag

B Attributes of Soil Layer

OBJECTID Shape * HydrolD Shape_Area Shape_Length Soil_Symbol PctA |{ PetB | PetC | PetD
1 |Polygon 105 | 263499264 951316 130467 671664 |TR121 =0 =10 o} o}
2 Polygon 106 30535458 26049 55090255312 TR 34 o 100 0 0
3 Polygon 107 TaTE027E.TE7IN 25296300734 TR 27 ] ] 100 o}

Figure 12-2. Soil Layer with Attribute Table.
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Land Use Layer

[ ] commercial

[ Jorass

[ ouarry

[ residential high density
[ residential low density
[ Jtree
[ ] water

P
E Attributes of Land Lse Layer

OBJECTID* | Shape® | Shape_Area | Shape_Length | TYPE_ | PERCENT_IM | HYDROID | Landuse ] LUValue |
H 1 |Palygon 33336066.212064 | 132237 650708 | residential high density 30 108 1 1
| 2 |Palkygon 29723061 777158 | 150540172624 |commercial 5 109 2 2
| 3 |Palygon 122348665 560695 787709.94796 grass 5 10 3 3
| 4 |Palygon 6561904 625319 20079.00019 | quarry 10 11 4 4
H 5 |Palygon 130769394 727645 | 468131 813016 |residential lovw density 20 12 5 5
| & |Palygon 48005908.191818 | 711793.337364 tree 0 13 6 6
| 7 |Palygon 535362 654537 6971 748416 |water 100 114 7 7

Figure 12-3. Land Use Layer with Attribute Table.

E Attributes of Land_Use_Soil_Type

OBJECTID* | Shape® | Shape_Area | Shape_Length | TYPE_ | Soil_Ssymbol [ Landuse ] PetA | PetB | PetC | PetD |
| 32 Palygon 1215996728 565699243 |commercial Thit 21 2 &0 0 ] ]
| 3 |Palygan 28943902.829826 | 144543 599366 commercial TH121 2] 50| =0 ] ]
| 4 |Palygan 713975.297463 5699310158 | commercial 127 2 ] 0/ 100 ]
| 76 Palygon 1.670364 47727098 | commercial Thi121 2] &0 &0 ] ]
| 19 |Palygon 4806.120831 2006 637062 | commercial TH121 2] 50| =0 ] ]
| 73 |Palygon 23.393275 27.707596 | commercial TH121 2] 80| &0 ] ]
| 59 Palygon B0.068045 72693658 | commercial Thi121 2] &0 =0 ] ]
| 34 Palygon H3EE5HS 3326 402837 |commercial Thit21 2] 50| =0 ] ]
| 36 |Palygon 55957 385261 5036.508049 | commercial TH121 2] 80| &0 ] ]
| 52 Palygon B022 661634 782 639219 |grass Th127 3 ] 0 100 ]
| 50 Palygon 93576402 422 755545 |gracs Th127 3 ] 0/ 100 ]
| 48 |Palygon 80116842 186.037799 |grass 134 3 o/ 100 ] ]

Figure 12-4. Attribute Table for the Merged Land Use and Soil Type Layer.

The Generate CN Grid tool also requires a lookup table that relates land use
and hydrologic soil groups to a curve number. The user is required to create
the curve number lookup table. Figure 12-5 shows an example lookup table.
The lookup table must have fields named "LUValue", "A", "B", "C", and "D".
The "LUValue" column refers to the land use type. Numbers should correlate
to those in the "Landuse"” column from the land use/soil type layer. Columns




HEC-GeoHMS User's Manual Chapter 12 - Utilities

“A”, “B”, “C”, and “D” refer to the hydrologic soil group. These columns
should contain a curve number that is appropriate for the land use and
hydrologic soil group combination. For example, row 1 in Figure 12-5 shows
a curve number of 61 will be assigned to polygons that have a land use of 1
with a hydrologic soil group of A.

B Attributes of CNLookupTable

OID | OBJECTID | LUValue |A|B|C| D|
1 75|83 &7
89 92|84/ 95
57 65| 76| 54
95 55|98 95
81 55|91 |93
51 55|64 |72
95| 55| 98| 95

M A Wik = O
| m | & k=
| m | & k=

Figure 12-5. Example Curve Number Lookup Table.

The Generate CN Grid tool can be used after the merged land use and soil
type layers and curve number lookup table have been created.

Steps
« Select Utility - Generate CN Grid.

« Select the Hydro DEM, curve number polygon layer (land use/soil
type layer), and the curve number lookup table in the Generate CN
Grid editor as shown in Figure 12-6. Enter a name for the curve
number grid and press OK.

* Generate CN Grid E”EWEF

Input Hydro DEM

|Fil | J

Input Soil Landuse Polvgon

| inkersect_sail_landuse -

Input Curve Mumber Lookup
| ChLookupTable ﬂ

Cukput Curve Mumber Grid
=\ DOCUMENTS AND SETTINGS\ADMIN\DESKTOPIPISTOL CREEK\pistolcreekipistalcree (25

Cancel Environments. .. Show Help ==

Figure 12-6. Generate CN Grid Editor.
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The program will automatically add a "CN" field to the land use/soil type
attribute table and populate it with the computed curve number. Figure 12-7
shows an example curve number grid created by the Generate CN Grid tool.
This grid could be used to estimate the average curve number for each
subbasin.

CNGrid

- High : 99
- Low : 54.5

Figure 12-7. Curve Number Grid Computed by the Generate CN Grid Tool.
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Features to Raster

The Features to Raster tool can be used to convert a polygon layer to a raster
coverage. This can also be done using the Feature to Raster tool on the
Spatial Analyst toolbar. An example is used to describe the use of this tool.
For this example, a land use layer was reprojected to the same projection as the
SHG layer. The land use layer contains an impervious area estimate for each
polygon, as shown in Figure 12-8. The Zonal Statistics tool on the Spatial
Analyst toolbar was used to estimate the average impervious area value for
each 500 meter grid cell in the SHG layer, as shown in Figure 12-9. The
Feature to Raster tool was used to create a raster coverage with the same
extents and cell size of the SHG layer.

Steps
. Select the Utility > Features to Rasters.

« The Select features for converting to raster editor is shown in
Figure 12-10.

« Choose the parameter that the new raster coverage will represent in
the Tag Name drop down list. The list of names in the tag name
list corresponds to the parameter names in the subbasin layer’s
attribute table. If the polygon coverage you want to convert to a
raster does not correspond to one of the options in the list then
choose any tag name.

« Select the Feature input field to open another widow that will let
you select the polygon layer to convert to a raster coverage.

« The Field Name input field is used to select the field from the
selected layer’s attribute table. This field will be used as the
“value” in the raster coverage.

. Enter a name for the new raster coverage in the Output Name field.

« Choose an existing dataset to set the extents of the new raster
coverage. If trying to create a parameter grid for import into HEC-
DSS then it is important that the SHG or HRAP layer is used to set
the extent of the new raster coverage.

. Finally, set the cell size. If trying to create a parameter grid for
import into HEC-DSS then the cell size must be the same cell size
used in the Grid Cell Processing step.
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Land Use Layer

[ residential high density
I residential low densty

FID) Shape " OBJECTID T‘|"FE= PERCEHT=IM

0 [Palygon 1 |residential high density 30.000000
1 |Palygon 2 |commercial 5.000000
2 |Palygon 3 |grass S.000000

3 |Palygon 4 |quarry 10.000000
4 |Paolygon 5 residential lovy density 20.000000
5 |Palygon B [tree 0.000000

B | Palygon 7\ wvater 100.000000

Figure 12-8. Land Use Layer with Percent Impervious Area.
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Impervious Area
[ Jo-3

[ 4

P 1z-2
B - a0

| ERE

;
7
/

| Features | Field Mame | Output Hame

Cell Size in Data Units

Select a datazet for setting extent

ok | Help | Cancell

Figure 12-10. The Select Features for Converting to Raster Editor.
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Generate ASCII Grids

The Generate ASCII Grids tool will create an ASCII grid file that can be
imported into HEC-DSS. Precipitation and parameter grids must be in HEC-
DSS format in order to be used by HEC-HMS. The Generate ASCII Grids tool
lets the user choose the parameter for export and then it looks for specific
attributes in the Grid Cell Intersection layer (this layer is created by the Grid
Cell Intersect tool). These attributes must have specific column headings so
that they are recognized, see Table 10-1. The user must add these column
names and then compute an average parameter value for each grid cell. There
are a number of ways for manually populating the grid cell intersect layer. The
following example shows one approach for populating the grid cell intersect
layer with percent impervious data.

. Figure 12-11 shows a 500 meter SHG grid (created by the Grid
Cell Intersect tool) on top of the subbasin boundary layer. Figure
12-12 shows an impervious area grid for this same area.

« The zonal statistics tool, Spatial Analysis = Zonal Statistics, was
used to compute the average grid cell value for each 500 meter
SHG grid cell.

A new field titled "PctIimp" was added to the grid cell intersect layer. This
field was populated with output from the zonal statistics tool, as shown in
Figure 12-13. Figure 12-14 shows the grid cell intersect layer with the
"Pctimp” (percent impervious area) field displayed. The difference in Figure
12-12 and Figure 12-14 is the resolution of the grid. The original percent
impervious grid had a grid cell size of 50 meters, whereas the grid cell intersect
layer has a grid cell size of 500 meters.

Another option is to use the Subbasin Parameters From Raster or Subbasin
Parameters From Features tools to populate the Grid Cell Intersect layer
attribute table. Instead of selecting the Input Subbasin layer the user would
choose the Grid Cell Intersect layer. This tool will automatically populate the
grid cell intersect layer’s attribute table.
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Figure 12-11. Grid Cell Layer Displayed on Top of Subbasin Boundary.
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Percent Impervious
o

[ ]1-10
[nm-
B2 - a0
| L

Figure 12-12. Percent Impervious Grid.

f8| Attributes of GridCellintersect261

OBJECTID | Shape* | DrainD | Hame | Mod_Area | FlowLength | CellID | Cell_ Area | Cell X | Cell Y f Petlmp ]
| 1 |Palygon 92 |wyg20 0.000757 3216798 107 250000 46| 2844 [1 686670
| 2 [Palygon 93 w930 0112309 3026897 170 250000 2151 2944 4145830
| 3 [Polygon 93 w930 0.004508 3177404 191 250000 2152 29445000000
| 4 [Polygon 82 w520 0.009133 4.369028 24 250000 2144|2945 10.094300
| 5 [Polyaon 82 w520 0.004558 4034926 24 250000 2144|2945 10.094300
| & [Palygon 82 |wwg20 0.154487 4.20014 45 250000 2145 28455160060
| 7 [Palygon 82 |wyg20 0.049321 365503 B 250000 2146|2845 |4.927540
| & [Polyon 92 w920 0143534 2926913 108 250000 2148 2945 16.343539
| 3 [Polygon 52 w920 0123607 2625048 129 250000  2149) 2945 |14.198100
| 10 |Palygon 82 w320 0108143 2839169 150 250000 2150 28457722390
| 11 |Palygan 93 w930 0.044132 2450411 150 250000 2150 28457722390
| 12 |Palygan 93 w930 0.245091 2625521 171 2500000 51 2845 |4.615380
| 13 |Palygan 93 w930 0.081787 2563609 192 2E0000|  2152] 2945 4474430

Figure 12-13. Grid Cell Intersect Layer with Percent Impervious Area.
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GridC ellintersect261
Percent Impervious Area
[ ]1-m

[ J1z-22

[ 23-38

| ERS

| ERE

Figure 12-14. Average Percent Impervious Area for 500 Meter SHG.

Steps
« Select Utility - Generate ASCII Grids.

« Select the parameter tag to create the ASCII grid and the input grid
cell layer intersection layer, shown in Figure 12-15. The list of
parameter tags reflects the loss method selected using the Select
HMS Processes tool (this tool should be used before running the
Generate ASCII Grids tool). The attribute table for the grid cell
intersect layer should contain the appropriate field names. Press
OK.
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* Generate ASCIl Grid

Select parameter bag to create ASCII grid
| Curve Number j
Input Grid Cell Intersection
|,"5ridCeIIIntersect2 ﬂ =
w
(04 Cancel Environments. .. | Show Help == |

Figure 12-15. Generate ASCII Grids Editor.

The ASCII file will be saved to the HEC-GeoHMS project directory, the same
location as the geodatabase storing the subbasin layer. The ASCII file is
required for the next tool on the Utility menu, Generate DSS from ASCI|I
Grid. This tool is discussed in the next section. The ASCII file created by
HEC-GeoHMS will be in the same projection as the selected grid, HRAP or
SHG. Standard GIS tools can also be used to create ASCII grid files that can
be imported into HEC-DSS. The Raster to ASCI|I tool, available from the
Conversion Tools toolbox, is a more generic tool that can be used to convert a
grid in ESRI Grid format to an ASCII grid file. The user must create a raster
coverage before using the Raster to ASCII tool. It is important that the raster
coverage be in the same projection as the grid system, SHG or HRAP.
Appendix B provides more detail for both projections. In addition, the grid
coverage must have the same extents and cell size as the grid cell layer. The
grid cell layer is created by the Grid Cell Processing tool. The grid cell layer
shows the grid extents before the intersection with the subbasin boundary, as
shown in Figure 12-16. The layer is automatically added to the "GridCell"
data frame.
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Figure 12-16. Grid Cell Layer.

Generate DSS from ASCII Grid

This tool converts a grid in ASCII format to a grid in HEC-DSS format. Grids
must be in HEC-DSS format before they can be used by HEC-HMS. To open
this tool, select Utility - Generate DSS from ASCII Grid.

The Generate DSS from ASCII Grid editor is shown in Figure 12-17. At the
top of the editor, the user is required to select an ASCII grid file and choose an
existing or create a new HEC-DSS file. Then, the user can enter pathnames for
describing the data. The A-part pathname is used to describe the grid format,
either HRAP or SHG. If the SHG system is used then also include the cell
size, like SHG500. The B-part pathname is used to describe the project area.
This could be the name of the drainage basin. The C-part name is used to
identify the data type. The D- and E-part names are necessary if dealing with
time-series data, like precipitation data. If working with parameter grids, like
curve number, then leave the D- and E-part fields empty. The format for these
fields is "ddmmmyyyy:tttt" (01Jan2000:0100). Finally, the F-part name is
used to describe how the data was created, like "estimated” or "observed”. The
"Data Unit", "Data Type", and "Grid Type" fields contain drop down lists.
Refer to the HEC-HMS User’s Manual for a description of required units, data
types, and C-part pathnames.
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r

* Generate DSS from ASCII Grid E|@|E|

Input ASCII Grid File

Cutput 055 File
| CDocuments and Setkings!Admint DeskiopPiskol CreekpistalcreekiParameterGrid, dss

| CA\Documents and Settings!Admint DeskiopPistol Creekipistolcreek)pistolcreskChGrid.. g

Input D55 Part

| CURVE NUMBER. -l

Input 0SS Daka Unik

| INDEF -l

Input D35 Data Type

| INST-vaL -l

Input 035 Grid Type

| SHG -l
=

Input D35 Part & {optional)
Input 035 Part B {optional)
| Pistol Creek Watershed

Input 035 Part D (optional)

Input D35 Part E {optional)

Input D35 Part F {optional)
| Computed|

K | Cancel Environments. .. Show Help ==

Figure 12-17. ASCII Grid to DSS Editor.

Gage Thiessen Polygon

The Gage Thiessen Polygon tool will create Thiessen polygons given a point
layer. These polygons could then be used to compute gage weights for
determining subbasin average precipitation. The attribute table for the
precipitation gage layer must contain “name” and “HYDROID” fields.
HydrolDs can be added using the Assign HydrolD tool, available from the
Utility menu.

Steps
« Select Utility - Gage Thiessen Polygon.

« Select the input Raw DEM, input precipitation gage layer, and enter
a name for the output Thiessen polygon layer in the Gage Thiessen
Polygon editor, shown in Figure 12-18. Press OK.
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™

* GageThiessen Polygon ['._|['E|rz|
Inpukt Raw DEM
R awDEM ~ =
Input Gage Poink Laver -
|raingages ﬂ ﬁ

Cutput Gage Palyaaon

| Ci\Documents and Settings|Admint DeskkopPistal Creekpistolcreekipiste (2

Ik Cancel Environments., .. Show Help ==

Figure 12-18. Gage Thiessen Polygon Editor.

Figure 12-19 shows a Thiessen polygon layer created using five precipitation
gages. The Thiessen polygon layer can be used to compute the weights to
apply to each gage when computing subbasin average precipitation.

Figure 12-19. Thiessen Polygons Created by the Gage Thiessen Polygon Tool.
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Add Latitude and Longitude

The Add Latitude Longitude tool will add latitude and longitude coordinates
to any point layer. The only requirement for this tool is a point layer.

Steps
« Select Utility - Add Latitude Longitude.
« Asshown in Figure 12-20, choose a point layer and press OK.

| » 4dd Latitude Longitude E_|@|E|

Inpukt Paink Layer

| raingages

Zancel Environments. .. Show Help ==

Figure 12-20. Add Latitude Longitude Editor.

This tool will automatically add the latitude and longitude coordinates to the
point layer's attribute table, as shown in Figure 12-21.

B Attributes of raingages El@|§|

name | HYDROID | LatDMS | LongDMS |
- |Prxp 129 40_56_21 -79_0_31

' |oup 130 41_7_33 -78_45_50
- |mMFFP 131 40_55_48 -75_41_22

r

£

>
Record: ﬂjliﬂjﬂ Show: j

Figure 12-21. Latitude and Longitude Coordinates Added to the Rain Gage Layer.

Change Project Point

A project point is added when the Subbasin Divide tool is used to define a new
subbasin outlet. By default, this point will be treated as a junction. The point
can be changed to a Reservoir, Diversion, or Source element by using the
Change Project Point tool.
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Steps

« Select the new hydrologic element type for the project point,

| Reservair - ‘?

Qir

. Press the Change Project Point button, 4 .

« Place the mouse pointer on the project point and click the left
mouse button.

. Enter a name and description for the project point in the Add HMS
Element editor, shown in Figure 12-22.

The attribute table for the Project Points layer will be updated after the project
point type is changed. The attribute field “HyElemType” will show the
updated element type.

B pdd HMS Element

Faint Mame |Heser‘mir
D escription \Reservoir Element
k. | Help | Cancel

Figure 12-22. Enter the Project Point Name and Description in the Add HMS Element
Editor.
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CHAPTER 13

Example Application - American
River Basin

The purpose of this chapter is to illustrate the major steps in the development
of a hydrologic model using HEC-GeoHMS Version 5.0. The study watershed
is a portion of the American River Basin, just east of Sacramento, California.
The watershed consists of 4,817 square kilometers (1,860 square miles). The
digital elevation model has been assembled to represent the watershed terrain.
In addition, stream flow gages have been compiled into a data layer of gage
locations and will be used as delineation points.

Overview

This chapter provides a detailed example of how to perform a drainage analysis
on a digital terrain model for the development of an HEC-HMS model. The
following tasks will be performed in the presentation of this example.
Processing times for most tasks are shown based on a Pentium Based PC Intel
Core Duo CPU @ 2.5 GHz with 3.5 GB of memory. Beside the hardware
specifications, the terrain grid size is the most important factor in determining
the time required to perform most of the operation.

The sample data for this exercise includes the DEM ("amerriver_dem™) and
gage outlet locations ("heclga™). The sample data can be downloaded from the
HEC-GeoHMS webpage, http://www.hec.usace.army.mil/software/hec-
geohms/download.html. The completed project is also available from the
HEC-GeoHMS webpage.

Task 1. Preprocess the Terrain Model

Open a new empty ArcMap project.

Make sure the ArcHydro and HEC-GeoHMS toolboxes have been
loaded into ArcToolbox.

Load the HEC-GeoHMS toolbar.

Load the terrain data.

Save the project.

Perform drainage analysis using the 8-pour point approach.
Extract project specific data.
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Task I1. Basin Processing

Revise subbasin delineation.

Extract physical characteristics of streams and subbasins.
Develop hydrologic parameters.

Develop HMS inputs.

Task I11. Hydrologic Modeling System
Setup an HMS model with inputs from HEC-GeoHMS.

Task I. Preprocess the Terrain Model

1. Open a new empty ArcMap project as shown in Figure 13-1.

Start uzing Archd ap with

@ + i pew emphy maps
@ A template

Templatez provide ready-to-use lapoutz and base maps
for various geographic regions.

% £ An exizting map:

Browse for maps...

C:h . hgOhecmifDeskiophoydsUntited. rxd

C:h L hevdSHydraulics\GeoRAS\CovaoteD amh Covatel am. mxd
C:h. htest projectzhpistal creek WU ntitled. msd

[ Immediately add data
[ Do not show thiz dialog again ak.
[ Load last map on startup

Figure 13-1. Create a New Empty ArcMap Project.
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2. Make sure the ArcHydro and HEC-GeoHMS toolboxes have been loaded
into ArcToolbox (Figure 13-2).

ArcToolbox
+ a 30 Analyst Tools
+ a Analysis Tools
- a Arc Hydro Tools
+ % Arc Hydro Setup
+ % Attribute Tools
+ &% GeolCPR
+ % 215 Daka Exchange
+ % HaH Modeling
+ % Terrain Morphalogy
+ % Tetrain Preprocessing
+ % Tetrain Preprocessing WaorkFlows
+-&& Utility
&P Cartography Toals
+|- i@ Conversion Toals
+ a Diata Management Tools
+- &P Geocoding Tools
- GeoHMS Taols
+ % Basin Characteristics
+ % Hydrologic Parameters
+ % Tetrain Preprocessing
+- 88 Utility

+- i Linear Referencing Tools
Ml .. 4o

Figure 13-2. Arc Hydro Tools Toolbox.

3. Load the HEC-GeoHMS toolbar.

« Select Tools > Extensions... and turn on Spatial Analyst.

« Select Tools = Customize... and check the HEC-GeoHMS
toolbar.

When properly installed and loaded, the HEC-GeoHMS toolbar is shown
Figure 13-3.

File Edit “iew Bookmarks Insert Selection Tools Window Help (—— —
HEC-GeoHMS Toolbar

EE=N"R= [iic} + . >t e ../;-II A e 1Y Iic [ Spatial Analyst * | J

-

Terrain Preprocessing ¥ HMS Praject Setup ¥ Basin Processing ™ Basin Characteristics ¥ Hydrologic Parameters ™ HMS ¥ Uity « & to At b 2 |Reservoir hd .? Help |

Figure 13-3. HEC-GeoHMS Toolbar.

4. Load the terrain data.
. Add data to the Layers data frame

. Click the Add Data button and add the terrain data, amerriver_dem.

« View the properties of the terrain by right-clicking on the terrain
data and selecting Properties. Note that there are about ten million
cells (2834 rows * 3662 columns) at a thirty meters resolution
(Figure 13-4). This covers a rectangular area of 9340 sq km (3606
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sq mi), which encompasses this study watershed of 4817 sq km
(1860 sg mi).

I

Layer Properties

General Source ] EHtent] Display] Symbnlng_l,l] Figldz ] Joinz & Relates

Property Yalue |
= Raster Information

Colurns and Rows 3662, 2834

Mumber of Bands 1

Cellsize (%, ') 30, 30

Uncompressed Size 39,50 MB

Farmat GRID

Source Type conkinuous

Pixel Twpe floaking poink

Pixel Depth 32 Bit 3

Data Source

Data Type: File System Faster
Folder: D:YGeoHMS92_amer_River!,
Raster: amerriver_dem

et Data Source. .,

Figure 13-4. Layer Properties Dialog.

The coordinate system for the data frame will be set to the terrain data’s
coordinate system because this was the first dataset added to the ArcMap
document.

5. Save the project.
. Save the project to a new empty directory on the local computer.
No other ArcMap document should be in this directory. For this
example, the project was named "AmericanRiver" and saved to the
"...\ GeoHMS5 Amer River" directory. The location of the project
IS important because subsequent derived datasets are stored in this
directory.

6. Perform drainage analysis using the 8-point pour approach.
A. Fill Sinks

« Select Terrain Preprocessing = Fill Sinks.

« Confirm that the DEM input is "amerriver_dem". The output
Hydro DEM is "Fil" as shown in Figure 13-5.
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r

~ Fill Sinks =13

Inpuk DEM

| amerriver_dem

Cutput Hydro DEM

| C\HEC-GeoHMS_Example_DatalizeoHMSS amer RiveriLayersiFil
Fill Threshald {optional)

Input Deranged Palygon (opkional)

[ Usze l=5ink field [optional)

Cancel Environments., ., | Show Help == |

Figure 13-5. Fill Sinks Editor.

« Press OK. This step takes about 30 seconds. The filled DEM is
shown in Figure 13-6.

frsert Selection ook Window beb
| > [# 0 | =1 [ | |
Dl & ® i & [1smsm =] [ O 3 NP sosisgraiyst > Ly [ameniven_dem EEE Y
Tewrain Preprocessng  HHS Fraect Setus ™ Basn Processng B Characersics ™ Hpdokox Parsmsters ™ 1~ Loty = § %= & 5 o [Peseror x| & e
= * @ =
T e 2
2 Q
Vaue "
High : 3156,2 as
Lowe 1384 L4
= ) aocitver den
Veue @
Fgh: 356,23
lm.—..lu.a
L3
o
*
»
&
a1
Dby [ Scumce | Seecton] laoiawa B
Lrarg ™ R Jo= A~ |[daw 0 =] B sy Av B dv +x
T71M.797 153180114 Hetrrs

Figure 13-6. Fill Sinks Grid.
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B. Flow Direction
« Select Terrain Preprocessing = Flow Direction.

« Confirm that the input Hydro DEM is "Fil". The output Flow
Direction Grid is "Fdr".

« Press OK. This step takes about 10 second. The flow direction
grid is shown in Figure 13-7.

nericantiveer.mxd - ArcMap - ArcView

[l [de Vew Pockmacks Jrsert Zelection ook Window Heln

e b [#v e | AXo[E[E
s~2=F ] B | | & e v o | & @ O e | K2 | scotisgairst v | Layer [amarive, dem It e
Tortai Praprocessing ¥ HMS Project Setip ¥ B Proceuong ¥ B Chactaridics ® Hpdrokogic Pacsmeters ¥ WS » ety + § % A B2 & [Reseron EIRr-
= Layers @ i
@[ -]
- HH
m: -
- H
- )
|0
[t @
- -
Wiz »
=@ H <
Vokm
High : 3156.2
Iun:au.a 3
< B anariver_den o
[
Mgh - 31562 L
o
Low: 384 a
]
_Diplay | Souece | Selecton | aganal 1]
romang = K 90~ A~ < |[daa Sl =] Bz u Av bv dv o~

Figure 13-7. Flow Direction Grid.

C. Flow Accumulation
« Select Terrain Preprocessing = Flow Accumulation.

« Confirm that the input Flow Direction Grid is "Fdr". The output
Flow Accumulation Grid is "Fac".

« Press OK. This step takes about 1.5 minutes. The flow
accumulation grid is shown in Figure 13-8.
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[ [t ew Gooimats froert Selecton [ock Window Hee
Edeop ]
D=wa |x|= | =] i &GO | K| sty v L [amene dem A me
Terrain Praprocessing = HMG Froject Satup ™ Badin Procesing  Basin Chacsctaristics  Hydrologis Paramaters = 1ot » ety » B % 43 = [Reseror 2
5@
EF Layers 2
B =
okie .
Hgh : 5. 3700w 4005 2
- B p
o ®
m:
=1
-
10}
| k=3
L]
128 h
~BH o
Yt
o (]
i.
B ‘mariier =
Hgh: 31
Lows : 38,4 m
Dinply [Souce | Sekecton] oo
Gravng ™ & O~ A~ T e o= Bru Ar B s s
BITEETL 119526. 797 Meters

Figure 13-8. Flow Accumulation Grid.

The above screen does not appear complete, but it is. Zoom-in to a part of the
basin to display the details of the grid cells that make up the flow accumulation
grid as shown in Figure 13-9. The grid cell value is computed by summing the
total number of grid cells that flow into each grid cell. Grid cells with a value
of 0 are located on the topographic divide and grid cells with a large value
make up the stream network.

Figure 13-9. Flow Accumulation Gri Showing Detailed Stream Network.

13-7



Chapter 13 - Example Application — American River Basin HEC-GeoHMS User's Manual

D. Stream Definition
« Select Terrain Preprocessing = Stream Definition.

« Confirm that the input Flow Accumulation Grid is "Fac". The
output Stream Grid is "Str".

« Accept the default Stream Threshold as shown in Figure 13-10 and
press OK. This step takes less than 10 seconds.

* Stream Definition E| E| EF

Input Flow Accumulakion Grid
| Fac

Mumber of cells ko define stream

Cutput Skrearn Grid
| CAHEC-5e0HMS_Example_Data\GeoHMSS Amer RiveriLayersi Sk

Area Sgkm bo define stream (optional)
| 43,3351

| Ik | Cancel Environments. .. Show Help ==

Figure 13-10. Define the Stream Threshold.

Zoome-in to see the grid cells that make up the stream definition grid as shown
in Figure 13-11.

Figure 13-11. Stream Definition Grid.

E. Stream Segmentation
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« Select Terrain Preprocessing = Stream Segmentation.

« Asshown in Figure 13-12, confirm that the input Flow Direction
Grid is "Fdr" and Stream Grid is "Str". The output Stream Link
Grid is "StrLnk™.

« Press OK. This step takes less than 10 seconds.

* Stream Segmentation

Input Stream Grid

T

Input Flow Direction Grid

| Fur

Cutput Skream Link Grid

| C\HEC-GeoHMS_Example_DatalizeoHMSS Amer RiveriLaversiStrink
Input Sink Watershed Grid (optional)

| <]

Input Sink Link, Grid {optional)

| H

| Ik | Cancel Environments., ., | Show Help == |

Figure 13-12. Stream Segmentation Editor.

F. Catchment Delineation
« Select Terrain Preprocessing - Catchment Grid Delineation.

« Confirm that the input Flow Direction Grid is "Fdr" and Link Grid
is "StrLnk". The output Catchment Grid is "Cat".

« Press OK. This step takes less than 20 second. The catchment grid
is shown in Figure 13-13.
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Ele [dt Vew Dockmads [neert gelection [ock Window el
| > [ #0 ] =] room | oGl

DEES B oo % [EE ] f AR D K segems e fmmedn = BB
-1 - - - ko RATCEATR B A R L R A

| ]
edtT@SN

g
e Eo

[ ]
8
au

Dicky [oscn | Saecin Fo1ewad
rawng v b 0= A~x i< [dam “[0 =] s u A B 2 ¢~

Figure 13-13. Catchment Grid.

B1619.709 BATSG51 Mnters

G. Catchment Polygon Processing
« Select Terrain Preprocessing = Catchment Polygon Processing.

« Confirm that the input Catchment Grid is "Cat". The output
Catchment layer is "Catchment".

« Press OK. This step takes less than 10 seconds. The catchment
polygons are shown in Figure 13-14.
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el - Aricap - ArcView

Do Edt Vew Dookmads [neet Jelecton [ock Window b
ety b | £ | =l =
DS L] =1 & [ =] s & @ 3 | NP | soatelpnatvet = | Lapse [amenet dem I -
- ien - e -1ty R R TR B A e e R
& =]
Blawﬂ -
© a
v @ cat :.
# O Rolrk 8
+ 0w Ly o
+ 0 ree
« 0 ra L
«0rn
+ [0 smemiver_dem
k
Li ]
*
il-r
&
]
=
J:.
Dy [Foce] S0 T 1|
rawing v I O« A~ = |[dam i =] B r gl A B I o
I0S538.555 147061325 Meters

Figure 13-14. Catchment Polygons.

H. Drainage Line Processing
« Select Terrain Preprocessing = Drainage Line Processing.

« Confirm that the input Stream Link Grid is "StrLnk" and Flow
Direction Grid is "Fdr". The output Drainage Line is
"DrainageLine”.

« Press OK. This step takes less than 20 seconds. The drainage lines
are shown in Figure 13-15.
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el - Aricap - ArcView

[he Edt Wew ookmarks [nesrt Gslection [ook Window bl

e >[40 = 1o |

DEHEa B> v % [Ew

- e - g - iy

EIRAPST = T e
s rmky e § % & B A [Reseror = #

Bk

2
itesun

nFOo

Dy [Soace] Sectin| joo|&na] e —
rawing v I O= A~ < |[idan [t =] B r plAr S Fv o~

5160, 165 90577757 Meters

Figure 13-15. Drainage Lines.

I. Watershed Aggregation

Select Terrain Preprocessing - Adjoint Catchment Processing.

Confirm that the input Drainage Line is "DrainageLine" and
Catchment is "Catchment"”. The output Adjoint Catchment is
"AdjointCatchment”.

Press OK. This step takes less than 20 seconds. The aggregated
catchment layer is shown in Figure 13-16.
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o AamericonRivermod - Arckap - ArcView

[le [dt Vew Dockmads [neet Selection [ock Window bl
g v f e I =1 =]
D& || oo e[ AL Y= e dme
i = g - s vy § % 4 be M [Rerervor =
2 =@
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B Catchment Ly
+ B e @
& 0 sk
#0 %
« 0 Fsc
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v 0 F
# O amerrtenr_iom
B k
i ]
*
3]
i
Dislay [Soace | Seecien] Jam &n ]
[ring v K = Al [@as =0 =] B 7 w|Ax &x 2~ o
HOTE24.544 96720.418 Metees

Figure 13-16. Aggregated Catchments.

7. Extract project specific data.

In the next step, the study area is defined by identifying an outlet. HEC-

GeoHMS will extract data for the drainage area upstream of the defined outlet.
A new ArcMap data frame will be populated with the project specific data.
Tools on the HMS Project Setup menu can be used to interactively delineate
the project area and create input files for an HEC-HMS project.

« Add the stream flow gage layer called "heclga™ to the Data Frame

to help determine the outlet location.

« Make the "heclga™ layer active and identify the gage shown in

Figure 13-17.
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Figure 13-17. Stream Gage used as Catchment Outlet.

The identified gage has a drain area of about 493 sq. miles. This
can be found in the attribute table for the heclga layer. Look in the
"DRAIN_AREA" column.

Zoom closely in on this gage and make the "StrIink" layer visible as
shown in Figure 13-18.

Now analyze the watershed that drains to this stream gage.

Select HMS Project Setup - Start New Project.

Press OK in the Start New Project window. Accept the default
names for the Project Area and Project Point layers.

The Define a New Project editor is shown in Figure 13-19. Enter
"ProjAmer" as the project name.

Enter "GeoHMS of American River" as the project description.
Press OK.
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o Americonfivermod - Arckap

ArcView

e [dt Vew Dookmads [nest Selection Lock Window bl
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Figure 13-18. Location of Stream Gage.
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-
B Define a New Project

Froject MName |F'rn:ui.&mer ﬂ |
Description GecHMS of American Rived
Estraction Methad |I:Iriginal Strearm Definition j

tetadata for Project:;

Project Data Location

" Inzide M ainview Geodatabase

&+ Outside Mairview Geodatabase

Target: |E: "HEC-GEOHMS_ExAMPLE_DATANMGEOHMSE

0k, | Help | I:an-:e||

Figure 13-19. Define a New Project Editor.

« Read the information in the Start New Project window before
closing it.

. Select Add Project Points, 2 and click on the cell located at the
gage to specify the outlet location as shown in Figure 13-20.

Click on this cell to
specify the outlet,

Figure 13-20. Define Study Outlet.
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« Name the outlet point "Outlet_Amer" and accept "Outlet1” for the
description (Figure 13-21).

=
- Project Points for ProjAmer

Paint Name |I:Iut|et_.-'1‘-.mer
Description
k. | Help | Cancel

Figure 13-21. Project Points Editor.

« Press OK.
« Select HMS Project Setup - Generate Project.

« Verify the proper data layers are used as shown in Figure 13-22 and
press OK.

Faw DEM |
Hydro DEM Fi -
Flow Direction Grid |F|:|r ﬂ
Flow Accumulation Grid |Fa|: j
Strearn Grid |Str ﬂ
Strearn Link Grid [Stilnk |
Catchrment |I:at|:hment ﬂ
Adjoint Catchment WdicintCatchment Bl
Project Area |F'ru:uieu:t.-’-'-.rea ﬂ
Froject Paint FrojectPaint -
(1] 4 | Help | Cancel |

Figure 13-22. Define Project Data.

. The basin upstream of the selected outlet will become highlighted,
and the program will prompt you to create a project of the area.

« Press Yes to create a project for the highlighted area.

« Press OK to accept the default names in the New Project Layer
Names window.
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« If the user wants to see the extracted catchment relative to the entire
watershed, activate the Layers data frame and turn on the
ProjectArea layer.

‘fes | Mo |

Figure 13-23. Project Area to be Extracted.

The pertinent datasets are extracted for the area above the outlet and added to
the ProjAmer data frame (Figure 13-24). These datasets will be used for
additional basin processing, extracting basin characteristics, and developing
HEC-HMS inputs.
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Figure 13-24. Project Data Frame with Extracted Data.

Task Il. Basin Processing

8. Revise subbasin delineation.
A. Merge Basins

This process merges selected subbasins into one.

« Select the four subbasins shown in Figure 13-25 with the Select
Features tool, L

. Select Basin Processing - Basin Merge.

« Press Yes to accept the resulting merged subbasin.
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Figure 13-25. Highlighted Subbasins to be Merged.

The result of the merged subbasin is shown in Figure 13-26.

Figure 13-26. Merged Subbasin.

B. Subdivide a Basin

« Add the heclga layer to the ProjAmer data frame (drag and drop
from the Layers data frame to the ProjAmer data frame).

« Zoom in on the gage location shown in Figure 13-27 and make the
"Str" grid visible.
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Subdivide at this gage

Figure 13-27. Subdivide Subbasin at Stream Gage Location.

« With the Subbasin Divide tool, ﬁi, click on the cell shown in
Figure 13-28 to subdivide the subbasin.

Figure 13-28. Subdivide by Clicking the Subbasin Divide Tool on the Stream
Network.

« Use the default names in the Project Points dialog as shown in
Figure 13-29.
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™ Project Points

Fairt Name I zerPaint2
Dezcription |L| zerPoint2
k. | Help | Cancel

Figure 13-29. Name the Subbasin Outlets using the Project Points Editor.

« Press OK.
The result of basin subdivision is shown in Figure 13-30.

New subbasin

Figure 13-30. New Subbasin Created by the Subbasin Divide Tool.

C. Obtain River Profile
« Select the River Profile tool, .

« Verify that the proper data layers are used as shown in Figure
13-31.
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=

RHiver Profile

River [Line] Laver: |Fii'-.fer1 ﬂ
Hydro DE |Fi| ﬂ
Flows Direction Gnd |F|:|r ﬂ
Flow Accurmulation Grid |Fa|: ﬂ
Stream Link Grid |Stank ﬂ
Fraject Point |F'rn:niec:tF'n:nir'|t1 ﬂ
Subbasin |Subbasint |
1] 4 | Help | Cancel |

Figure 13-31. River Profile Editor.

« Click on the highlighted river segment, as shown in Figure 13-32, to
view the river profile.

=g -
+ £F Layers Q
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= Subbasini ma
cu
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+ O strink 1
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Figure 13-32. Profile for Selected Reach.
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9. Extract physical characteristics of streams and subbasins.

The physical characteristics of streams and subbasins are extracted and saved
in attribute tables.

A. River Length
« Select Basin Characteristics 2 River Length.
« Press OK after making sure the river layer is selected.

« A"RivLen" column in the attribute table is updated with estimates
of the river length (Figure 13-33).

B Attributes of River1 E‘E|El

Shape_Length | HydrolD | HextDownlD | DrainlD | Sip | ElevUP | ElevDS [ RivLlen i ChnShapeMusk | Chr ~
11577123368 1 2 16 |=Mull= [<Mull= =Muill= 11577123368 |<Mull= =Mull=
| 2295807358 2 a 17 =Ml [<Mull= =Muill= 2295807358 =Mull= =Mull=
| F336.797616 3 2 19 =Ml [<Mull= =Muill= 7336797616 =Mull= =Mull=
| 25269170978 ] 7 18 =Ml [<Mull= =Muill= 25269170975 |<Mull= =Mull=
| 4336.614716 E g 21 |=Mull= [<Mull= =Muill= 4336.614716 =Mull= =Mull=
| 11032051942 7 g 22 |=Mull> [<Mull= =Muill= 11032.051942 |<Mull= =Mull=
| 2734003241 g -1 23 |=hull= | =Mull= =Mull= 279400241 | =Mull= =Mull=
| 20021 530291 9 11 24 |=Mull= [<Mull= =Muill= 20021530291 |=Mulk= =Mull=
| 23847 779208 10 7 25 [=Mull=  [<Mull= =Muill= 23847 77208 |<Mullk=- =Mull=
| G467 422074 11 10 26 |=Mull= [<Mull= =Muill= G4BT 422074 =Mull= <Nul|=v
< »
Record: ﬂj ] jﬂ Shiow: W Selected Records (0 out of 16 Selected) Options

Figure 13-33. Attribute Table for the River Layer.

B. River Slope
« Select Basin Characteristics = River Slope.
« Press OK after making sure the DEM and river layer are selected.

« "Slp", "ElevUP", and "ElevDS" columns are updated in the river
layer's attribute table (Figure 13-34).

Attributes of Hiver1 E‘E| El

Shape_Length | HydrolD | HextDownlD | DrainlD | Sip | ElevUP | ElevDS RivLen ChnShapeMusk | Chr ~
11577.123369 1 2 16 | 00218 1729.0939 1476 | 11577.123363 | <Mull= =Mull:
2295 807358 2 5 17 | 00581 1476 1347 | 2295807356 |<Mull= =Mull:
7336797616 3 2 19| 0.0033 15005939 1476 | 7336.797616 | <Mulk= =Mull:
| 2578.17097E 5 7 18| 00283 1347 [629.79998 25269170976 |<Mull= =Mull:
N 4336614716 6 g 21| 00371 72529995 564 4336.614716 | <Mull= =Mull:
| 11032051942 7 g 22 | 00059 623.79995 564 | 11032.051942 |=Mull= =Mull:
N 2794 00541 g8 -1 23| 0oz42 564|496 20001 2794.00541 |=Mull= =Mull:
| 20021 53029 = 11 24| 0.0304 18059000 11966999 20021.530291 |<Mull= =Mull:
| 23m47 779208 10 7 25| omaz 1066 [629.79995 23847779208 |<Mull= =Mull:
N G467 422074 11 10 26 | 0.0202 11965999 1066 |  G467.422074 |<Mull= =Mullz
< >
Record: ﬂj ] jﬂ Shiow: W Selected Records (0 out of 16 Selected) Options

Figure 13-34. Slope Attributes for the River Layer.
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C. Longest Flow Path
« Select Basin Characteristics = Longest Flow Path.

« Review the input and output data layers as shown in Figure 13-35.
Press OK. This step takes about one minute.

* Longest Flowpath

Inpukt Raw DEM

| RawDERM

Input Flow Direction Grid

|F|:|r

Input Subbasin

|5ul:u|:uasin1

Cukput Longest Flow Path

| C\HEC-GEOHMS_EXAMPLE_DATAVGEOHMSS AMER RIVER\ProjameriPre

| Ik | Cancel Environments. .. Show Help ==

Figure 13-35. Longest Flow Path Computation Editor.

The results of the longest flow path operation are shown in Figure 13-36.

<>

<

Figure 13-36. Longest Flow Path Layer.

The longest flow path computation also stores the physical parameters in the
attribute table as shown in Figure 13-37.
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|
B Attributes of LongestFlowPathi E|E|E|
| oBJECTID: | Shape* | Shape Length | LongestFL Slp ElevUP ElevDS DrainlD | LengthDown | HYDROID | ~
3 1| Palyiine 12025874452 | 12025 674452 | 0053643 1992099976 1347 17| 51114889578 7
u 2 Polyline 28150572401 | 28150572491 | 00476 2816309902 1476 16| GOS50.608179 I
B 3 |Polyline 33488872273 33493672273 | 0037213 2722 600093 1476 19| 74333634757 33
B 5 |Polyline 21333916652 | 21333.916652 | 0046513 1556.300043 64 21| 24127 322081 40
| & |Polyline 2560972401 | 2560072401 | 0048935 | 2854199951 | 1600900024 33| 83150599513 41
N 7 Polyline 15801 456864 | 15801 455864 | 0061354 1539 564 22| 1867025107 42
B & |Polyline 28132404743 28132404743 | 0033232 1566400024 | £30.099976 18| 41952 243231 43
| 3 |Polyline 23837957775 23937.957775| 002716 1939 1347 32| 63083186105 44
N 10 |Palyling 4024 G20865 | 4024 629865 | 0101640 90529099588 496200012 23| 4024 629368 45 v
Record: ﬂj 1 jﬂ Show: W@ Records {0 out of 13 Selected) m

Figure 13-37. Attribute Table for the Longest Flow Path Layer.

D. Basin Centroid
« Select Basin Characteristics = Basin Centroid.

« Select the Center of Gravity Method (Figure 13-38).

« Make sure the subbasin layer is selected and accept the default
name for the basin centroid layer. Press OK.

A new data layer is created to represent the centroid locations as shown in
Figure 13-39.

* Basin Centroid E| @| E|

Select Centroid Method
| Center of gravity
Input Subbasin

|5ul:u|:uasin1 ﬂ
Oukput Centroid

| CAHEC-GEOHMS_EXAMPLE_DATALGEOHMSS AMER RIVERIProjameriPre
Input Flaw Accumulakion Grid (optional)

Input River (optional)

Input Longest Flow Path {optional)

| Ik | Cancel Environments., ., | Show Help == |

Figure 13-38. Select the Subbasin Centroid Method.
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Figure 13-39. Subbasin Centroid Layer.

E. Centroid Elevation
« Select Basin Characteristics 2 Centroid Elevation.

« Make sure the raw DEM and centroid layer are selected and press
OK.

An elevation field is added to the centroid layer’s attribute table.

F. Centroidal Longest Flow Path
. Select Basin Characteristics = Centroidal Longest Flow Path.

« Make sure the subbasin, centroid, and longest flow path layers are
selected. Accept the default name for the centroidal longest flow
path and press OK.

A new data layer is created to represent the centroidal flow paths as shown in
Figure 13-40.
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Figure 13-40. Centroidal Longest Flow Path Layer.

10. Develop hydrologic parameters.
A. Select HMS Processes
« Select Hydrologic Parameters - Select HMS Processes.
« Make sure the subbasin and river layers are selected and press OK.

« Select Initial+Constant for Loss Method, Clark for Transform
Method, None for Baseflow Method, and Lag for Route Method
(Figure 13-41).

« Press OK.
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* Sglect HWAS Processes

Input Subbasin

|5ubbaﬂn1

Input River

|River1

Subbasin - Loss Method

| InitiaH+Constant

Subbasin - Transform Method
| Clark,

Subbasin - Baseflow Method
| Mone

River - Foute Method

| Lag

Ik | Cancel Environments., ., | Show Help == |

Figure 13-41. Select HEC-HMS Modeling Methods.

B. River Auto Name
« Select Hydrologic Parameters - River Auto Name.
« Make sure the river layer is selected and press OK.

This step creates a "Name" column in the river layer’s attribute table as shown
in Figure 13-42. In areal study, you should manually edit the names.

H| Attributes of River1 El@| EF

ChnShapeKine | ChnWidth | ChnSdSip | ChnManH | Hame | Description | RouteMet |
=hull= =hull= =Mull= =Mull= R10 =Mull= Lag
=hull= =hull= =Mull= =Mull= R20 =Mull= Lag
=Mull= =Mull= =Mull= =Mull= R30 =Mull= Lag
=Mull= =Mull= =Mull= =Mull= R50 =Mull= Lag
=pMull= =Mull= =pMull= =Mull= RE0 =Mull= Lag

=pMull= =Mull= =pMull= =Mull= R70 =Mull= Lag

=Mull= =pull= =Mull= =Mull= RE0 =Mull= Lag
=Mull= =pull= =Mull= =Mull= Ra0 =Mull= Lag
=Mull= =pull= =Mull= =Mull= R100 | =Mull= Lag
=Mull= =Mull= =pMull= =Mull= R110 | =Mull= Lag

Record: ﬂj n jﬂ Show: W Selected Records {0 out of 16 Selected)

Figure 13-42. River Reach Names.
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C. Basin Auto Name
« Select Hydrologic Parameters - Basin Auto Name.
« Make sure the subbasin layer is selected and press OK.

This step creates a "Name" column in the subbasin layer’s attribute table as
shown in Figure 13-43. In areal study, you should manually edit the names.

E| Attributes of Subbasini E|@|Pz|

PrecipGage | Los=sMet TransMet | BaseMet [ Hame ; TotStormP BazinSlope | Petlmp | -
| =Mull= Intial+Constant Clark =Mull= W ED | =Mull= =Mull= 0
| =Mull= Intial+Constant Clark =Mull= VT =Rull= =Mull= 0
| =Mull= Intial+Constant Clark =Mull= W0 | =Rull= =Mull= 0
| =Mull= Intial+Constant Clark =Mull= W90 | =Rull= =mull= 0
| =Mull= Intial+Constant Clark =Mull= WI20 | =Mull= =mull= 0
| =Mull= Intial+Constant Clark =Mull= Y210 =Rull= =mull= 0
| =Mull= Intial+Constant Clark =Mull= W220 | =Mull= =Mull= 0
| =Mull= Intial+Constant Clark =Mull= W230 | =Mull= =Mull= 0
[ =Mull= Initis+Constant Clark =Mull= W0 =hull= =hull= 0
[ =Mull= Initis+Constant Clark =Mull= WSO =hull= =hull= 0 7
L4 >

o
=]
f=s
o
=
L

Record: ﬂj 0 ﬁﬂ Shio: W Selected Records (0 out of 13 Selected)

Figure 13-43. Subbasin Names.

11. Develop HMS inputs.
A. Map to HMS Units
« Select HMS - Map to HMS Units.
« Review the input data layers. Press OK.

« Select English from dropdown menu as shown in Figure 13-44.
« Press OK.

(] J Help J Cancel ‘

Figure 13-44. Select the Units System.

The results of the unit conversion are added columns to attribute tables for the
subbasin (Figure 13-45) and river (Figure 13-46) layers. The added columns
contain the ending “_HMS".
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B | Attributes of Subbasini E|@|§|
MaxSoilPer | SoilTensS | MaxSoilS | GWiMaxS | GW2MaxS | GWiMaxPer | GW2MaxPer [ Area HMS | A

=Mull= =hull= =Mull= =hull= =hull= =hull= =Rull= 51 64735
[ =Mull= =hull= =Mull= =hull= =hull= =hull= =Rull= 13.425351
[ =Mull= =hull= =Mull= =hull= =hull= =hull= =Rull= 34 960469

=Mull= =hull= =Mull= =hull= =hull= =hull= =Rull= 31412229
[ =Mull= =hull= =Mull= =hull= =hull= =hull= =Rull= 17.24394
[ =Mull= =hull= =Mull= =hull= =hull= =hull= =Rull= 22.353346
[ =Mull= =hull= =Mull= =hull= =hull= =hull= =Rull= 21193881

Record: ﬂj 0 jﬂ Show: W Selected Records (0 out of 13 Selecked)

Figure 13-45. Area Field Added to the Subbasin Layer's Attribute Table.

Attributes of River1

ChnManH | Hame | Description | RouteMet | ElevUP_HMS | ElevDS_HMS | RivLen HMS | ’
| =hui RID |=hull= Lag 5672900164 | 4842 519585 37982 638213
| =haui R0 |=Mull= Lag 48342 519665 | 4419291339 753217637
| =haui R30 |=Mull= Lag 4923228268 48425195885 24070858319
| =haui RS0 |=Mull= Lag 4419291339  2066.272927 82904104259
| =haui RED  |=Mull= Lag 2379593136 | 1850.393701 | 14227 73857
| =haui RTD |=Mull= Lag 2066272927 | 1850.393701 36194396135
| =haui RS0 |=Mull= Lag 1850393701 | 1627952795 9166634415 7
£ >

Record: ﬂj n jﬂ Show: W Selected Records {0 out of 16 Selected) j

Figure 13-46. Elevation and Length Fields Added to the River Layer's Attribute
Table.

B. HMS Check Data
« Select HMS - HMS Check Data.

« Verify the correct input datasets are selected as shown in Figure
13-47.

£ HMS Check Data

River |H iwver] ﬂ

Subbasin [Subbasin Bl

Froject Paint |F'ru:uieu:tF'u:uint'| ﬂ

Centraid |I:entr|:|id1 ﬂ
1] 4 | Help | Cancel |

Figure 13-47. HMS Check Data Dialog.
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« Press OK.
. Make a note of the file name and its location. Press Yes to review
the file.

The output file, "SkelConsChk.txt", contains the results of the data check. A
portion of the file is shown in Figure 13-48.

P SkelConstCheck.txt - Notepad |Z||E[g
File Edit Format Wiew Help

Checking Finished: 03:23:25

CHECKIMNG SUMMARY

R R

Unigue names problems.
Riwer containment problems.
Center containment problems.
River connectivity problems.
VIFP relevance problems.

<
Figure 13-48. Portion of the Check Data File.

C. HMS Schematic
o Select HMS - HMS Schematic.

« Review the input and output datasets as shown in Figure 13-49.
Press OK.

£ HMS Schematic

Froject Paint |F'rn:niec:tF'n:nir'|t'I ﬂ
Centroid [Centraid [~
Fliver IFiirver1 =l
Subhasin |Subbasin =l
HIS Link, |HMSLink1
HMS Mode HM3Mode1

0K | Help | Cancel |

Figure 13-49. HMS Schematic Editor.

The HMS schematic with the regular legend symbols is shown in Figure 13-50.
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= Americanfiver.mxd - Archap - ArcYiew

Ediog=| b | ¥ [ = [ z )|m| =
DERE& B 5 e ol w| o @ O 3 K7 sosanelvst v Laver |MasiewDEM
= = = okt Parsmetsrs v 1ots = Uiy v B %o o bn b [Feserer ]
= @ B
= F Layer
’ &
= £# ProjAmer B
B mMmindel col
® <ol other vahoess =
Honds Ty L4
® waershed Nods &
* Juncion Nude
B ek -
<ol ather vahusss - _
Link Type
watershed Lk, R
— Junckion Lk
L Centroidy
O] Cenbcidalonpest o athl &
L tongestSourad o
E sbbaznl H
« O heclgs i i -.,
= 0 =N N “
¥ 0 ca "
# [0 bk i
# [ s _
# O rFac
® 0O Fee &
«#0On
# [0 RawCEM
¥ L ProgectPont|
# O manivewiem
P e o PO | s
o | k() O« A~ [@ea T S s R U A B g -
SSU610 G160 Meters

Figure 13-50. Schematic with Regular Legend Symbols.

D. HMS Legend
« Select HMS - Toggle HMS Legend - HMS Legend.

« The user can toggle between the HMS Legend, as shown in Figure
13-51, and the Regular Legend.

= _americanfiver.md - Archap - ArcYiew

Edo Edt e Gookmorks Jnsert Seloction Took Window Help

Edbog =| b | & T [ =l [ =l -

D& B o w2 [ & @D I K? | e v L [MoinbioDEd
- - - Dagn i - Hydrokogc Parameters = 1S+ Uty = 8§ %&;hnm

g

+ 1F Lapers -

= £# Projuner
Bl Hminde
® cal other vaoess
HHG Symblogy
(25 brverson

B namtion

[

e

I source

HEA

R B

nECx

oy sutazn

= B ek
— <l vthwer vahae >
LinkType:
— Basin Conneclor
= fieach
# O Centrad1
# O Corbroicdall oot FlowPathl &
# O vongestilowrathl
= B Subbuminl

# O bexiga

» O g

=

1000000
rFEeg

-

MJE:J"J*C_‘“J an oo
prawieg v It () O« A~ [@ea =W =] B 7u Ax B~ dv =~

[4]

30 10660 Meters

Figure 13-51. Schematic with HMS Legend Symbols.
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E. Add Coordinates

This step attaches geographic coordinates to hydrologic elements in the
HMSNode and HMSL.ink layers. The coordinates are saved to the attribute
tables. The attachment of coordinates allows GIS data to be exported to a non-
proprietary ASCII format and still preserve the geographic information.

. Select HMS - Add Coordinates.
« Review the input datasets as shown in Figure 13-52. Press OK.

¥ Add Coordinates

Raw DEM |HawDEI‘v1 j

HM3 Link HMS Link1 =]

HM3 Hode HMSHode1 |
1] 4 | Help | Cancel |

Figure 13-52. Add Coordinates Editor.

F. Prepare Data for Model Export

The Prepare Data for Model Export tool assembles the required HMS data
for export to ASCII format.

« Select HMS - Prepare Data for Model Export.
« Review the input datasets as shown in Figure 13-53. Press OK.

Prepare Data for Model Export

Subbasin [Subbasin -l

River |Hiver'| ﬂ

0K | Help | Cancel |

Figure 13-53. Prepare Data for Model Export Dialog.

G. Background Shape Files

The background shape file option captures the geographic information of the
subbasin boundaries and the stream network.

« Select HMS - Background Shape File.
« Make sure the subbasin and river layers are selected and press OK.
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Task IllI.

« A window will open stating the shape files were successfully
created. Press OK. These shape files are automatically saved in
the project directory.

H. Basin Model File

The basin model file captures the hydrologic elements, their connectivity, and
related geographic information in an ASCII text file that can be read by HEC-
HMS.

« Select HMS - Basin Model File.
. Make a note of the file name and its location. Press OK.

Additional HEC-HMS project files can be created by HEC-GeoHMS;
however, they are not necessary. The basin model file and background map
files can be imported into an existing HEC-HMS project.

Hydrologic Modeling System

12. Setup an HEC-HMS model with inputs from HEC-GeoHMS.

The user should create the HEC-HMS project first and then copy the
background map files and basin model file to the HEC-HMS project folder. If
other HEC-HMS project files were created by HEC-GeoHMS then these
should be copied as well.

. Start the HEC-HMS program.
« Select File > New....

. Enter a project name of "American River Example" and a
description of "GIS Application of HEC-GeoHMS to the American
River Basin™ as shown in Figure 13-54.

« Choose a directory to save the project.
« Select U.S. Customary for the unit system.
« Press the Create button.

r

B4 Create a New Project

Mame: F.merin:an Riwver Exar
Description: |GIS Application of HEC-GeoHMS ko the American Rive 'E
Location: [CHHEC-GeoHMS_Example_Data

Default Unit Sysktem: |5, Customary |

[ Create H Cancel ]

Figure 13-54. Create a new HEC-HMS Project.
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Use Windows Explorer to copy the basin model file and the background
shape files to the newly created HEC-HMS project folder. The folder will
have the same name as the project, "American River Example".

« To import the basin model file created by HEC-GeoHMS select
File > Import - Basin Model (Figure 13-55).

EA HEC-HMS 3.4 [C:AHEC-GeoHWS_Example_Datakh

=[-8 Edit  View Components Parameters Compute  Res

e, ., kM o é’* = B EP
Cpen... Chrl+0

Metearologic Model. ..
2ave CrkS Conkrol Specifications,
Save hs...
Delete. .. Chr+D HEC-1 File. ..
Rename...
Backup [
Exit

Figure 13-55. Import a Basin Model File into an Existing HEC-HMS Project.

« Navigate to the correct location and select the basin model file,
"ProjAmer.basin".

« Press the Select button.

You should notice a Basin Models folder is added to the Watershed
Explorer. The ProjAmer basin model is contained in this folder. When you
select the ProjAmer basin model in the Watershed Explorer, the basin model
map will open in the desktop area, as shown in Figure 13-56.
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E& HEC-HMS 3.4 [C:AHEC-GeoHMS_Example_Data\imerican_River_ExampleMimerican_River_Example. hms]

File Edit WYiew Components Parameters Compute Results Tools Help

I EHS N PQebEFr I sBEEE

I American River Example Y

#3 Basin Model [ProjAmer]

- W32

Components |C0mpute Resuls

£A Basin Madsl |

Name: ProjAmer

Description: |GeoHMS of American River @

Grid Cell File: | C:\HEC-GeoHMS_Example_Data)ar
Local Flow: |Mo v
Flow Ratios: |No -
Replace Missing: | Mo w
Unit Systern: 1.5, Cuskomary L3

Sediment:
Water Quality:

MOTE 10003: Finished opening project "american River Example” in directary
"CIHEC-GeoHMS _Example_DatalAmerican_River_Example” at time 17Jun2010, 11:32:09,
MOTE 10179 Opened basin model "Projamer” at time 17Junz010, 11:33:40,
WARNING 12050: Unrecognized parameter in basin model "Projamer”,

Section begins with label ™

Line contents are “drawflowdirections: No"

Figure 13-56. Map Extents after Import.

« Select the View = Maximum Extents menu option to open the
Maximum Extents editor (Figure 13-57).

« Choose an extents method of Union of All Elements and a buffer
of 25 percent.

« Click the OK button and the map will automatically resize. The
element network will look similar to the HEC-GeoHMS project.
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F o

Maximum Extents E|

Method: |Llni|:|n Of all Elements V|

Manual view extents

Elerment buffer

Percent (%)

[ o] 4 H Cancel

Figure 13-57. Set the Map Extents using the Maximum Extents Editor.

. Add the background shape files by selecting View - Background

Maps.
« Click the Add button in the Background Maps window (Figure
13-58).
Background Maps &|

Current background maps

Add. ..

Figure 13-58. Add Background Maps using the Background Maps Editor.

« Make sure the file type is ESRI Shapefile (*.shp) and navigate to
the directory where the background shape files are located as shown
in Figure 13-59.
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r

T e [z|
Loak, im: |[E| Arnerican_River_Example V| I ,5'||E
_ |5 basinStates
4 2} Iy maps

My Recent I optimizer
Documents El Riverl.shp

@ Subbasini.shp

My Documents

P_:‘J;'\g File name: |River1.shp | [ Select ]

My Compuker

P Files of bype: | ESRI Shapefile (*, shp) w | Cancel

Figure 13-59. Select the Shape File to Add as a Background Map.

« Select the subbasin shape file and press the Select button. The
shape file will be automatically added to the basin model map.
Next, add the river shape file to the map. The Background Maps
editor can be used to order the shape files so that the river lines are
drawn on top of the subbasin polygons and to edit the draw
properties of the lines and polygons. Figure 13-60 shows the basin
model map after importing the background shape files.
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BA HEC-HMS 3.4 [C:AHEC-GeoHMS_Example_Datalimerican_River_ExampleMimerican, River_Example. hims] |Z||E|E|

File Edit ‘iew Components Parameters Compute Results Tools  Help
DES T ¢ svuFer Py v BEE@

Lj American River Example ~
=5 Basin Madels
=872 Frojamer

#2 Basin Model [ProjAmer]

EBX

- W220
(#1254 W210
[#-1Sn w320 v

Commponents |Cnmpute Results

£5) Basin Madel |

Name: ProjAmer
Description: |GeoHMS of American River

Grid Cell File: |CH\HEC-GeoHMS_Example_DatalAr| 2

b ¥,
% -
Rl -tRa

i T

&)

Local Flow: | Mo v
Flow Ratios: |Mo v
Replace Missing: |Mo “
Unit System: |U.5. Customary ~

Sedimnent:
Witater Quality:

Figure 13-60. HEC-HMS Basin Model Map.

The next step in creating the HEC-HMS model is to enter subbasin and routing
element parameters. Parameters could be estimated from previous studies or
from a regional analysis. Then the model should be calibrated to historic
rainfall-runoff events.
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APPENDIX A

Grid-Cell Parameter File Format

The ModClark transform method requires a grid-cell file. The file defines cells
for each subbasin. Parameters for each cell are also included in the grid-cell
file. This appendix describes the grid-cell file format. The file can be
produced using available geographic information system (GIS) tools.

File Definition

The grid-cell file begins with the keyword "Parameter Order"” followed by a
colon and parameter keywords indicating the order for reading parameters
from the file (Figure A-1). The keyword "End" must be on a line by itself after
the "Parameter Order" line. Valid parameter keywords are shown in Table A-
1. Parameter keywords are not case sensitive and are separated by spaces. If
the parameter order is not defined, it is assumed to be: Xcoord, Ycoord,
TravelLength, and Area. The coordinate system of Xcoord and Ycoord used in
the file must match the coordinate system used in the gridded DSS
precipitation records. Typically the coordinate system will be either
Hydrologic Rainfall Analysis Project (HRAP) or Standard Hydrologic Grid
(SHG).

Parameter Order: Xcoord YCoord TravellLength Area
End:

Subbasin: 85

Grid Cell: 633 359 88.38 3.76
Grid Cell: 633 358 85.55 16.13
Grid Cell: 632 358 82.55 12.76
Grid Cell: 625 348 13.75 12.07
Grid Cell: 626 348 17.12 0.09
Grid Cell: 622 347 21.19 -26
Grid Cell: 623 347 15.56 9.96
End:

Subbasin: 86

Grid Cell: 637 361 59.13 6.79
Grid Cell: 638 361 59.04 -95
Grid Cell: 636 361 56.68 217
Grid Cell: 636 360 55.08 16.38

w

= o

Grid Cell: 636 347 67.96 2.45
Grid Cell: 637 347 71.72 7.41
Grid Cell: 638 347 72.57 8.78
Grid Cell: 639 347 73.32 0.04

Figure

A-1. Sample Grid-Cell Parameter File.
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Table A-1. Parameter Keyword Definitions.

Keyword Definition Units
XCoord x-coordinate of the southwest corner of the cell  integer value
YCoord y-coordinate of the southwest corner of the cell  integer value

travel time index from the cell to the subbasin

TravelLength outlet

kilometers

Area area of cell within the subbasin square kilometers

The data for a subbasin begins with the keyword "Subbasin™ followed by a
colon and the subbasin identifier. One line beginning with the keyword "Grid
Cell" follows for each cell in the subbasin. Data for the subbasin ends with the
keyword "End". Keywords are not case sensitive and may contain spaces.
Blank lines can be included and lines beginning with "#" are ignored as
comments. The same grid-cell file can be referenced by more than one
subbasin, allowing data for many subbasins to be stored in the same file. The
identifier for a subbasin must be exactly the same in the grid-cell file as it is in
the basin model.
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APPENDIX B

Grids in HEC-DSS, HRAP, and SHG
Grid Systems

Contents of a Grid Record in HEC-DSS

HEC-DSS records, including grid records, consist of a block of sequential data
with an associated header array describing the data in the block. In a time-
series record, the sequence represents the variation of a parameter’s value
through time at a fixed location. In a grid record, the sequence represents the
variation of a parameter’s value over a region of the earth’s surface for a single
interval of time. The header array of a grid record contains information about
the parameter values (their units and some summary statistics) and the two-
dimensional array in which they are stored (the number of rows and columns in
the array, and the location of the grid in geo-referenced coordinates).

The contents of the header are described below for three types of grids. All
grid headers contain basic parameter and grid extent information. In addition,
the headers for HRAP grids and Albers equal-area grids (including SHG grids)
contain additional descriptive information.

Storage of Grid Values

In the DSS file, grid parameter values are stored in a single array, starting with
the value in the minimum-x, minimum-y (or lower left) cell in the two-
dimensional array. The values proceed by row in increasing column numbers
and increasing row numbers, as illustrated in the Figure B-1.

718 ]9

1123 |4]5|6]7|8]9 4 | 5| 6
Array 1|12 | 3

grid

Figure B-1. One-Dimensional Array Storing Two-Dimensional Grid of Parameter
Values.
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Grid Header Contents

The contents of the grid header array are as follows:

Size
Field Type (integers)

Info Flat Size Integer 1
Grid Type Integer 1
Grid Info Size Integer 1
Start Time Integer 1
End Time Integer 1
Data Units Text 3
Data Type Integer 1
Lower Left Cell X Integer 1
Lower Left Cell Y Integer 1
Number of Cells X Integer 1
Number of Cells Y Integer 1
Cell Size Float 1
Compression Method Integer 1
Compressed Array Size Integer 1
Compression Scale Factor Float 1
Compression Base Float 1
Max Data Value Float 1
Min Data Value Float 1
Mean Data Value Float 1
Number of Ranges Integer 1
Range Limit Table Float 20
Range Counts Integer 20
HRAP Headers append the following

Data Source | Text | 3
Albers Headers (including SHG) append the following

Projection Datum Integer 1
Projection Units Text 3
First Standard Parallel Float 1
Second Standard Parallel Float 1
Central Meridian Float 1
Latitude of Origin Float 1
False Easting Float 1
False Northing Float 1
X Coordinate of Cell (0,0) Float 1
Y Coordinate of Cell (0,0) Float 1

HRAP Grid System

The Hydrologic Rainfall Analysis Project (HRAP) grid is a square-celled grid
based on a Polar Stereographic map projection with the following parameters.

Units: Meters

Datum: Sphere (radius = 6371.2 km)
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Standard Parallel: 60° 0' 0" North
Central Meridian: 105° 0' 0" West

The mesh (cell) size of the grid is 4.7625 km, and the grid Y axis is aligned
parallel with the central meridian (105° W). The grid is registered so that the
North Pole lies exactly 400 cells in the positive X direction and 1600 cells in
the positive Y direction from the grid origin. Equivalently, the lower left corner
of cell number (401, 1601) is located at the North Pole.

Examples

As examples of cell identification in the HRAP system, indices of cells
containing points in the western U.S. and the eastern U.S. are given.

Western US:

The location 121° 45" west, 38° 35" north (near Davis, California) projects to
260,174 m easting, 2,143,782 m northing, in the specified polar stereographic
projection. In the HRAP system the indices of the cell containing this point are

i=54
j =450
Eastern US:

The location 76° 30" west, 42° 25’ north (near Ithaca, New York) projects to
4,410,804 m easting, 3,018,420 m northing, in the specified polar stereographic
projection. In the HRAP system the indices of the cell containing this point are

i =926
j=633

SHG Grid System

The standard hydrologic grid (SHG) is a variable-resolution square-celled map
grid defined for the conterminous United States. The coordinate system of the

grid is based on the Albers equal-area conic map projection with the following
parameters.

Units: Meters

Datum: North American Datum, 1983 (NAD83)
1st Standard Parallel: 29° 30° 0” North

2nd Standard Parallel: 45° 30” 0” North

Central Meridian: 96° 0’ 0” West

Latitude of Origin: 23° 0’ 0” North
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False Easting: 0.0
False Northing: 0.0

Users of the grid can select a resolution suitable for the scale and scope of the
study for which it is being used. For general-purpose hydrologic modeling with
NEXRAD radar precipitation data, HEC recommends 2000m cells, and HEC
computer programs that use the SHG for calculation will select this cell size as
a default. HEC will also support the following grid resolutions: 10,000 m,
5,000 m, 1,000 m, 500 m, 200 m, 100 m, 50 m, 20 m, 10 m. The grids resulting
from the different resolutions will be referred to as SHG-2km, SHG-1km,
SHG-500m and so on. A grid identified as SHG with no cell-size indication
will be assumed to have 2km cells

For identification, each cell in the grid has a pair of integer indices (i, j)
indicating the position, by cell count, of its southwest (or minimum-x,
minimum-y) corner, relative to the grid’s origin at 96W, 23N. For example the
southwest corner of cell (121, 346) in the SHG-2km grid is located at an
easting of 242000 m and a northing of 692000 m. To find the indices of the cell
in which a point is located, find the point’s easting and northing in the
projected coordinate system defined above, and calculate the indices with the
following formulas.

i = floor (easting / cell size)

j = floor (northing / cell size)

Where floor(x) is the largest integer less than or equal to x.
Examples

As examples of cell identification in the SHG system, indices of cells
containing points in the western US and the eastern US will be given in the
1km, 2km, and 500 m SHG grids.

Western US:

The location 121° 45" west, 38° 35" north (near Davis, California) projects to
2185019 m easting, 2063359 m northing, in the specified Albers projection. In
the SHG-2km system the indices of the cell containing this point are

i = floor( -2185019 / 2000 ) = floor( -1092.5 ) = —~1093
j = floor( 2063359 / 2000 ) = floor( 1031.7 ) = 1031

In the SHG-1km grid the indices are (-2186, 2063), and in SHG-500m they are
(-4371, 4126)
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Eastern US:

The location 76° 30" west, 42° 25' north (near Ithaca, New York) projects to
1583506 m easting, 2320477 m northing, in the specified Albers projection. In
the SHG-2km system the indices of the cell containing this point are

i =floor( 1583509 / 2000 ) = floor( 791.8) = 791
j =floor( 2320477 /2000 ) = floor( 1160.2 ) = 1160

In the SHG-1km grid the indices are (1583, 2320), and in SHG-500m they are
(3167, 4640).
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