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Disclaimer

Production of this document has been funded wholly or in part by the U.S. Environmental Protection
Agency. Mention of trade names or commercial products does not constitute endorsement or
recommendation for use by the U.S. Environmental Protection Agency. The Better Assessment Science
Integrating Point and Nonpoint Sources (BASINS) system described in this manual is applied at the user’s
own risk. Neither the U.S. Environmental Protection Agency nor the system authors can assume
responsibility for system operation, output, interpretation, or use.
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User Assistance and Technical Support

BASINS was developed to promote better assessment and integration of point and nonpoint sources in
watershed and water quality management. It integrates several key environmental data sets with
improved analysis techniques. Several types of environmental programs can benefit from the use and
application of such an integrated system in various stages of environmental management planning and

decision making.

EPA’s Center for Exposure Assessment Modeling (CEAM) provides assistance and technical support to
users of the BASINS system to facilitate its effective application. Technical support can be obtained at
the BASINS Home Page: http://www2.epa.gov/exposure-assessment-models/basins-user-information-

and-guidance
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Introduction

Better Assessment Science Integrating Point and Nonpoint Sources (BASINS) is a multipurpose
environmental analysis system for use by regional, state, and local agencies in performing watershed-
and water-quality-based studies. It was developed by the U.S. Environmental Protection Agency’s
(EPA’s) Office of Water to address three objectives:

e To facilitate examination of environmental information
e To support analysis of environmental systems
e To provide a framework for examining management alternatives

Because many states and local agencies are moving toward a watershed-based approach, the BASINS
system is configured to support environmental and ecological studies in a watershed context. The
system is designed to be flexible. It can support analysis at a variety of scales using tools that range from
simple to sophisticated.

BASINS was also conceived as a system for supporting the development of Total Maximum Daily Loads
(TMDLs). Section 303(d) of the Clean Water Act requires states to develop TMDLs for water bodies that
are not meeting applicable water quality standards by using technology-based controls. Developing
TMDLs requires a watershed-based approach that integrates both point and nonpoint sources. BASINS
can support this type of watershed-based point and nonpoint source analysis for a variety of pollutants.
It also lets the user test different management options.

Traditional approaches to watershed-based assessments typically involve many separate steps preparing
data, summarizing information, developing maps and tables, and applying and interpreting models. Each
individual step is performed using a variety of tools and computer systems. The isolated implementation
of steps can result in a lack of integration, limited coordination, and time-intensive execution. BASINS
makes watershed and water quality studies easier by bringing key data and analytical components
“under one roof”. Using the familiar Windows environment, analysts can efficiently access national
environmental information, apply assessment and planning tools, and run a variety of proven, robust
nonpoint loading and water quality models. With many of the necessary components together in one
system, the analysis time is significantly reduced, a greater variety of questions can be answered, and
data and management needs can be more efficiently identified. BASINS takes advantage of recent
developments in software, data management technologies, and computer capabilities to provide the
user with a fully comprehensive watershed management tool.

A geographic information system (GIS) provides the integrating framework for BASINS. GIS organizes
spatial information so it can be displayed as maps, tables, or graphics. GIS provides techniques for
analyzing landscape information and displaying relationships. Through the use of GIS, BASINS has the
flexibility to display and integrate a wide range of information (e.g., land use, point source discharges,
water supply withdrawals) at a scale chosen by the user. For example, some users will need to examine
data at a multistate scale to determine problem areas, compare watersheds, or investigate gaps in data.
Others will want to work at a much smaller scale, perhaps investigating a particular river segment



impaired by multiple point source discharges. This “zooming” capability of BASINS makes it a unique and
powerful environmental analysis tool.

Some agencies might wish to perform analyses at a variety of scales, in a nested fashion, to meet several
objectives at once. BASINS is designed to facilitate all of these scenarios because it incorporates tools
that operate on both large and small watersheds. Adding locally developed, high-resolution data sources
to existing data layers is an additional option that expands the local-scale evaluation capabilities.

BASINS comprises a suite of interrelated components for performing the various aspects of
environmental analysis. The components include (1) nationally derived databases with tools to Build
New Projects; (2) Watershed Characterization Reports that address large- and small-scale
characterization needs; (3) utilities to facilitate organizing and evaluating data; (4) tools for Watershed
Delineation; (5) infrastructure to include watershed loading and transport models such as Hydrological
Simulation Program - Fortran (HSPF) and Soil and Water Assessment Tool (SWAT).

The watershed characterization component, working under the GIS umbrella, allows users to quickly
evaluate selected areas, organize information, and display results. The model inclusion capability allows
users to examine the impacts of pollutant loadings from point and nonpoint sources. Working together,
these modules support several specific aspects of watershed-based analysis by

e Identifying and prioritizing water-quality-limited waters.

e Supplying data characterizing point and nonpoint sources and evaluating their magnitudes and
potential significance.

e Integrating point source and nonpoint source loadings and fate and transport processes.
e Evaluating and comparing the relative value of potential control strategies.

e Visualizing and communicating environmental conditions to the public through tables, graphs, and
maps.

This user’s guide provides information on the systems and procedures in BASINS Version 4.5 Core. This
version provides some significant enhancements and functions beyond those provided by the earlier
releases of BASINS, Versions 1.0 through 4.1. The modification and enhancement of the program reflect
the extensive comments and input provided by the user community regarding earlier versions. The
significant changes between BASINS versions include the following:

BASINS 4.5 Core

e Complete replacement of all the data download libraries with the D4EM version of these libraries.
Data for Environmental Modeling, or D4EM, is a comprehensive set of tools that obtains and
processes data to be used in mathematical environmental models. See
http://www.epa.gov/athens/research/d4em.html for more information.

o Updates the HUCS layer of the ‘Build New Project’ national map to use the March 2017 update of
the Watershed Boundary Dataset (WBD).


http://www.epa.gov/athens/research/d4em.html

e Provides access to both National Hydrography Dataset Plus (NHDPIlus) version 1.0 and 2.1 through
the data download tool.

e Updates the National Land Cover Database (NLCD) data download options to include 2011 land use
and impervious area data

e Updates the North American Land Data Assimilation System (NLDAS) download to allow access to
the full suite of meteorological constituents needed for watershed and in-stream models, as well as
a new option to adjust time from UTC to the project time zone.

e In BASINS 4.5 Core, all model plugins are installed separately from the BASINS 4.5 Core install.

BASINS 4.1

e This release of BASINS is built upon the latest stable release of the non-proprietary, open-source GIS
MapWindow GIS (MapWindow web site). Along with the update to the underlying GIS platform, the
BASINS automatic watershed delineation tools have been updated to use TauDEM version 5 from
Utah State University.

e Ensured 64-bit compatibility and compatibility with Windows 8.

BASINS 4.0

e The first version of BASINS to be primarily based on a non-proprietary, open-source GIS foundation.
MapWindow GIS (MapWindow web site) is the lightweight open-source GIS upon which BASINS 4.0
is built. While not being dependent upon any proprietary GIS platform, the core of BASINS 4.0 is
designed to complement and interoperate with enterprise and full-featured GIS systems. BASINS
4.0 can import and export projects from ArcView 3.x and ArcGIS 9.x. This interoperability allows
users access to features available in these systems but not BASINS 4.0. Along with the change to
the underlying GIS platform, the BASINS extensions were refactored as they were ported to the new
system.

e New plug-ins were developed to support several additional models, including SWMM, WASP and
GWLF-E. DFLOW was added as an analysis tool, and NHDPIlus and NLDAS Precipitation were added
as available download types.

BASINS 3.1

e Entirely web-based data extraction. CD sets are no longer released by EPA region, but as only one
master CD for the BASINS system and tutorial data. All other data is downloaded from the web as
needed.



e A new Data Download tool that manages the downloading of data from the web.

e A Build New Project tool that provides an interface for selecting the geographic area of interest from
among the entire 48 contiguous United States.

o Refined BASINS web data holdings.
e 30-meter DEMs, from the National Elevation Dataset (NED).

e A new Archive and Restore tool, to assist with storage and retrieval of BASINS projects, with the
ability to compare two BASINS projects.

e New extensions for the AQUATOX model and the AGWA GIS-based modeling tool.

e A new report tool based on the Watershed Characterization System (WCS)

BASINS 3.0
e Addition of grid data sets including USGS DEM elevations grids (1:250,000 scale).

e Additional flexibility for users to import their own data layers including elevation, landuse soils,
streams and point sources layers in shapefile and/or grid file formats.

e New utility to perform automatic watershed delineations based on DEM data. The new watershed
delineation tool is used to generate and define the watershed boundary, stream network, and point
source discharge layers to be used for watershed modeling using HSPF or SWAT. The stream
network can be generated based on the DEM or defined by an existing stream layer such as USEPA
Reach File, Version 1 or National Hydrography Dataset (NHD). Point source locations can be
selected from the permit compliance system layer or manually added. The tool also generates many
of the watershed and stream characteristics needed for modeling including slopes, elevations, and
stream widths and depths.

e Asignificantly enhanced manual delineation tool that provides users additional flexibility in editing
shapes and attributes of manually delineated watersheds.

e A grid projector that extends the ArcView projection tool to also project grid data. This component
requires Spatial Analyst.

e An NHD download tool that allows users to download NHD data layers from the USGS web site and
import them directly into a BASINS project window using the correct projection.

e Incorporation of the Soil and Water Assessment Tool (SWAT) developed by the USDA Agriculture
Research Service (ARS). SWAT is a physical based, watershed scale model that was developed to
predict the impacts of land management practices on water, sediment and agricultural chemical
yields in large complex watersheds with varying soils, land uses and management conditions over



long periods of time. SWAT2000 is the underlying model that is run from the BASINS ArcView
interface. SWAT requires the Spatial Analyst extension.

e A new interface to the Hydrological Simulation Program - Fortran (HSPF), called WinHSPF. In earlier
versions of BASINS, the interface to HSPF was known as the Nonpoint Source Model (NPSM).
WinHSPF builds upon the successes of NPSM, but adds enhanced graphical displays and editing
capabilities such that all features of HSPF are available in WinHSPF. WinHSPF fully supports the
MASS-LINK, SCHEMATIC and SPECIAL ACTIONS blocks of the UCI File. This interface also directly
reads HSPF UCl file.

e A postprocessor known as GenScn. GenScn works with data in a variety of formats including
Watershed Data Management (WDM) files, SWAT output files, and BASINS observed water quality
files.

o A utility program for managing WDM files known as WDMUtil. WDM files are used by HSPF for
input and output time-series data. WDMUtil was designed to help manage the large volumes of
time-series data used with HSPF, as well as to add additional time series where needed.

e A pollutant loading program known as PLOAD. Developed by CH2M-Hill, PLOAD estimates nonpoint
sources of pollution on an annual average basis, for any user-specified pollutant, using either the
export coefficient or simple method approach.

BASINS 2.0

e Additions to the base data sets include USEPA Reach File Version 3 Alpha (RF3 Alpha), STATSGO
soils, DEM elevation data, federal and Indian land boundaries, water quality observation data,
ecoregions, fish and wildlife consumption advisories, shellfish contamination, and Clean Water
Needs Survey.

o New utilities to facilitate data preparation such as Watershed Delineation and Watershed
Characterization Reports.

e Expanded functionality of the nonpoint source modeling system to include in-stream transport and
visualization.

e Postprocessing tools for evaluation of model output.

Users are encouraged to continue to provide EPA with comments and recommendations for further
development. Future enhancements to the system might include adding additional types of information,
using higher-resolution data, providing Internet access to data and model updates, expanding
assessment and evaluation capabilities, providing enhanced data management and display tools, and
adding a wider range of nonpoint source water quality and ecological modeling techniques.



System Overview and What’s New

The BASINS 4.5 Core system combines several components to provide the range of tools needed for
performing watershed and water quality analyses. These interrelated components can be summarized
as follows:

e National environmental databases

e  Watershed characterization tools

e  Utilities

e Watershed and In-stream Water quality models (model plugins available and installed separately)
e Analysis tools and Postprocessors

A graphical representation of the BASINS components and their operating platform is provided in the
figure below.
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The BASINS physiographic data, monitoring data, and associated assessment tools are integrated in a
customized geographic information system (GIS) environment. MapWindow GIS (MapWindow web site)
is the lightweight open-source GIS upon which BASINS 4.0 and subsequent versions are built. The GIS
used in earlier versions is ArcView 3.x developed by Environmental Systems Research Institute, Inc. The
simulation models are integrated into this GIS environment through a dynamic link in which the data
required to build the input files are generated in the GIS environment and then passed directly to the
models. The results of the simulation models can also be displayed visually and can be used to perform
further analysis and interpretation.

BASINS 4.0 was the first version of BASINS to be primarily based on a non-proprietary, open-source GIS
foundation. While not being dependent upon any proprietary GIS platform, the core of BASINS 4.0 was
designed to complement and interoperate with enterprise and full-featured GIS systems. BASINS 4.0
and 4.1 can import and export projects from ArcView 3.x and ArcGIS 9.x. This interoperability allows
users access to features available in these systems but not BASINS.



Previous versions of BASINS included Model Plug-ins within the BASINS installation. However, in BASINS
4.5 Core, all Model Plug-ins are packaged and installed separately. The architecture allows users to
develop and include their own plug-ins in their BASINS 4.5 Core installation. A list of EPA provided
Model Plug-ins, along with a short description of its function, is provided below. WinHSPF and WASP
plug-ins will continue to be supported by U.S. EPA. The remaining Plug-ins in the list will be made
available for installation but will not be supported by U.S. EPA.

Watershed Model plug-ins:

WinHSPF is an interface to the Hydrological Simulation Program Fortran (HSPF). HSPF is a watershed
scale model for estimating instream concentrations resulting from loadings from point and nonpoint
sources.

SWAT is a physical based, watershed scale model that was developed to predict the impacts of land
management practices on water, sediment and agricultural chemical yields in large complex
watersheds with varying soils, land uses and management conditions over long periods of time.
SWAT2005 is the underlying model that is run from the BASINS MapWindow interface.

SWMM is a dynamic rainfall-runoff simulation model used for single event or long-term (continuous)
simulation of runoff quantity and quality from primarily urban areas. The routing portion of SWMM
transports this runoff through a system of pipes, channels, storage/treatment devices, pumps, and
regulators.

Instream / Water Quality Models:

AQUATOX is a simulation model for aquatic systems that predicts the fate of various pollutants, such
as nutrients and organic chemicals, and their effects on the ecosystem, including fish, invertebrates,
and aquatic plants.

WASP is a dynamic compartment-modeling program for aquatic systems, including both the water
column and the underlying benthos.

Loading models:

GWLF-E, an extension of the Generalized Watershed Loading Function (GWLF) model. GWLF-E is a
‘mid-level’ model that estimates monthly nutrient and sediment loads within a watershed.

PLOAD, a pollutant loading model. PLOAD estimates nonpoint sources of pollution on an annual
average basis, for any user-specified pollutant, using either the export coefficient or simple method
approach.

The BASINS 4.x system architecture was completely reengineered for version 3.0. Unlike its



predecessor, all customized components of BASINS 3.0, such as model interfaces, data management
utilities, and watershed assessment tools, are developed as BASINS extensions, thereby providing users
the capability to load only the extensions needed for their BASINS project. The new architecture also
allows the system to support several levels of hardware and software sophistication. For the developers,
it will be easier to maintain and provide updates of the individual extensions rather than issuing a new
version of the entire system. This makes it also easier for the users to upgrade their system.

The BASINS GIS provides built-in additional procedures for data query, spatial analysis, and map
generation. These custom BASINS procedures allow a user to visualize, explore, query available data,
and perform individualized and targeted watershed-based analyses. Some familiarity with desktop GIS
systems is helpful in accessing and fully utilizing the capabilities of BASINS and the custom analytical
tools. Furthermore, as users become familiar with GIS operations, environmental relationships can be
further investigated using complex queries, overlays, proximity analyses, and buffer analyses.

BASINS 4.5 Core provides the following additional enhancements and features:

e Updates the HUCS8 layer of the ‘Build New Project’ national map to use the March 2017 update of
the Watershed Boundary Dataset (WBD).

e Provides access to both NHDPIus version 1.0 and 2.1 through the data download tool.



Databases

The BASINS system includes a variety of databases that are extracted and formatted to facilitate
watershed-based analysis and modeling. The databases were compiled from a wide range of federal
sources. The data were selected based on relevance to environmental analysis, national availability, and
scale and resolution. As new data become available, updates may be distributed through the BASINS
Internet site (see Download). Users are also encouraged to import locally derived data sets or higher-
resolution layers into BASINS to support the most appropriate and accurate analysis. The data included
within BASINS are intended to provide a starting point and data for those areas where limited site-
specific information is available.

Four types of data are delivered with the BASINS analysis system:
e Base cartographic data

e Environmental background data

e Environmental monitoring data

e Point sources/loading data

Base Cartographic Data
BASINS’ base cartographic data include administrative boundaries, hydrologic boundaries, and major
road systems. These data are essential for defining and locating study areas and defining watershed

drainage areas. The base cartographic data products included in BASINS are listed below.

Base Cartographic Data

Data Product Source Description

Hydrologic Unit Boundaries U.S. Geological Survey (USGS) Nationally consistent delineations
of the hydrographic boundaries
associated with major U.S. river

basins

Major Roads Federal Highway Administration  Interstate and state highway
network

Populated Place Locations USGS Location and names of populated
locations

Urbanized Areas Bureau of the Census Delineations of major urbanized

areas used in 1990 Census




State and County Boundaries  USGS
EPA Regions USGS

Census Shapefiles Bureau of the Census

Administrative boundaries
Administrative boundaries

Boundary layers and associated
tabular data from the 1990 and
2000 Census of Population, as well
as the TIGER line files showing
roads, railroads, and other linear
features

Environmental Background Data

Environmental background data provide information to support watershed characterization and
environmental analyses. These data include information on soil characteristics, land use layers, and the
stream hydrography. This information is used in combination with modeling tools to perform more
detailed assessment of watershed conditions and loading characteristics. The environmental

background data included in BASINS are listed below.

Environmental Background Data

BASINS Data Product Source Description

Ecoregions Level llI U.S. Environmental Protection Ecoregions and associated
Agency (USEPA) delineations

National Water Quality USGS Delineations of study areas

Assessment (NAWQA) Study
Unit Boundaries

State Soil and Geographic U.S. Department of Agriculture,
(STATSGO) Database Natural Resources Conservation
Service (USDA-NRCS)

Managed Area Database University of California, Santa
Barbara

Reach File Version 1 (RF1) USEPA

National Hydrography USGS

Datasetl

Soils information including soil
component data and soils

Data layer including federal and
Indian lands

Provides stream network for major
rivers and supports development
of stream routing for modeling
purposes (1:500k)

Spatial dataset based upon the
USGS DLG and the USEPA Reach
File Version 3, that is more refined




and expanded. Contains
information about surface water
features which are combined to
form reaches (surface water
drainage network), facilitating in
routing for modeling
purposes(1:100K)

NHDPIlus 1.0/2.11 US EPA an integrated suite of application-
ready geospatial data sets that
incorporates many of the best
features of the National
Hydrography Dataset (NHD), the
USGS Watershed Boundary
Dataset (WBD), and the National
Elevation Dataset (NED), along
with other value-added attributes.

Digital Elevation Model USGS Topographic relief mapping;

(DEM) 1 supports watershed delineations
and modeling

National Elevation Dataset USGS Topographic relief mapping;

(NED) 1 supports watershed delineations

and modeling

Land Use and Land Cover USGS Boundaries associated with land
(GIRAS) 1 use classifications including
Anderson Level 1 and Level 2

National Land Cover Data USGS MRLC GIS layers from the NLCD dataset
(NLCD) 1992, 2001, 2006, and
20111

Environmental Monitoring Data

BASINS contains several environmental data products developed from existing national water quality
databases. These databases were converted into locational data layers to facilitate the assessment of
water quality conditions and the prioritization and targeting of water bodies and watersheds. These data
can be used to assess the current status and historical trends of a given water body and also to evaluate
the results of management actions. The environmental monitoring data included in BASINS are listed
below.

BASINS Environmental Monitoring Data



BASINS Data Product

Source

Description

Water Quality Monitoring
Stations and Data Summaries

Bacteria Monitoring Stations
and Data Summaries

Water Quality Stations and
Observation Data

STORET

Station Locations from
NWIS1

USGS Data from NWIS1

Meteorologic Stations1

Meteorologic Databasel

NLDAS Meteorological Datal

USEPA

USEPA

USEPA

USEPA

USGS

USGS

National Oceanic and Atmospheric
Administration (NOAA)

NOAA

NASA/NOAA

Statistical summaries of water
quality monitoring for physical and
chemical-related parameters;
parameter-specific statistics
computed by station for 5-year
intervals from 1970 to 1994 and 3-
year interval from 1995 to 1997

Statistical summaries of bacteria
monitoring; parameter-specific
statistics computed by station for
5-year intervals from 1970 to 1994
and 3-year interval from 1995 to
1997

Observation-level water quality
monitoring data for selected
locations and parameters

Observation-level water quality
monitoring data from the EPA
STORET database

Station locations for the selected
station types, including ‘Daily
Discharge’, ‘Water Quality’,
‘Measurements’ and ‘Ground
Water’

Data values collected at the
selected USGS station locations

Location of stations in the updated
BASINS Meteorological database
(Version 2009)

BASINS Meteorological data from
the updated BASINS
Meteorological database (Version
2009)

Hourly meteorological data from
NLDAS (North American Land Data
Assimilation System) Phase 2




Point Source/Loading Data

BASINS also includes information on pollutant loading from point source discharges. The location, type
of facility, and estimated loading are provided. These loadings are also used to support evaluation of
watershed-based loading summaries combining point and nonpoint sources. The point source/loading
data included in BASINS are listed below.

BASINS Point Source/Loading Data

BASINS Data Product Source  Description

Permit Compliance System (PCS) Sites and USEPA  NPDES permit-holding facility information;

Computed Annual Loadings contains parameter-specific loadings to surface
waters computed using the EPA Effluent Decision
Support System (EDSS) for 1990-1999

1Data Layers that are added into the BASINS project using the Data Download.



Environmental Assessment Tools

Watershed characterization is key to understanding water quality issues and pollution sources in the
watershed. In addition to evaluation of the watershed condition, it provides the necessary information
to assess monitoring programs, identify data gaps, and develop watershed-water quality modeling
strategies.

The BASINS system includes tools designed to assist in summarizing key watershed information in a
format suitable for preparing Watershed Characterization Reports. These tools produce tables that
inventory and characterize both point and nonpoint sources at the watershed and subwatershed scales.

Watershed Characterization Reports

BASINS provides users the capability to generate eight different types of Watershed Characterization
Reports, each in tabular form:

e 1990 Population and Sewerage by Census Tract

e 2000 Population and Census Tract Table

e Landuse Distribution Table

e Permitted Point Source Facilities Table

e Point Source Discharge Concentration and Loading Table

e Water Quality Observations Stations Table

Watershed Characterization System

The BASINS Watershed Characterization System can be used to select and generate several standard
reports designed to describe the physical characteristics of watersheds (subbasins) you have defined.
This feature is more customized version of the Watershed Characterization Reports. The following
reports are available:

e Water Bodies
e Population Estimates
e Housing and Sewage

e Soil Characteristics



e Landuse Characterization
o Permitted Point Sources

e Data Summary



Utilities
Manual Delineation Tool

The BASINS Manual Watershed Delineation tool allows the user to delineate subwatersheds manually
It allows the user to subdivide a watershed into several smaller hydrologically connected watersheds

based on the user’s knowledge of that watershed’s drainage topography. The tool also provides users
the flexibility to edit shapes and attributes of manually delineated watersheds, outlets and generating

stream networks.

Automatic Delineation Tool

The BASINS Automatic Watershed Delineation tool allows the user to delineate subwatersheds based
on an automatic procedure using Digital Elevation Model (DEM) data. User specified parameters

provide limits that influence the size and number of subwatersheds created.

Land Use Reclassification

The Land Use Reclassification tool assists the user in grouping or renaming land use categories as
needed to support modeling and analysis. Land uses can be reclassified in one of two ways:
reclassification of the entire layer (all land uses) or reclassification of selected layers (single or multiple

land uses from within an entire layer).

Lookup Tables

The Lookup Tables provide users quick access to relevant reference information on data products
included within BASINS. Information is provided for products such as the map projection, definition of
agency codes for monitoring data, Standard Industrial Classification (SIC) codes, and the water quality

criteria and threshold values of selected pollutants.



Analysis Tools and Postprocessors

Climate Assessment Tool (CAT)

The BASINS Climate Assessment Tool (CAT) provides a flexible set of capabilities for representing and
exploring climate change and its relationship to watershed science. Tools have been integrated into the
BASINS system allowing users to create climate change scenarios by modifying historical weather data,
and to and use these data as the meteorological input to several BASINS watershed models (HSPF,
SWAT, and SWMM). A capability is also provided to calculate specific hydrologic and water quality
endpoints important to watershed management based on model output (e.g. the 100-year flood or
7Q10 low flow event). Finally, the CAT can be used to assess the outcomes of a single climate change
scenario, or to automate multiple model runs to determine the sensitivity or general pattern of
watershed response to different types and amounts of climate change. In BASINS 4.5, CAT is included
within the WinHSPF model plugin installation package.

Time Series Functions

BASINS contains utilities to manage and analyze available project time-series data. Project time-series
data are managed through the Time-Series Management Utilities. The Graph menu item is used to
produce graphs of the selected time series. When the ‘Graph’ menu item is selected, a form is produced
for choosing from among a set of possible graph types. Among the implemented graph types include
Timeseries, Flow/Duration, Running Sum, Residual, Cumulative Difference, and Scatter. The List menu
item produces a listing of dates and associated values for the selected time series.



Hardware and Software Requirements

BASINS Version 4.5 Core is a customized MapWindow GIS application that integrates environmental
data, analysis tools, and modeling systems. BASINS’ hardware requirements are, at a minimum, similar
to those of the PC-based MapWindow system. There are no additional software requirements for
BASINS because all software components integrated into the program are open source.

Users must have administrator privileges to install BASINS.

BASINS can be installed and operated on machines with the Microsoft Windows operating system
equipped with the software, random access memory (RAM), virtual memory, and hard disk space

presented in the table below.

Because the performance (response time) under the minimum requirements option might be too slow
for some users especially when dealing with large data sets, a preferred set of requirements is also

included.

BASINS Hardware/Software Requirements

Hardware/Software

Minimum Requirements

Preferred Requirements

Processor
Available hard disk space

Random access memory
(RAM)

Color monitor

DVD/Compact disc
reader/writer

Internet Connection

Operating system

1GHz processor
2.0Gb

512 Mb of RAM plus 2 Gb of page
space

16 bit color, Resolution 1024x768

Optional

WiFi

Windows 7, Windows 8, or later

2GHz processor or higher
10.0 Gb

1 Gb of RAM plus 2 Gb of page
space

32 bit color, Resolution 1600x1200

Optional

DSL or better

Same

Internet Explorer 9.0 or newer is required to view help files.



Installation

Installation Instructions for BASINS 4.5 Core

BASINS 4.5 Core is available at http://www2.epa.gov/exposure-assessment-models/basins-user-
information-and-guidance.

BASINS 4.5 Core is distributed as a single installation program. The setup program provides a software
wizard which guides the user through the setup process.

Installation Requirements

It is assumed that BASINS users already have some familiarity with Microsoft Windows, as well as GIS
concepts, and that they have a basic understanding of water quality analysis techniques and modeling.

The user must have administrator privileges before starting the installation. Since some new system
files are included in this release, the user may need to restart Windows after some files have been
updated before continuing with the installation.

Installing BASINS 4.5 Core

The BASINS installation program copies BASINS system files and tools, and it also sets up BASINS icons
automatically.

The BASINS installation program allows the user to install the BASINS system. The BASINS system
installation program installs all of these components to your local hard drive in a fixed directory
structure. It also sets up a Windows BASINS program group that includes icons for the BASINS
components.

When running the installation program, follow the instructions on the screen.

Tip:  The BASINS installation program does not copy any BASINS data (except the optional tutorial) to
your hard drive.

Tip:  If you have multiple hard drives or partitioned drives, you may have only one BASINS directory in
each partitioned or physical drive.

General Notes
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It is recommended that the BASINS system be installed at the root of a drive. The user must have write
access to the folder in which BASINS is installed.

Be sure you have administrator privileges before starting the installation. Since some new system files
are included in this release, you may need to restart Windows after some files have been updated
before continuing with the installation.

Notes for Users Upgrading to BASINS 4.5 Core

If you have an earlier version of BASINS installed already, uninstall it before installing BASINS 4.5.
Earlier BASINS project files and data will not be deleted during the uninstall process. Earlier BASINS
projects (MapWindow .mwprj files) may not open correctly in BASINS 4.5 Core, but the map layers may
be loaded into new BASINS 4.5 Core projects.



Finding Functionality from Earlier Versions

Users of earlier versions of BASINS (3.1 and prior) might need a few minutes to become familiar with the
new features and structure of BASINS 4.0 and subsequent versions. Not all of the earlier BASINS
components have a directly corresponding component in later versions of BASINS. This section is
included to help users of BASINS 3.1 find the functions of BASINS 4.0 and subsequent versions that fulfill
the same functional requirements as BASINS 3.1. Unless otherwise noted, a directly corresponding
component of the current version of BASINS exists for each component of BASINS 3.1.

As stated previously, BASINS 4.0 and subsequent versions are built upon a lightweight open-source GIS
known as MapWindow GIS (MapWindow web site, Introduction to MapWindow). BASINS 4.0 was the
first version of BASINS to be primarily based on a non-proprietary, open-source GIS foundation.

Environmental Assessment Tools

The Assessment Tools from BASINS 3.1, TARGET, ASSESS, and Data Mining, have been superseded in
version 4.0 and subsequent versions by the new Watershed Characterization Reports tool. The
Watershed Characterization Reports are more powerful than ever before, with a full scripting capability
and the ability to summarize within any set of user-specified polygons.

Utilities

The Theme Manager component from BASINS 3.1 has been discontinued for version 4.0 and
subsequent versions. All of the auxiliary map layers from BASINS 3.1 are loaded onto the map as the
project is created. The legend grouping capability of MapWindow is used to group the layers logically.

The BASINS Import Tool from BASINS 3.1 is not available in BASINS 4.0 and subsequent versions because
each of the BASINS components has been re-engineered to accommodate user-supplied GIS layers. Itis
anticipated that users will want to import locally developed data, which might be more accurate, at a
higher resolution, or more reflective of current conditions. Such layers can be added to the map and
then used by the BASINS tools directly.

The functionality of the Grid Projector from BASINS 3.1 is now built into the core GIS. In BASINS 4.0 and
subsequent versions a grid may be downloaded, projected, and loaded into the project seamlessly, and
in one step. Since the core GIS handles grid data, no special extensions are needed to accommodate
grids.

The Predefined Delineation Tool of BASINS 3.1 has been discontinued for BASINS 4.0 and subsequent
versions. Any user-supplied layers can be brought into BASINS through the core GIS functionality.
Advanced functionality of each of the BASINS components has been developed to accommodate user-
supplied GIS layers. User-supplied subbasins and streams layers can be used as inputs to the Manual
Watershed Delineator to produce output streams and subbasins layers with the required attributes for
modeling.

The functionality of the Water Quality Observation Data Management utility is part of the core GIS



functionality. With MapWindow GIS, users can manipulate water quality observation locations and
data.

DEM Reclassification is part of the standard MapWindow GIS legend editor features.

GenScn facilitates the display and interpretation of output data derived from model applications.
GenScn is not a model itself. It serves as a postprocessor for both the HSPF and SWAT models, as well as
a tool for visualizing observed water quality data and other time-series data. Beginning with BASINS 4.1,
GenScn is available as a separate download at http://www.aguaterra.com/basins4. Most of the
functionality of GenScn is now included in the core BASINS user interface.

WDMUtil is a utility program for managing Watershed Data Management (WDM) files, which contain
input and output time-series data for HSPF. Beginning with BASINS 4.1, WDMUJil is available as a
separate download at http://www.aquaterra.com/basins4. The import functionality of WDMULtil has
migrated to the BASINS 4.x feature Read Data with Script.

Performing ‘WDMULil’ Functions in BASINS 4.5 Core

Much of the WDM Time-series management functionality of WDMUTil is available through the ‘File’
menu option in BASINS, especially through the ‘File:Manage Data’ menu option. This functionality is
documented in the user’s manual under Time-Series Management.

To create a new WDM file in BASINS: Use ‘File:New Data’. Select ‘WDM Time Series’ as the file type,
and specify the file name using the open file dialog.

To import local weather data using scripts: Use ‘File:OpenData’. Select ‘Read Data with Script’ as the
file type, navigate to the text file of timeseries data using the file dialog, and then a script selection form
appears. Click ‘Find’ to select the script to use, or click ‘Edit’ to create a new one, and then click ‘Run’ to
import the data.

To save the newly added timeseries to WDM: Use ‘File:Save Data In’. Select the name of the WDM file
from those available in the current BASINS project, select the timeseries from the list of those available,
and click ‘OK’. The timeseries will be written to the WDM file.

To view the contents of a WDM file: Use ‘File:Manage Data’. Then choose the ‘Analysis:List’ menu item.
Select ‘no’ to see a full list of data sets available. A data selection window will appear which summarizes
the contents of the WDM file.

To edit attribute values: Use ‘Analysis:List’ to list the data. In the Timeseries List window, use
‘File:Select Attributes’ to select which attributes will be visible. Edit attributes as desired. Close the list,
then use ‘File:Save Data In’ to save the revised timeseries to the selected WDM file.

To edit timeseries values: Use ‘Analysis:List’ to list the data. Edit the values as desired. Close the list,
then use ‘File:Save Data In’ to save the revised timeseries to the selected WDM file.


http://www.aquaterra.com/basins4
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To delete a WDM timeseries: Use ‘File:Manage Data’. Select the file name in the Data Sources window,
and then choose the ‘File:Remove Data from File’ menu item. Choose the timeseries to be deleted.

Functions for computing meteorological timeseries and performing time step disaggregation for
meteorological data are available within the ‘Compute:Meteorologic Generation’ menu option. These
functions are documented in the user’s manual under Compute.

To perform meteorological computations: Use ‘Compute:Meteorologic Generation’, then choose the
particular function desired. Once the new timeseries is computed, save the new timeseries to WDM.

To disaggregate a meteorological timeseries: Use ‘Compute:Meteorologic Generation’, then choose the
particular disaggregation function desired. Once the new timeseries is computed, save the new
timeseries to WDM.



BASINS Details

This section of the manual provides information on the utilities available in BASINS and detailed
instruction on how to construct and manage a project within BASINS. BASINS has a wide range of
implicit utilities as well as links and plug-ins that avail the utility of other software programs via the
BASINS interface. This section begins with a discussion of the BASINS interface, available plug-ins and
the utilities they provide, then moves on to the procedures necessary to build and manage a BASINS
project, and concludes with instruction on how to use information from the BASINS project to set up
separate independent, yet linked, watershed models.



User Interface

The BASINS user interface is based on a customized MapWindow interface. Within the system, all forms
consist of menus, toolbars, text boxes, buttons, lists, tables, check boxes, and radio buttons. Both the
left and right mouse buttons are used for mouse interaction.

The BASINS windows are organized logically, with access to the most basic and relevant information
available easily, and more detailed information available through additional menus or buttons.
Similarly, some windows organize data by stacked tabs, with the most frequently used tabs at the top of
the stack.

The BASINS user interface was designed to ensure that the user knows where they are within the
system. Each window is labeled with a title that indicates its function and confirms to the user that the
menu item or button they used took them to the expected place. The name on the main window is
updated each time a project is opened to reflect the project’s file name. An asterisk appears after the
project’s file name when the project has unsaved changes.

BASINS Customized MapWindow Interface

The BASINS customized MapWindow interface contains all of the menu, button, and toolbar items that
are present in the standard MapWindow interface. This provides access to MapWindow’s full array of
utilities, including raster and vector operations and managing their associated attribute tables. These
tools and menus are activated through the Plug-ins menu item on the main form, which is also used to
access a number of additional menus and tool bar items that execute watershed delineation, BASINS
utilities, data management and analysis tools, watershed characterization reports, and watershed
models. The BASINS customized MapWindow interface is shown below.

Note: Depending on which plug-ins are installed and activated, the user’s main BASINS menus may look
different than the menu depicted in screenshots throughout this documentation.



# _BASINS 4.5 - 02060006* _|of x|

File aWahershed Delineation aModeIs Ihl_! Compute hl-! Launch h‘! Analysis  Layer View Bookmarks Plug-ns  Converters  Shapefile Editor  Help

"+ T . i = ~H
@@ @e @ [z @ ln y & P % ik O +
: New Open Save Print Setfings ! Add Remove Clear | Symbology Categories Query Properties Table |© Select Deselect Measure Identify Label Mover |
= o a8 ~ Ty 1 e + + - e [ N % + E
&) (= 1 B & =hin  =hpo . B
PO O s b | (8] g5 shp shp O 7 p —

In Qut Extent Selected Previous Pext Layer .E MNew Insert Add Remove Copy Paste Merge Erase Erase beneath Mové Rot-ate Resize Move vertex B

R x &w —

Layers | Toobox |

FH [ NAWQA Study Area Unit ;I
Bl [ Hydrology

Reach File, V1 <5 —

EH[] Cataloging UnitCode

[ Accounting Unit Boundarie

Cataloging Unit Boundarie
Bl & Political

] Urban Area Names .

E[] County Names &

EH[] County Boundaries O

[ EPARegion Boundaries

State Boundaries & []

] Urban Area Boundaries
EI[J [ Transportation

FH [ Major Roads @ —
B[] [ Soil, Land UseiCover

E [ Ecoregions (Level ) [

@[] Land Uselndex <& []

[ Managed Area Database

E[] State Soil D

[

EI[V] [ Elevation

= Digital Elevation Moddl (0 -
0-131

o

] 131-282 x|
Preview Map o x
hd (=)
% [kﬁ : 4
UTM Zone 18, Northern Hemisphere | X: 367,054,308 Y: 4,251,308. 120 Meters | Lat: 38,400 Long: -76.523 | 1:698438 | BASINS Status .:

Menu Missing

When the main BASINS window is not at full width, items on the right-hand side of the menu will be cut
off. To access these menu items, including the Help menu, simply maximize the BASINS window.

Standard MapWindow Toolbar Items
The following MapWindow toolbar items are available in the BASINS customized MapWindow interface.

They are used throughout this manual. Use this section as a reference during execution of BASINS
functions.
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Visit the MapWindow web site for complete documentation on that program.

For further instructions and videos about using MapWindow, consult MapWindow Tutorials (Note: .pdf
documents must be opened in a separate window). Keyboard Shortcuts To provide users
flexibility, use of a mouse is not necessary in BASINS.

MapWindow Shortcuts
There are several keyboard shortcuts that facilitate MapWindow-related functions, such as zooming

and panning within the main BASINS screen. These shortcuts are listed in the Help: Keyboard Shortcuts
menu option:



Help

MapWindow Documentation (Online)
BASIMS Web Page

BASIMS Documentation

Getting started with MapWindow
Report a bug

Keyboard Shortcuts
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Register as a BASIMNS user
Check For Updates

Show Status Monitor
Send Feedback

Welcome Screen

About

This opens the following screen:




x

& The following keyboard shortcuts are available:

Del - Remove the currently selected layer.
Ins - Add a layer.

Ctrl-5 - Save the project.

Ctrl-0 - Open a project.

Ctrl-C - Copy a map snapshot to the dipboard.
Ctrl-P - Open the Print Preview window

Ctrl-I - Feature Identifier Mode

Ctrl-H - Shape Selection/Highlight Mode
Ctrl-F4 - Cloze the current project.

Home - Zoom to Full Extents

Ctrl-Home - Zoom to Selected Layer

Plus - Zoom in on center of map (25%: of View)
Minus - Zoom out on center of map (25% of View)

Page-Up - Pan Up (50%: of View)
Page-Down - Pan Down (50%: of View)
Up Arrow - Pan Up (25% of View)
Down Arrow - Pan Down (25% of View)
Left Arrow - Pan Left (25% of View)
Right Arrow - Pan Right (25%: of View)
Ctrl-5hift-I - Enter Zoom In mode.
Ctrl-Shift-O - Enter Zoom Out mode.
Ctrl-5hift-P - Enter Pan mode.
Ctrl-Spacebar: Toggle visibility on layer
Ctrl-Up, Ctrl-Down: Switch selected layer in legend
Ctrl-Enter - Layer Properties

“F1” Keyboard Shortcuts
As an added help feature in BASINS, the user can press the F1 key on many screens to access
corresponding Help information from the BASINS documentation. For example, pressing F1 from the

main BASIN window will open the BASINS documentation.

Also, pressing F1 from the Climate Assessment Tool will open the BASINS documentation to the page



about CAT.

Another type of keyboard shortcut using F1 is tooltips. By pressing F1 from the Save As dialog box,
tooltips appear describing the text boxes (depending on where the cursor is): Legend and Preview Map

Preview Map

The Preview Map may be updated at any time by choosing the View menu option on the main BASINS
screen, then Preview Map.
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When the user updates the map, the image in the locator window will be built using the layers and
symbology currently displayed in the main map. Be sure to turn off any layers which are extremely
detailed, leaving only those layers important for orienting the user. There are three options:

e Update Using Full Extents: Updates or refreshes the Preview Map panel, showing the current map in
a red box within the full extent of all the selected layers.



Preview Map

e Update Using Current View: Updates or refreshes the Preview Map panel, showing the current map
in a red box with only its immediate surroundings.

=

e (Clear: Clears the Preview Map Pane



Within the Preview Map frame, the user can drag the map to adjust the current view.
Legend

The legend is a graphical representation of all the map layers in the current project. The position of the
legend is the left hand side of the screen. The legend offers layer manipulation functionality including
but not limited to changing a layer’s symbology or the order of display for the layers.
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Legend Information:

e Visibility Checkbox: This indicates whether a layer is always visible (checked), always hidden (blank).

e Text: This is the name of the layer.

e Each line represents a layer of data that’s in the main view. The image to the right of the legend is
an indicator to help identify the data layer. If, for example, the user had a polygon Shapefile that
was filled, the color in this image would be the same as the fill color. For a line Shapefile, the color
here will match the color the line is drawn with. Some layers have a plus or minus next to them. This
indicates that they are collapsible or expandable. For example, a grid may have a coloring scheme
indicating terrain height which may be displayed by expanding the layer, and hidden by collapsing it.

Changing the name of a layer does not affect the underlying data. The layer name is project dependent
and will not modify any information stored against the map source.

For more information about changing layer names and symbolization, see Legend Editor.
Docking
Window docking is a new and useful way to customize the user’s information windows in MapWindow.

Docking is available for the Legend and the Preview Map, both originally located on the far left of the
BASINS screen.
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Docking and tabbing windows in MapWindow is easy to do by clicking and pulling on the top of the
window. Hold down the left mouse key and drag the window to desired location.
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In the event the windows are undocked in a bad location, you may use the view menu to check or
uncheck the Show legend and Show preview map options to turn them on or off.
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When dragging either the Legend or Preview Map, there are several possible locations to “snap” to a
set position. These are represented by 5 floating windows with arrows that appear as either the Legend

or Preview Map is dragged.

(L
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Although the frames can be docked anywhere on the screen, the locations where they “snap” into
position include: vertical left, horizontal left, top, bottom, and stacked tabs. To enter one of these
formats, while dragging the frame, place the cursor over one of the floating windows with arrows.

To separate the Preview Map and Legend from the tabbed view, hold down ALT while dragging one of
them.

Toolbars

Toolbars in BASINS provide a shortcut to commonly used controls or functions. The benefit of the
toolbar button is that it requires only a single click to perform a function, rather than selecting several
menu options. Each toolbar item has a graphical image suggestive of its function to guide the user.

In BASINS, toolbar buttons also contain tooltips, which are accessible when the cursor is held over the
button briefly. A text description of the button’s function will appear, as shown in the picture below.
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Dialogs Many interactions within BASINS involve dialog windows. The consistent interfaces on these
forms are used for many common tasks including opening a file, saving a file, and printing.

File Dialog

Throughout BASINS, the user will frequently desire to open or save an existing data file, which utilizes a
file dialog window. The typical file dialog box consists of a dropdown list at the top which displays the
directory path. The middle box displays all files of the type specified within the current directory. To
change the file specification type, use the dropdown labeled ‘Files of type’ at the bottom of the window.
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Print Dialog
The print dialog in BASINS is a specialized form written for MapWindow. From the main BASINS 4
menu, selecting File:Print opens a print layout window. This gives the user the opportunity to select

which aspects of the MapWindow document to print.
Within the File menu of the Print Layout window are found typical printing functions such as options to

set the printer specifications, page setup, and Print.
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Project Creation and Management

Once the BASINS program is instantiated, the user has two options for accessing a BASINS project:

e Build a new BASINS project

e Open an existing BASINS 4 project

If the BASINS plug-in is active, then the Welcome to BASINS 4.5 Window avails these options when
BASINS is opened. Otherwise, the user can always create a new project or open an existing project

through the File:New menu item (or button) and File:Open menu item (or | button),
respectively, on the main BASINS form.

The File:Recent Projects menu item displays for selection a submenu of the most recent projects that
have been opened since the last BASINS 4 installation.
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The File:Open BASINS Project menu item displays for selection a submenu of the subdirectories under
the ‘/BASINS/Data/’ directory. If selected, the program will search that subdirectory for a BASINS
project file (extension .MWPRJ).
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The File:Settings menu item opens a pop-up window with various fields that control aspects of
MapWindow. Visit the MapWindow web site for complete documentation on that program.

For further instructions and videos about using MapWindow, consult MapWindow Tutorials (Note: .pdf
documents must be opened in a separate window).

Once a project is open, the user should add the desired GIS and time-series data. Welcome to
BASINS 4.5 Window

The opening window offers options for getting a BASINS project up and running (Build or Open). It also
provides a link to this BASINS 4.5 User Manual that can help to get the user started.
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To re-open the Welcome to BASINS 4.5 window, go to Help: Welcome Screen on the main BASINS
menu.
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Build BASINS Project The Build BASINS Project option allows the user to extract environmental data for
a specific geographic area from archive files stored on the BASINS web site. This tool is also used to
define the desired map projections for the geographic data, as well as to build the initial BASINS project.

BASINS projects can also be built from existing MapWindow projects, or as subsets of existing BASINS
projects. See the following sections for details on those features:

e Building a BASINS Project from an Existing MapWindow Project

e Building a BASINS Project as a Subset of an Existing BASINS Project

BASINS data on the Internet are already processed by specific geographic areas (e.g., cataloging units)
and compressed into self-extracting zip files (archive files). The Build BASINS Project tool is used select
the geographic areas of interest, download the core BASINS data for that area, decompress the data,
and project the geographic data into the user-specified map projection. This process places the retrieved
data into the BASINS data directory on the user hard drive.



Using this tool a user selects one or more states, counties, or HUC-8 hydrologic cataloging units

= .
anywhere in the United States. Standard GIS controls can be used to zoom @ p L inon

and pan ‘*’ to the subject area of interest from the initial MapWindow display of the United States.
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The following window pops up upon selecting the Build BASINS Project option, and the user should

click the Build button AFTER the area of interest has been selected .b and highlighted yellow. In this

case one Cataloging Unit has been selected. Had a county or state been selected, the data for all
Cataloging Units in that county or state would be downloaded and extracted. Data can be extracted for

more than one Cataloging Unit, county, or state.



The user will then be prompted to select a directory name and location to house the BASINS project.
The default name for the directory is the HUC-8 code, and the default location is in ‘\BASINS\data\'.
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Once the directory is selected, the user is prompted to select the desired projection for the GIS files
with the following window. Generally, the user will simply select the desired Category and the
appropriate Name for that category based on the location of the selected HUC-8. However, a custom

projection can be defined by the user if the required input data is known. The selected directory will
then automatically be populated with the appropriate GIS files.
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Note: The Map Units property for all GIS layers automatically defaults to meters.

The project is now established and can be further developed with utilities available through the main
menu of the interface.

For further information about building a BASINS project, see the Build a BASINS Project Tutorial.

Note: If the user knows the name of the area of interest but not the specific location on the map, the
MapWindow Table Editor can be useful. The Table Editor allows the user to view all of the attributes of
the current map layer. From the attributes the user can select the name of the area of interest and view
its location on the map. Building a BASINS Project from an Existing MapWindow Project

With the BASINS plug-in active, the user can build a BASINS project from any existing MapWindow
project. This feature allows a MapWindow user to transform a MapWindow project into a BASINS
project, setting up the project as necessary to enable BASINS features such as the automatic download
and projection of new map layers.

From an existing MapWindow project, choose the File:New menu item on the main BASINS form. The
following dialog will appear:
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Do yoll want to create a BASING project based on this MapyWindow project?
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Click No to build an entirely new BASINS project, as documented in the section Build BASINS Project.
Click Yes to convert the existing MapWindow Project into a new BASINS project.

If the user clicks Yes, the procedure is very similar to the one outlined in the Build BASINS Project
section, with a few exceptions. The national project will be opened with the State, County, and
Cataloging Unit Boundaries, plus the dotted outline of the project area from the existing MapWindow
project. This dotted outline gives a reference that the user may find useful for identifying which
Cataloging Units to include in the new BASINS project.

The user must choose one or more State, County, or Cataloging Units, and then click Build. The user
will be required to specify a project folder and project name. If the map projection can be determined
from the existing MapWindow project, that projection will be used for the new BASINS project,
otherwise the user will be prompted to specify the projection.

When the new BASINS project has been built, it will load in MapWindow with the standard BASINS map
layers plus those layers contained in the original MapWindow project. Building a BASINS Project
as a Subset of an Existing BASINS Project

With the BASINS plug-in active, the user can build a BASINS project as a subset of any existing BASINS
project. This feature allows a BASINS user to narrow the geographic scope of a BASINS project, as might
be desired when the user is setting up a model for only a portion of a Cataloging Unit.

From an existing BASINS project, select the feature(s) from an active shapefile layer to be used as the
extents of the new BASINS project. Then choose the File:New menu item on the main BASINS form.
The following dialog will appear:



Create BASINS Project From Selected Features? x|
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Click No to build an entirely new BASINS project, as documented in the section Build BASINS Project.
Click Yes to build a project containing a subset of the current BASINS project.

If the user clicks Yes, the user will be required to specify a project folder and project name. Once those
are specified, BASINS will build a new project containing the same layers as the original project, but the
extent of the map layers will be reduced. Any shapefile feature that is contained (wholly or partially)
within the specified extents will be retained, and any grid will be reduced to the specified extents.
Layers that do not overlap the specified extents will be retained in the project in their entirety.

Once the new BASINS project has been built, it will be opened in MapWindow as the current active
BASINS project. Open Existing BASINS Project This utility opens an existing BASINS project.
Underneath the Open Existing BASINS Project entry is a list of previously opened projects available for
immediate selection (no projects will be listed when BASINS is first instantiated). Otherwise, the user is
prompted to browse for an existing BASINS project.
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GIS and Time-Series Data When a BASINS project is created, a large cache of GIS layers is



downloaded and stored in the project directory. These layers are immediately made available on the
left section of the main BASINS form. Click on the associated checkbox to have a layer appear on the
MapWindow interface.
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The user may download an additional wide range of data via the File:Download Data menu item. The



available data can be divided into two general categories, GIS layers and time series.

GIS
e Digital Elevation Model (DEM) Shapefile
e DEM Grid (DEMG) (100m resolution)
e Geographic Information Retrieval and Analysis System (GIRAS) Landuse Shapefile
e National Elevation Dataset (NED) Grid (30m resolution)
e National Hydrography Dataset (NHD) PolyLine layer
e Census Shapefiles
e Meteorologic Data Locations
e NHDPIus (including grids and shapefiles, v1.0 and v2.0)
e USGS Station Locations from the National Water Information System (NWIS)
e North American Land Data Assimilation System (NLDAS) Grid
e National Land Cover Database (NLCD) (1992)
e National Land Cover Database (NLCD) (2001, 2006, 2011)
e EPA STORET Water Quality Stations
Notes: The Map Units property for all GIS layers automatically defaults to meters. When

choosing whether to use the 30m resolution NED grid or the 100m resolution DEMG grid
as the basis for delineating and physically characterizing subbasins within the subject
watershed, it is important to consider the scale of the watershed area. If an entire HUC-
8 is being modeled, the DEMG is probably a better choice due to performance
considerations, while the NED would provide enhanced detail for significantly smaller
watersheds. The same consideration should be given to stream layers when burning
them in. The NLCD GIS layers are in Albers Equal-Area Conic projection, with Spheroid
GRS 80 and Reference Latitude 23.0.




Time Series
e Meteorological Datasets in WDM format
e USGS (NWIS) Daily Streamflow
e USGS (NWIS) Water Quality
e  USGS (NWIS) Streamflow Measurements
e USGS (NWIS) Instantaneous Data Archive (IDA) Discharge

e NLDAS Hourly Meteorological Data

Note: The BASINS system can read time-series data stored in a variety of file formats,
which are detailed in the Time-Series Types section of this documentation. All
time-series data must be converted into one of these formats before it can be
brought into a BASINS project.

Once downloaded, data may be managed using an array of GIS Utilities and Time-Series Management
Utilities. Download Data

The user may download a wide range of GIS and time-series data in several easy steps via the
File:Download Data menu item.

Key Procedures

Select File:Download Data from the main menu, and the Download Data form appears.
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Choose the Region to Download. Region options include the project’s Hydrologic Units, the View

Rectangle, and the Extent of the Selected Layer.

Select the checkboxes of the data types you wish to download, then click the Download button.




There will be a pause while the requested data files are downloaded from the internet and
projected, merged, and clipped as needed. When the process is complete, the Download Data form
will disappear and user control will return to the main BASINS GIS interface.

Once GIS data has been downloaded, it becomes available in the table of contents on the left side of
the main BASINS form. Time-series data becomes available for use via the Time-Series Management
Utilities. A log file containing details of the download and processing is written to the BASINS cache
log folder.

Note: The Merge and Clip to Region check boxes, rather than specifying data types, specify
particular options for how downloaded data is added into the project. Merge can be useful for GIS
data types that are available for download as individual regions. Selecting Merge will create one GIS
layer from individually downloaded regions. Thus if a BASINS project includes multiple HUCs, using
this option when the data is downloaded it will be merged into a single data layer. Merge is
currently implemented only for NHD Plus data.

The ‘Clip to Region’ option can be useful for download types where a larger area than is selected
must be retrieved. If Clip is not selected, the layer will be added to the project as it was downloaded.
Selecting Clip will remove parts of the downloaded layer outside the region of interest before adding
the layer to the project. Clip implemented for NHD Plus and BASINS data types. Other data types are
downloaded by rectangle and are not affected by Clip and Merge.

Data types are grouped within a series of frames on this Download Data form:
BASINS

The types within the BASINS group include datasets that have been pre-processed for BASINS and
are stored on an EPA server for download. See BASINS Data Types for more details on the data
types available through the BASINS group.

NHD Plus

Within the National Hydrography Dataset (NHD) Plus group are options to download the elevation
grid, catchments shapefiles, hydrography shapefiles, plus an option to download all NHDPlus layers
(NHDPIlus v1.0 and v2.1). The grids are large files and take some time to reproject. Value Added
Attributes (VAAs) are added to the shapefile attribute tables. Once downloaded, these data will be
projected and made available in the BASINS GIS interface.

USGS Stations from NWIS

The ‘Station Locations from US Geological Survey National Water Information System’ options
download station locations for the selected station types. Station locations are available for ‘Daily
Discharge’, ‘Water Quality’, ‘Measurements’ and ‘Ground Water’. The downloaded station locations
are made available on the BASINS map as shapefiles by data type.



USGS Data from NWIS

The ‘Data Values from US Geological Survey National Water Information System’ options download
data values collected at the selected USGS station locations. Station locations to retrieve data from
must first be downloaded and then individual stations must be selected on the map before
downloading data values. Choose the station location type where the data of interest is collected

Click Download to get the station layer
Select the station layer in the legend

Use the Select Tool from the toolbar (looks like a small arrow and a dashed box) to select which
stations to get data from

Open the Download Data form again. The type of data will be automatically selected based on the
stations that are selected on the map.

Click Download again to get the data.

After downloading, data values are stored in the NWIS folder within the BASINS project. These
timeseries become part of the BASINS project.

National Land Cover Data (NLCD)

The ‘National Land Cover Data’ group is used to download GIS layers from the NLCD dataset. Layers
from the 2001, 2006 and 2011 dataset available for download include the land cover, impervious,
and canopy grids. The 1992 Land Cover grid from NLCD is also available for download. Once
downloaded, the grids will be projected and loaded onto the BASINS map.

North American Land Data Assimilation System

Hourly Meteorological Data from NLDAS (North American Land Data Assimilation System) Phase 2
can be added to the BASINS project using these options. The ‘Grid’ option should be used first to
download and display the NLDAS station locations. When this option is used, 2 shapefiles will be
added to the map in the Observed Data Stations group: “NLDAS Grid Center” is a layer of points at
the center of each grid cell, and “NLDAS Grid” is a layer of outlines of each grid cell.

The ‘Hourly Data’ option is available after one or more NLDAS grid locations are selected on the
map. When either NLDAS Grid layer is selected in the legend, and one or more grid cells are
selected using the Select tool, the ‘Hourly Data’ option downloads the NLDAS time series and either
reads the data in the downloaded format or imports it into a WDM file. To use the data in HSPF,
adding to a WDM file is needed. On this screen, the user has the option to change the time zone
from UTC to a project specific time zone.

BASINS Data Types DEM Shape provides a shapefile layer of elevations useful for performing
watershed delineation. Once downloaded, the data will be projected and automatically added to the



BASINS project. It will then be available as a map layer to display in the BASINS GIS interface.

DEM Grid (DEMG) and National Elevation Dataset (NED) provide grid data that can be used for
various BASINS functions including automatic watershed delineation.

GIRAS Landuse data provide land use tiles from the USGS GIRAS Landuse database covering the
selected HUC. Once downloaded, these data will be projected and made available to add to the
BASINS View in the BASINS GIS interface.

National Hydrography Dataset (NHD) provides a shapefile layer of stream channel data. This
BASINS shapefile is a combination of the route feature class and flow relationships table from the
NHDiInARC version of the NHD. Once downloaded, the layer will be projected and made available
within the BASINS GIS interface.

Census provides boundary layers and associated tabular data from the 1990 and 2000 Census of
Population, as well as the TIGER line files showing roads, railroads, and other linear features. Once
downloaded, these data will be projected and made available in the BASINS GIS interface.

Meteorologic downloads BASINS Meteorological data from the updated BASINS Meteorological
database (Version 2009) and creates a shapefile of the locations of that data. The updated database
contains data at over 16,000 stations, though not all stations are still active and most of them
contain only a subset of all the meteorological constituents used in BASINS. For those stations that
are current, data have been updated through the year 2009.

After downloading is complete, a new GIS layer (€Weather Station Sites 2009€p) is added showing
the location of the stations. This layer is stored as a shape file (met.shp) in the BASINS project
directory. All stations within the current view are downloaded and merged into a single project
WDM file. The resulting WDM file is by default stored in the BASINS project directory (e.g.
\BASINS\Data\Project Name\met\met.wdm). This default location can be changed using the folder
button next to the Meteorologic checkbox in the Download Data form. The new WDM file is
automatically added to the current project.

The BASINS GIS interface has been updated to display a suite of distinct icons to graphically
represent which constituents are available at each meteorological station.

With each station marked by the letter M, the seven available constituents are represented at the
following positions in relation to the station center:



e Precipitation (PREC) - due South

e Wind speed (WIND) - due West

e Cloud Cover (CLOU) - North West

e Potential Evapotranspiration (PEVT) - due North
e Solar Radiation (SOLR) - North East

e Air Temperature (ATEM) - due East

e Dewpoint Temperature (DEWP) - South East

An enhancement for BASINS 4.5 allows direct download and/or calculation of this full suite from the
North American Land Data Assimilation System (NLDAS) gridded data set. Published by NASA, NLDAS
runs in near real-time on a 1/8th-degree grid over central North America, with retrospective NLDAS
datasets extending back to January 1979. This enhancement not only allows direct download of this
data for a specified region but also facilitate creation of HSPF models driven by this gridded data.

GIS Utilities The main BASINS form contains a MapWindow toolbar that allows the user to manage GIS
layers. The standard toolbar consists of icons that allow the user to: open, save, or start a new project;
print the current map display; add or remove layers; and pan, zoom, select, and measure distance on
the map display. The standard toolbar appears as follows.

- as o il D & 0 L= i O >

Mew Open Save Print Settings : Add Remove Clear | Symbology Categories Query Properties Table @ Select Deselect Messure Identify Label Mover

o Legend Editor allows the user to change the appearance of individual map layers, such as which
layers will be labeled on the MapWindow display, which attribute will be assigned as the label, as
well as font settings and extent relative to the display. The Legend Editor is accessible by
highlighting the name of a layer on the main BASINS screen to make it active, right-clicking on the
layer, and selecting Properties.



Déaées

: New Open Save Print

@ [z l@ o

Settings ! Add Remove Clear

Tiles: aWatersHedDeheation al"k)dds aCorrwte aLaunch aanalys's Layer View Bookmarks Plugdns  Converters  Shapefile Editor  Help

LI -

Symbology Categories Query Properties Table lE Select Desslect Measure

B 0

Identify Label Mover |

iy

JERIRTES)

g ] ¥ s =TET +* + - - e (e ) +
ki L L : 3

el P o LR Eamsw O 0@ @ eSS 0
i|Pan | In Out Extent Selected Previous MNext Layer ! Mew Insert Add Remove Copy Paste Merge Erase Erasebeneath Move Rotate Resize Move vertex Add vertex
Legend 1 x

Layers ITonbm(I
B[ [ Hydrology

E[ waterways & =
B = Political

E[] Counties
EIM [ Reference|

[ Major Roa

Cataloging|

]

States =

N

Add Group
Add L

ayer by
Remove Layer A

Clear Layers

Zoom to Layer

Label Setup

Charts

View Metadata
Shapefile categories
Attribute Table Editor

bology manager

Expand Groups

TR
STPESELIN
Vit

PN /g I

VOARS

R
N

@iy & FFe&F 0 Danddl

N
— D A
o / w Ny
= l *\\ /

[ unnamed ~ | X: -8,193,200.586 Y: 5,046, 126.033 Meters | Lat: 41.229 Long: -82.584

From the Legend Editor, the user can alter Layer Properties, Legend Properties, and Symbology.



Layer properties: State Boundaries

General | Mode I ﬂppearanc:&l Categuri&al Labelsl Ehartsl "uﬁsibil'rl‘yl

MName
|5tate Boundaries

— Source
Type: polygon shapefile =]
Mumber of shapes: 1

Selected: 0

Source: d:\dev BASINS40hdata" 02060006"st shp

Bounds X: 105205.28 to 4956096.55 m

Bounds Y 4155885 200 4406593575 m

Projd: +proj=ttm +zone=18 +ellps=GR530 #owgsd4=
0,0,0,0,0,0.0 +units=m +no_defs ;I

Projection

— Description

[

v Layer visible

V' Show preview

Apphy Ok Cancel

o Identifier uses the 0 icon on the main form. Highlight the layer of interest (click on the layer

name to make it active). Then, when the icon is clicked and an area of the active layer selected, the
Feature Identifier window will pop up displaying a list of attributes for that area.

i Feature Identifier - Watershed's

=10 x|

IShape [rdex j j
Field Mame | Field Value
PaolygonlD 13
AweSlope 323338341
Streambink, 7
Streamlen 3211
D5WwWSsID 12
51510 14
52510 17
1] | +]

Cloze




e Table Editor usesthe ~  icon on the main form. When clicked, the DBF table associated with the

active layer is displayed on the Attribute Table Editor form where attribute values can be modified.

o
Edit View Selection Toaols
SHAPE_ ID | RCH_ | RCH_ID |CCIM_ID | RCH_CODE | RCH_DATE | LEVEL | METERS |GNIS_ID ﬂ
> |0 1 2 281693113 02060006002 | 20030417 -9998 270
n 2 3 281693115 02060006002 | 20030417 -9998 566
2 3 4 81693215 02060006002 | 20030417 3 416
I 4 5 8169317 02060006002 | 20030417 3 226
|4 5 & 81693219 02060006002 | 20030417 -59998 456
L5 & 7 81653321 02060006002 | 20030417 2 629
L5 7 g8 81693323 02060006002 | 20030417 2 801
e 8 9 81693325 02060006002 | 20030417 3 472
L s 9 10 281693327 02060006002 | 20030417 3 549
L9 10 11 21693329 02060006002 | 20030417 3 234
L 11 12 21653331 02060006002 | 20030417 3 357
L m 12 13 81693333 02060006002 | 20030417 3 400
L2 13 14 21693335 02060006002 | 20030417 4 594
L3 14 15 81693337 02060006002 | 20030417 4 635
L 4 15 16 21693335 02060006002 | 20030417 4 528
15 16 17 21653341 02060006002 | 20030417 2 232 =
N 16 17 12 21607242 MAENNNENT? [ Fnnand17 1 | E0A LI_I
Ql & | \rl"é’al %lnul Apply | Close |
0 of 2563 Selected

An array of additional GIS utilities is available via the Plug-in menu.

The following table details all of the MapWindow tool bar items that are available in the BASINS
Customized MapWindow Interface.

| Open New Project a Open Existing Project h Save Current Project

Print Map Display Add Layer Remove Layer
= L =

Lm Remove All Layers 4. Pan :'".:E Select




EI, Measure Distance or Y Zoom In

" Area -
£ Zoom Out K- Zoom to Extent 0 Feature Identifier
r— ]
"I" Move Vertex 3., Table Editor shp Add New Shape to
= Current Shapefile
shp Remove Shape from A Create New Shapefile . Add Vertex to

Current Shapefile

Existing Shapefile

= Remove Vertex from

Existing Shapefile

Visit the MapWindow web site for complete documentation on that program.

For further instructions and videos about using MapWindow, consult MapWindow Tutorials (Note: .pdf
documents must be opened in a separate window). Time-Series Management Data files and
their time series can be managed via the File menu on the main form. There are five items on that
menu that execute various data management utilities. Simply make the desired selection(s) from the
pop-up form associated with each menu item.

Menu Item Utility

New Data Creates a new WDM file for data storage. Time series can later be saved
to this file with the Save Data In menu item.

Open Data Opens a data file for inclusion in the current BASINS project. The data

Download Data

Save Data In

Manage Data

file type can be one of the available depending upon the plug-ins
loaded. See Time-Series Types for more details.

Download additional GIS or timeseries data from the internet.

Browse for time series in the current BASINS project and save that data
to a selected WDM file.

Open or close any of the available data file types to include/exclude that
data file in/from the current BASINS project. See below for more
details.

The Manage Data menu item produces the ‘Data Sources’ form for managing the time series data



sources available in the project. The top pane of the ‘Data Sources’ form shows each time-series data
source in the project. Clicking on one of the file names produces a summary of the timeseries in that file
in the bottom pane.

_ioix
File  Analysis Help
E-WDM
-\ B AS| N Sidatah 02060006\ metimet wdm (55)

Timeseries: VWDM
D:ABASINS data 02060006 \met 'met wdm
55 Timeseries

25,600,000 bytes

Modified 7/26/2012 2:52:06 PM

From the File menu, additional data sources may be opened, and data sources that are currently
opened may be closed.

The Analysis menu provides access to the BASINS Analysis tools. Choosing a menu item in the Analysis
menu will perform that analysis on all timeseries in the selected data source. Map Projections A
map projection is a mathematical expression used to transform the earth’s curved terrain to a flat
surface. When a user creates a GIS project, the projection must be specified so that the software knows
how to represent the three-dimensional surface of the earth on a flat, two-dimensional map. Any map
projection causes some degree of distortion to one or more map properties, such as area, distance,
scale, or shape. Within MapWindow GIS and BASINS, hundreds of map projections are available. Itis up
to the user to choose one of these projections for the BASINS project.

Within BASINS the user is asked to choose a projection during the Build BASINS Project process. This
projection will be used throughout the BASINS project. When data is added to the project through the
BASINS Data Download tool, BASINS will automatically re-project the data into the specified projection.

MapWindow also has projection capabilities. The following section describes MapWindow’s capabilities
with regard to map projections.

The first layer that the user adds to a new MapWindow project will be checked for projection data (an
ESRI-style “.prj” file containing Well-Known Text (WKT) projection information). If a .prj file is found, the



MapWindow project will adopt that projection. This information can be viewed under the file/settings
menu.

.“ Settings - 0] x|

Project Settings | Application Settings |

3= 4l | S

E Coordinate Display
Map Data Units Meters
Show Additional Unit Lat/Long
Show Map Data Units True

Status Bar Comma Separators (Additio True
Status Bar Comma Separators (Stand: True

Status Bar Decimals (Additional) 3
Status Bar Decimals (Standard) 3

E Display Options
Use default background color? True

Project Map Background Color [ ] 255, 255, 255
= Project Behavior

MapWindow Configuration File CAUsers\Lucy Bricker*App Data*Roaming*B
E Project Projection

ProjectionAbsence Behavior AszignFromProject

Projection MismatchBehavior Reproject

Project Projection UTM Zone 18, Northem Hemisphe: ;I

Show Mismatch YWamings? True

ShowlLoading Report False
Project Projection

Projection Mismatch

When additional layers are added, if they are in the same projection, they simply load.



If they are in a different projection, then the user is asked how they would like to handle the situation.

The default is to reproject the new layer to the projection of the originally added layer (the “project
projection”).

The user can also set up BASINS to automatically reproject into project projection for the rest of the
session.

\warning: The projection specified in the project settings differs
from the projection of the layer you're adding.

Project Projection: LS4 Contiguous Albers Equal Area Conic
USGS

Mew Layer: NAD 1583 UTM Zone 15N
File Name: pcsd.shp

How would you like to proceed?
[~ Use this answer for the duration of this session
o Reproject the layer you're adding to match the
projection of the project

" Overwrite existing file(s) with reprojected data

o~ Create new file with reprojected data (i.e.
origname_reprojected shp), add this instead

" Do Nothing (Data may not appear as expected)

Mewver Show This Again -
I (Always "Do Nothing” Cancel Adding oK

Note: MapWindow does not support on-the-fly projection because it gives the user a false sense of the
data being in a projection which it is not in. This is a situation that is suitable for viewing, but
problematic for modeling. Instead, MapWindow provides a facility to warn the user when data with
mismatched projections are added to the same project. The user is then prompted to optionally

reproject the data such that all data is in the same projection, or proceed with the disclaimer that data
may not appear as expected.

Assigning Projections

In the main BASINS window, in the Legend pane, click on the ‘Toolbox’ tab.

e Select Assign Projection to Shapefile.



[El- Projections =
Assign Projection to Shapefile

----- # " Identify Projection

----- # " Projection Viewer

- # " Reproject Shapefile

Fl-{F Vector Operations

|_:_|1_“,.- Standard
----- & 3D vectorto 2D vector

..... F Aggregate shapes

----- # Buffer Shapes

----- 4" Calculate Polygon Areas

----- # " Create Centroids

----- # " Dissolve by Attribute

----- # Bxplode Shapes

----- # " Bxport Selection

..... 4" Foxup Shapefile

..... + Merge Shapefiles

..... 4 Simplify Lines ~

Assign Projection to Shapefile

Assigns cooordinate system and projection to shapefile
or group of shapefiles for which the coordinate system
iznt defined. The operation doesnt change coordinates

e Adialog will open where the user can specify the desired projection and the layer(s) to which to
assign the projection. Click Assign when ready.



ﬂ Assign Projection

=10l %]

-] Great Lakes
UTM

=

I
- 50 NADE3 S UTM zone 1N

MADE3 / UTM zone 59N
MADE3 / UTM zone 60N

450 MADE3 S UTM zone 2N
ol NADS3 7 UTM zone 3N
1 MADE3 7 UTM zone 4M
1| MADE3 S UTM zone 5M
| MADE3 S UTM zone 6M
1| NADE3 S UTM zone 7N
1| NADE3 £ UTM zone 8N
50| NADE3 S UTM zone 9N
o| MADE3 S UTM zone 10M
o| MADE3 S UTM zone 11N
| MADE3 / UTM zone 12M
| MADE3 / UTM zone 13M
|| MADE3 / UTM zone 14M
|| MADE3 / UTM zone 15M
| MADE3 / UTM zone 16M
Ol NADS3 S UTM zone 17N
Ol NADS3 S UTM zone 18N

.| NADE3 / UTM zone 13N
2 WARNRY /T zane 200

s

MName

Projection

v

W _branch shp

MAD_1583_UTM_Zone_18N

Projection: NADE3 7 UTM zone 19N

Assign

Test

Close L
e

Click Ok on the following screen:

BASINS 4.5

Reprojections




MapWindow allows the user to reproject files, or place them in a new spatial reference system
from the currently used reference system, for modeling and mapping. All data for modeling is
typically kept in the same projection.

To reproject a shapefile:

In the main BASINS window, in the Legend pane, click on the ‘Toolbox’ tab.

Select Reproject Shapefile.

Legend o =
' Layers Toolbox |
E-iSr Projections -

----- # Assign Projection to Shapefile
g Identify Projection

----- & 3D vectorto 2D vector
----- # " Agagregate shapes

----- & Buffer Shapes

----- # Calculate Polygon Areas
----- # " Create Centroids

----- # " Dissolve by Aftribute

----- # BExplode Shapes

----- # " BExport Selection

..... 4" Focup Shapefile

----- # Merge Shapefiles

..... 4 Simplify Lines ~

Reproject Shapefile

Changes projection or (and) coordinate system of
shapefile. The shapefile must have assigned coordinate
gystem to perfrom this operation. This tool changes the




A dialog will open where the user can specify the desired projection and the layer(s) to reproject.

Click Reproject when ready.

Reproject layers

=lol x|

--[j lowa

a

-3 Delaware
-3 Florida
--[j Georgia
&3 Hawai

&3 Idaho

&-£3 Minois

--[j Indiana
-3 Kansas
&3 Kentucky
&3 Louisiana
-1 Massachusetts
=-{£5 Manyland

- L[5 NADE3 / Maryiand fU.
L0 NADE3 / Maryland
&£ Maine
--[j Michigan
&£ Minnesota
--[j Missouri
--[j Migsissippi
--[j Maontana

= MName

Projection

v 02060006 _co%0.shp

UTM Zone 18,

Marthem Hemispher

6]

Projection: NADS3 / Maryland

Projection Name Correction

In order to change the name of the projection, go to File:Settings on the main BASINS window.




.“ Settings - 0] x|

Project Settings | Application Settings |

2= 4l | S

E Coordinate Display
Map Data Units Meters
Show Additional Unit Lat/Long
Show Map Data Units True

Status Bar Comma Separators (Additio True
Status Bar Comma Separators (Stand: True

Status Bar Decimals (Additional) 3
Status Bar Decimals (Standard) 3

E Display Options
Use default background color? True

Project Map Background Color [ ] 255, 255, 255
E Project Behavior

MapWindow Configuration File C:MUsersh Lucy Bricker'\App Data*Roaming*E
E Project Projection

ProjectionAbsence Behavior AszignFromProject

Projection MismatchBehavior Reproject

Project Projection UTM Zone 18, Northem Hemisphes _|

Show Mismatch YWamings? True

ShowlLoading Report False
Project Projection

The name of the current project projection can be adjusted by clicking on the “...” button and then
specifying the desired projection on the form that follows.



i x|

Choose coordinate system and projection for the project:

=-{& WORLD

E-C3 AFRICA
-3 AMERICA
E-E3 ASIA
#-C1 EUROPE
-3 OCEANIA
...4g) NSWC 5Z-2

#-ig WG5S 72BE
H-ig) WGS 84
=l-{ Favorte

El{j-' Geographical

Ok Cancel

b

(For more information about the Projection Parameters utility, see Projection Parameters)

Hard Copy and Exporting Hard Copy In order to print the current map view, select File:Print from
the main BASINS toolbar. The MapWindow Print Layout form will pop up, which allows the user to
select what map elements to display, create the layout of those elements, and then send that image

to a printer.




=, MapWindow Print Layout o ] 4 |

File  Select View  Atlas Gemerator  About

DsHRG EH4=aO¢ BEEBEABA ¢

g

Catalonina Link Eoundares
=
Stals Bousdsnas E Layout
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Map Map 1
NumColumr 1
TextHint  AntiAliasGridFit
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Exporting The user may export a map image as a bitmap (.BMP) or graphic interchange file (.GIF),
for instance to include within a word processing document. Select View:Copy from the main BASINS

menu.
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The user will then be presented with a dialog asking where to save the file. The user may export a



scale bar by selecting the View menu, then Copy, then Scale Bar. This will prompt the user for a
location to save the resulting image file. This file could then be used in word processing or
publishing software. Lastly, the user may export a north arrow by choosing the View menu, then
Copy, then North Arrow. This also will prompt the user for a location to save the image.



Plug-ins

Plug-ins are modular and extensible software programs that interact with the host program to provide
additional functions via the host program’s user interface. The functionality of plug-ins is as varied as

the software programs which they support. There are hosts of plug-ins available for BASINS, and they
can be accessed via the Plug-ins item on the main menu.
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To edit the selection of plug-ins currently available, select the Edit Plug-ins option on the Plug-ins



menu. This sets the default of which plug-ins are activated.

“ _Edit Plug-ins x|

— Loaded Plugins
I Archive Project Tool o~
—

v

Iyl CSVto Shapefie Converer

Il D4EM Data Download::BASINS _l

vl D4EM Data Download::Main

vl D4EM Data Download::NHDPlus
vl D4EM Data Download::NLCD2001
vl D4EM Data Download::NLDAS

il D4EM Data Download::NWIS

v D4EM Data Download::STORET
¥l EPA SWMM 5.0 Setup

vl EPA WASP Model Builder

. GWLF-E Deta Processor hd|
Tum All On | Refresh List | Tum All OF |

Plugin Detais:

Name: BASINS 4.1

Version: 31.1.0

Build Date: 10/16/2012 3:55:52 PM
Author: AQUA TERRA Consultants
Description: BASINS 4.1 extension

0K Cancel foply |

The BASINS plug-in provides essential and additional functionality for BASINS 4.5. The D4EM Data
Download plug-ins provide the functionality for downloading spatial and timeseries data (See Download
Data for more details). The other plug-ins provide additional GIS, time series, model setup, and analysis,
and computation utilities.

Type Name

GIS GIS Utilities GIS-Related Plug-ins Identifier Legend Editor Shapefile
Editor Table Editor Watershed Delineation Plug-ins

Time Series Time Series Types Time Series Operations




Model Plug-ins HSPFSWATWASPSWMMAQUATOXPLOAD GWLF-E (Plug-ins are
separately for installation)

Analysis Plug-ins Cligen Climate Assessment Tool (installed with HSPF plug-in) Data Tree
DFLOW Graph List Lookup Tables Reclassify Land Use Seasonal
Attributes Synoptic USGS Surface Water Statistics Watershed
Characterization Reports Watershed Characterization System

Compute Plug-ins Statistics Generate Timeseries Seasons Meteorologic Generation Events

Other Archive Project

Note: Data for Environmental Modeling, or D4EM, is a comprehensive set of tools that obtains and
processes data to be used in computational environmental models. The software enables users to
download data from various websites, and then processes the data to create model inputs.

BASINS Main Plug-in

The BASINS plug-in adds two items: b> Analysis and Compute, to the main menu on the interface. These
utilities provide additional time series management and model setup capabilities, links to external web
sites that serve as information resources, and links to external software packages that manage GIS and
time-series data. It also invokes the Welcome to BASINS 4.5 window upon instantiation of the program,
which expedites setting up or opening a project.

Scripts

A script consists of programming code stored in an ASCII file that is compiled at runtime, allowing the
user an easy, dynamic method to assemble customized utilities. The user has a choice of writing code in
one of two languages, VB.Net or C#. It follows that a user must have basic programming skills in the
selected language if they are to assemble a successful script. The product of the scripting operation can
be either a script, which can be loaded and run at a later time, or a plug-in, which will be compiled and
added to the Plug-ins menu. Complete documentation about MapWindow scripting is available via

thelgl button or the Help menu item on the MapWindow Scripts window.

The MapWindow Scripts window pops up when the user selects Plug-ins:Scripts.



¥ MapWindow Scripks i [m] B
File Execute Help

o2l »|<le

—Language Cutput
+ YEMNet  CH {* Script " Flug-in
|Imp|:|rts MapWindow. Interfaces ;I

Imports MapWinGI3
Imports 3ystem. Windows.Forms
Imports Microsoft.VisualBasic

'Each script should (but doesn't have to) have a uni
FPublic HModule MyExample
Pubhlic Sub JeriptMain (ByRef m MapWin As IMapWin)
MazgBox ("This iz a Ssimple script to display the b

MsgBox ("MNumwber of Layers: " & w MapWin.Layers.Nu
End 3Sub

End Module

w
4| | »

To start a new script, click theﬁl. button. To open an existing script, click the@l button. Once the

programming code has been selected from the Language frame and the desired code has been written,
the user has several options.

[ ]
e To save the module as a script, select Script from the Output frame then click the button
e To run the script, select Script from the Output frame then click thell button

e To compile the code as a plug-in, select Plug-in from the Output frame then click the|£| button.

The name of the new plug-in, which will appear on the Plug-ins menu, is assigned in the code as the
Name property.

GIS-Related Plug-ins

There are a series of GIS-related plug-ins available as part of the MapWindow installation package, each
providing a particular range of utility. This section will cover plug-ins available on the plug-in menu; for
an explanation of other GIS functions, see GIS Utilities.



o Shapefile Editor adds both the Shapefile Editor menu item and
: + + = = - r4 + -
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buttons to the main toolbar.



e CSV to Shapefile Converter adds the Converters menu item to the main toolbar.

By CSV to Shapefile 2.0

Folygons

Conversion Options

™| Add Coordinates to SEpE

J Lanvert Al lther Beldsinta Shiap

]
¥ | Addio Vigp &

This
plug-in allows the user to convert at comma-delimited text file into a point shapefile.



Visit the MapWindow web site for complete documentation on that program. For further instructions
and videos about using MapWindow, consult MapWindow Tutorials (Note: .pdf documents must be

opened in a separate window).

Delineation Plug-ins

There are two methods of watershed delineation available in BASINS: Manual Watershed Delineation
and Automatic Watershed Delineation. Both are available on the Plug-ins menu option on the main

BASINS window.

¥ BASINS 4.5 - 02060006*

File hl! Watershed Delineation i 1! Compute hJ! Launch u! Analysis View

& &= ©

Mew Open Save Print Settings |

i J! Models Layer

= L & Dy & B
Add Remove Clear | Symbology Categories Query Properties

— o~ Ea — —~ e + + - =
$IPH L I D S 2 E ga s shp ]
Pan | In Qut Extent Selected Previous MNext Layer

|© New Insert Add Remove Copy Paste

1 x

----- # " Assign Projection to Shapefile
..... 4 |dentify Projection
----- # Projection Viewer
..... " Reproject Shapefile
El-{Z Vector Operations
B Standard
i 3D vectorto 20 vector
# Agoregate shapes
"+ Buffer Shapes
4 Caleulate Polygon Areas
4 Create Centroids
" Dissalve by Attribute
#" BExplode Shapes
Export Selection

w Shapefile

(Changes projection or (and) coordinate system of
shapefile. The shapefile must have assigned

-

Preview Map I x

Bookmarks | Plugins | Conwverters  Shapefile Editor  Help
. E ] Edit Plug-ins
Table | Seleq 04 Saripts
QD Analysis
Merge Erase Archive Project Tool
BASINS 4.5

CSV to Shapefile Converter

D4EM Data Download

EPA SWMM 5.0 Setup

EPA WASP Mode! Builder

GWLF-E Data Processor

HSPFParm - Parameter Database for HSPF
Manual Delineation

Model Segmentation

Model Setup (HSPF/AQUATOX)
Pollutant Loading Estimator (FLOAD)
Shapefile Editor

Soil and Water Assessment Tool (SWAT)
Tiled Map
Timeseries

Watershed Characterization System (WCS)

s » DR > R BEE <

Watershed Delineation

i

option titled Watershed Delineation will appear on the main BASINS menu.

e The Manual Delineation plug-in adds a Manual option to this menu:

File |1 4 Watershed Delineation hl! Models
e
Mew Automatic

Advanced TauDEM Functions 3

can be found here.

Detailed information about this plug-in

e The Watershed Delineation plug-in adds an Automatic Delineation and Advanced Tau-DEM

Functions option to the Watershed Delineation menu:

B Y
If either Manual Delineation or Watershed Delineation is selected from the Plug-ins list, a new menu



Watershed Delineation | Help

Automatic u

Advanced TauDEM Functions y pel

More information about this plug-in can be
found here.

Model Plug-ins

Several of the main modeling programs that can be used in BASINS are available as Plug-ins. When a
particular model plugin is installed, it can be selected from the main Plug-ins menu. When selected, the
particular model is then added to the Models menu options. For example, if the HSPF model plugin is
installed, the Plugin-ins menu adds the menu item Model Setup for HSPF.

Other Plug-ins

The Archive Project Tool plug-in allows the user to archive the many files associated with a project as
one zip file. The plug-in adds the option Archive/Restore Project to the main File menu. When selected
from the File menu, the following window pops up:



£ Archive or Restore Project x|

— Archive Project...

Mates:

r Preserve orginal file locations in Compression: 5
archive? :
r Include all files in same directory as
. ) : o
project, even if not in project? Archive Project |

I¥ Include Computer and User Name in Notes?

— Restare Project Archive...

Archive: I ﬂl

Wiew Archive Details ...

Restore To: I ol

[ Openinto existing (cument) project? Bestore Project

Close

The Tiled
Map plug-in allows the user to load a tiled base map using images from a number of different providers.
This plug-in adds the ‘Tiles’ menu to the main MapWindow interface. Within the ‘Tiles’ menu a user can




choose to load tiles from any of the providers shown below.

Tiles hx! Analysis hx_'! Models hx_'! Launc

| Mo Tiles
OpensireetMap
Cloudmade
Fine Line
Midnight
QpenCydeMap -
Yahoo Satellite

Yahoo Maps

ArcGIS Online World Topo Map
ArcGIS Online World Street Map
Cache Folder...

1

Choosing any of the tile options will result in the corresponding base map images being downloaded and
added to the map, as shown below.



¥ _BASINS 4.1 - national*

=loix|
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: New Open Save Print Settings : Add Remove Clear | Symbology Categories Query Properties Table |: Select Deselect Measure Identify Label Mover |
Bamsne D @@ ® WO 2 ¢ & o Vv E.[@Bes

: New Insert Add Remove Copy Paste Merge Erase Erasebeneath Move Rotate Resize Move vertex Add vertex Remove vertex Cleanup Undo ‘5"'
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EI 27 Hydrology

E[] Waterways D

| Cataloging Units o
B & Political

States D

E[] Counties ®
B[] 7 Reference

E[] Major Roads ¥
[ Tiles

PTION

A MapWinGIS 4.8
[Z]unnamed ~ | X: -8,481,220.649 Y: 5,066, 188.515 Meters | Lat: 41.364Long: -76. 188 |

| 1:7626967

The Tiled Map feature is only available in the ‘National’ project when building a new BASINS project, an
in any BASINS project using the ‘Google Mercator’ projection. Map tiles are only loaded when the
provider is selected from the ‘Tiles’ menu; the user may wish to reselect the provider from the ‘Tiles’
menu after changing the zoom level or panning the map. Time-Series Plug-ins There are a variety of



time-series types and operations available through the Plug-ins:Time Series menu.
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Time-Series Types allow BASINS to recognize numeric data sets stored in different formats and to
incorporate that data as part of the BASINS project. Time-Series Operations allow the user to perform a
variety of mathematical procedures and analyses on data sets available within the BASINS project.

Time-Series Types

When a time-series type is selected from the Plug-ins:Time Series menu, that formatted data storage
option becomes available for incorporation into the BASINS project via the File:Open Data menu item.

The following Select a File Type window pops up when plug-ins for all available time-series types have
been selected.

- H5PF Binary Output

Integrated Surface Houry Data

-~ NASA GDS File

NOAA Houry Precip Data, Archive Format, TD-3240
- NOAA Summary of the Day. Archive Format, TD-3200

- Read Data With Script
- STORET Water Quality
. SWAT Data Files

. SWAT Qutput DEF

- SWMM Input

- Timeseries DBF

- Timeseries EXCEL

- Timeseries SWMMS Output
- |JSGS RDE File

- WDM Time Series

.. WRDB Archive

| % I Cancel




Time-Series Type

Description

BASINS Observed Water
Quality DBF

CliGen
HSPF Binary Output

Integrated Surface Hourly
Data

NASA GDS File

NOAA Hourly Precip Data
NOAA Summary of the Day
Read Data with Script
STORET Water Quality
SWAT Data Files

SWAT Output DBF

SWMM Input

Timeseries DBF

Timeseries EXCEL

Timeseries SWMMS5 Output
USGS RDB

WDM Time Series

WRDB Archive

DBF file of water quality observations downloaded with the BASINS core
data

Output from a CliGen run
Binary output file (.HBN) from the HSPF model

Meteorologic data from the named database

Timeseries format of data downloaded from the North American Land
Data Assimilation System (NLDAS)

Meteorologic data from the named database

Meteorologic data from the named database

Utility to read a timeseries from a file into memory using a script.
Format of data downloaded from the EPA STORET system

SWAT Data Files (*.pcp, *.tmp, output.rch, .sub, .hru)

Output file from the SWAT model

Timeseries from a SWMM model input file

DBF file time series values stored with dates in one column and values
in the next column

Timeseries stored in Excel format with dates in one column and values
in the next column

Output file from the SWMM model
Timeseries format of data downloaded from the USGS NWIS system

Input and output time-series data that can be managed with WDMU'il
or GenScn, which are available under the Analysis menu item.
Beginning with BASINS 4.1, GenScn and WDMULtil are available as a
separate download at http://www.aquaterra.com/basins4. Much of the
WDM Time-series management functionality of WDMUtil is available
through the ‘File’ menu option in BASINS, especially through the
‘File:Manage Data’ menu option. This functionality is documented in
the user’s manual under Time-Series Management.

Archive (.txt) format from WRDB



http://www.aquaterra.com/basins4

Time-Series Operations

When the time-series operations listed on the Plug-ins:Time Series menu are selected, corresponding
submenu items become available under Compute on the main menu. The available operations, listed
below, are detailed in the Compute section of this documentation.

e Event

e Math

e Meteorological Generation
e Seasons

e  Statistics

Read Data with Script

The Timeseries Script plug-in allows a user to read a file containing a timeseries into memory based on a
script that describes the format of the file.

Selection of the ‘File:Open Data’ menu item, followed by ‘Read Data With Script’, allows the user to
access time series data not in a standard timeseries format recognized by BASINS and bring it into
BASINS. From there the imported time series may be saved to a WDM file and/or analyzed and
manipulated in the same manner as any time series known to BASINS.

Importing of time series is performed using a scripting language. This language was developed to handle
the wide variety of formats in which time series data are stored. Data Import Scripts have been
developed to process many common data formats, but the system is also dynamic in that new scripts
may be created and introduced through BASINS.

When ‘File:Open Data’, followed by ‘Read Data With Script’, is selected, a dialogue prompts the user for
the name of the file containing the data to be imported. Once a file has been specified, the user has the
option to select an existing script from the Script Selection form or to create a new script using the Script
Creation Wizard. Alternatively, the user may also develop a new script by hand using a text editor and
building a script from scratch or modifying an existing script. For other than simple formats, this method
is preferred as the Script Creation Wizard may not be able to successfully create scripts for complex
formats.

Details of the Script Selection and Script Creation Wizard forms are presented in this section. Specific
Details on the scripting language are presented in the section entitled Scripting Language.

Key Procedures

To access this plug-in, go to the ‘File:Open Data’ menu item.



File | Tiles hx! Compute hx! Models

Q Mew

Download Data

5 '! Mew Data
=l Open
w4 OpenData

[ ‘ Marnans Nata

From the ‘Select a File Type’ window, select ‘Read Data With Script’. A file dialog will prompt the user
for the name of the file containing the time series data to import.
=10] x|

Baszinzs Observed Water Quality DEF

- CliGen Output

- HSPF Binary Output

Integrated Surface Houry Data

- NASAGDS Fils

MOAA Houry Precip Data, Archive Format, TD-3240
MOAA Summary of the Day, Archive Format, TD-3200

s Fead Data With Script
. STORET Water Quality
- SWAT Data Files

- SWAT Output DBF
Synop Input

- Timeseries DEF
Timeseres EXCEL

- 1JSG5 RDE Fils

... \WWDM Time Series

Dk Cancel

Navigate to the file, click ‘Open’, and the following ‘Script Selection’ window will appear for selecting the
script to be used in reading the data.



. Script Selection for importing D:\BASINS\Extra Training Files\beltsville_pre - |I:I|i|
un

Description |5c:ript File | R
Blank Script

Click ‘Find’ to navigate to the script to be used in reading the data. (More information about the
available scripts is provided at the bottom of this page.)

Open Script File x

- -

( )v | . = Computer = 500G (D:) ~ BASINS - etc ~ TimeseriesScripts - k&3 I Search TimeseriesSeripts )
Organize v  New folder = ~ i

¢ Favorites MName “ Date modified Type | Size I |

B Desktop || HPCP_NCDC_Arch, ws 27/2001 9:57 AM WS File IKE

4 Downloads

I Recent Places || 1dstMet_DLY.ws 2/3/2001 3:43FM WS File 2KB
=5 Libraries | MultiCol7_wid 10_Mon,ws 2/8/2001 3:43 PM WS File IKE
=) Documents || simpDly_MDY.ws 2/7/20013:43 PM WS File 1KB
o Music || SimpDly_YMD.ws 2/7/20013:51FM WS File 1KB
&= Pictures || SimpHrly_YMDH.ws 1/24/2001 4:06 PM WS File 1KB
B videos || soD_oL.ws 6/21/2000 4:18 PM WS File 2KB
B Computer || 50D_OL_Coop.ws 2/7/20013:03 PM WS File 2KB
ﬂ_?' 05 () || Surfair_Hrly_Arch.ws 2(7/20019:45 AM W5 File 2KB
. 5006 ©7) || UsGsdvBASINSdownload. ws 6/27/2007 3:11PM WS File 4KB
|| UsgsDvWWeb_MDY, W5 5/24/2001 2:43FM WS File 2KB

€l Network || UsgsDvwWeb_MDY_2001.W5 5/24/2001 2:42PM WS File 1KB
|| UsgsDvWWeb_YMD. W5 5/24/2001 2:43FM WS File 2KB

|| UsGssmBASINSdownload.ws 12/18/2006 12:03PM WS File IKE

|| wWDMU|_Dly.ws 2/1/2001 10:17AM WS File 1KB

|| WDMUE|_Hrly.ws 2/1/2001 10:06 AM WS File 1KB

File name: IHPCP_NCDC_OL.ws =] [ Wizard Script Files (ws) |

Open I Cancel |

4

Specify the intended script file, and then click ‘Open’. The ‘Script Selection” window will appear
highlighting the selected script to be used in reading the data.



; Script Selection for importing D:\BASINS\Extra Training Files\ beltsville_precip.tc - |I:I|i|

Description | Script File | B
Blank Script
T R R O BASIN S etc Timesenes Scripts\HPCP_NCDC_OLws

\i

Edit

Find...
Forget
Help

Cancel

P

Click ‘Run’ to read the data. A message will indicate when it has been read successfully.

Ran Import Data Script El

ATCScript "Hourly Predp, On-Line Format, MCDC TD-3240"
Dataset Count =1

After the timeseries file has
been read, the time series will appear in the ‘Manage Data Sources’ window as type ‘Script’.

;' Data Sources - 0] x|

X,

File  Edit View Analysis Help

=) Seript
L..D\BASINS\Extra Training Files\beltsville_precip.txt (1)

To save the imported data to WDM, from the ‘Data Sources’ window, use the menu option ‘File:Save



In...” and specify the WDM file.

.- Data Sources

=101 x|

File | Analysis Help
A

Mew Ctrl -+
i
5 Open cirl+o [1'metimet. wdm [26)
View File As Text sibeltsville_precip.be |

Show File Folder

Remove Data From File

| Al Saveln.. L D:\dev\BASINS40 \data\0 708020 1'\metimet. wdm

Close Selected
Close All

- Exit

DMBASINS \BExtra Training Files'beltsvile_precip bd
1 Timeseres

121.708 bytes

Modified 5/27/2002 2:03:48 FM

In the ‘Select Data to Save’ window, select the new timeseries and click ‘OK’.



¥ Select Data to Save -0 x|
File  Atfributes Select Help
— Select Atribute Values to Fitter Available Data

I Scenario j I Location j IC:::nst'rtuent j

OBSERVED 14130157 CLou

4131402 DEWP
14132338 HPCP
4133584 _I PEVT _I

Matching Data (1 of 87)

OBSERVED 180700

HPCP

— Selected Data (1)
OBSERVED 180700 HFCF

— Dates to Include

Al Commaon |
Start  1985/12/31  1985/12/31 | 1585/12/31
End 1988/12/24  1988/12/24 | 138812724

r Apphy marth,/day range to each year

[ Change Time Step To: I'I IYear j I;’-‘-.vemge;"Same j | Ok I Cancel

This new timeseries has now been written to WDM.

Script Selection

Data import scripts have been developed to process many common data formats. The Script Selection
form displays all of the data import scripts of which this tool is aware. The list of scripts contains a
column of short descriptions and a column of script file names. The color of the script name in the list
provides a hint as to whether this script is likely to work for importing this type of data. Script names
with a red background appear unlikely to work for the data file selected.



Selecting a script and then clicking the Run button will cause the data to be read and brought into
memory.

If no appropriate script is available, the user has three options:

e Selecting a script that processes data similar to this one and then clicking the Edit button to bring up
the Script Creation Wizard. From there the script may be modified to process the data.

e Selecting the Blank Script item and then clicking the Edit button to bring up the Script Creation
Wizard. From there a new script may be built to process the data.

e Using a text editor to modify an existing script to process the data.

Note: some complex scripts use features that can not yet be edited in the graphical interface. These
scripts may be edited manually as text files before pressing ‘Run’.

Clicking the Find button browses your disk for new scripts that are not in the list. The full suite of scripts
distributed with BASINS may be found in the BASINS\etc\TimeseriesScripts folder where BASINS was
installed.

Clicking the Forget button removes the selected script from the list, but leaves it on disk.

Clicking the Debug button runs the selected script one step at a time. This is a useful tool when creating
new scripts and you want to check each step of the script as it processes the data.

Clicking the Cancel button closes the Script Selection form without importing any data.
Using the Script Creation Wizard

New scripts may also be created and used in this plug-in. The Script Creation Wizard provides a feature
to assist in the compilation of time series data from user-defined formats.



* _script Creation Wizard -0 x|

[

File Properties |Data Mapping

Data File: ID:*.EIAEINE-*.E:-:tra Training Files\belsville_precip. bt Browse I

Script File: | Browse |

Description: It:-rtE-u:riptDesu:

— Header — Column Format — Lime Ending

¥ skip * Fixed Width {* CRILF or CR

% None " Tab Delimited " LF

" Starts With |# " Space Delimited " ASCl Char: [12

™ Li 1 L Ja0
Lines 1  Character: I'_ Line Length:|20

1 2 3 4 5
123456TE89012345678090123456T78901 2345878901 2345878801
CCOCPID, STATICH HAME CD, ELEM, UN ﬂ
-===== F- - - - - l__l____l__
180700, BELTSVILLE 00, HPCP, HT
180700, BELTSVILLE 00, HPCE,HT
180700, BELTSVILLE 00, HPCE,HT
180700, BELTSVILLE 00, HPCE,HT
180700, BELTSVILLE 00, HPCE,HT
180700, BELTSVILLE , 00, HPCE,HT
180700, BELTSVILLE , 00, HPCE,HT
1820700, BELTSVILLE , 00, HPCPE, HT
1820700, BELTSVILLE 00, HPCPE, HT
120700 2ERTTESVUTT TR [T = v S _lﬂ
Kl :
Read Data Save Script Help Cancel

4

When the Edit button on the Script Selection form is clicked, the Script Creation Wizard is displayed.

The File Properties tab contains general specifications about the data file being imported. The name of
the file being imported and the name of the script file being edited, along with its description, are
displayed at the top of the form. (If building a new script, the Script File name will be blank). The
Browse buttons to the right of the file names allow different files to be selected.

The Header frame contains specifications about processing any header lines in the file. If the Skip check
box is checked, there are three options available for skipping header records: None, lines that Start
With a specified character, or a specified number of Lines.



The Column Format frame contains specifications about the format of the data records. The Fixed
Width option implies that the data elements (values, dates, etc) are in the same columns throughout
the file. The Tab and Space Delimited options imply that the data elements are separated by tabs and
spaces, respectively. The Character option allows the user to specify characters that separate the data
elements.

The Line Ending frame contains specifications about what markers are used to indicate the end of the

data records. The most common is CR/LF (carriage return/line feed), although some data downloaded
from the internet may only contain a line feed (LF). Options for other ASCII Characters or specific Line
Lengths are also available.

As specifications are made in these frames, the display of the data file may be adjusted to reflect them.
For example, if a specific number of header lines are identified to be skipped, that many header lines will
be removed from the data file display.

After making the necessary File Properties specifications, the Data Mapping tab can be used to describe
the format of the data.
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File Properties Data Mapping |

=101 x|

Name Attibste | Beg-End Column | Constant Skip Values 4|
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1900
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] —
YES
yes M
| b
P = 4 =
123456785801 23456780901 23456T8901234567890123456T78501
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- = P T TTTTTTTTT T [ T
180700,BELTSVILLE ,00,HECE, HT
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180700, BELTSVILLE ,00,HPCE, HT
180700,BELTSVILLE ,00,HPCE, HT
1Ta8nTN0 RRTTSUITTTRHR = et = = o _lﬂ
4 L
Read Data | Save Script Help Cancel

4

The list at the top of the Data Mapping tab contains Names of various data elements used in importing
data. The lower portion of the tab contains a display of the data file with column numbers across the
top of it. These column numbers can be highlighted, by clicking and dragging with the mouse, to define
the location of the data elements. Thus, to define the Input Column for a data element, click on that
element and then click and drag on the column numbers in which the element is found. In some cases a
data element’s value will be constant (e.g. Hour and Minute for daily data). In such a case, the value for
that element may be entered under the Constant column. The Constant column may also be used to
apply a constant value to a data element. This is done by inserting the desired mathematical symbol in
front of the constant value. For example, if the year values on a file were only the last two digits,
entering +1900 in the Constant column would add 1900 to the 2-digit year values when processing the

data.




Some data elements are general information about the data being processed. These elements may be
stored as attributes of the time series. To indicate a data element as an attribute, a yes is entered under
the Attribute column for that element. The values for these attributes may then be entered under the
Constant column. It is important to enter values for the Scenario, Location, and Constituent attributes as
this will make the new time series more recognizable by other BASINS components.

Once the data elements have been defined as desired, the Save Script button may be used to write the
script to a file for future use. The Read Data button is used to try to process the data using the script
defined in the wizard. The Cancel button will close the Wizard and no data will be imported.

Data Import Scripts Distributed with BASINS

This table summarizes the data import scripts distributed with BASINS. Sample data files listed in the
table are also distributed. These files may be found in the BASINS\etc\TimeseriesScripts folder where
BASINS was installed.

Script File Name Description of Data Format Script Reads Sample Data File

HPCP_NCDC_Arch.ws Hourly Precip, Archive Format, TD-3240 Ithaca_prec.ncd, ncdc.ncd

HPCP_NCDC_OL.ws Hourly Precip, On-Line Format, NCDC TD- aberdeen.ncd
3240

IdStMet_DLY.ws Idaho State Climate Services Daily Format fennrs.log

MultiCol7_Wid10_Mon.ws  Multi-Columns (7) of Width 10, Monthly acpoint.prn
Values

SimpDly_MDY.ws Simple Daily Value Format-mm/dd/yyyy usgsfecal.prn

SimpDly_YMD.ws Simple Daily Value Format-yyyy/mm/dd

SimpHrly_YMDH.ws txtScriptDesc

SOD_OL.ws Summary of the Day TD-3210 Bing_SOD.ncd

SOD_OL_Coop.ws Summary of the Day, On-Line, Coop Ambherst.ncd

SurfAir_Hrly Arch.ws Surface Airways Hourly Data, Archive surface.ncd

Format, TD-3280
UsgsDvWeb_MDY.WS USGS Daily Web Values (mm/dd/yyyy) hist_littleyellow.cgi
UsgsDvWeb_YMD.ws USGS Daily Web Values (yyyy/mm/dd) tendall.rdb

WDMULil_Exp_Dly.ws WDMUtil Export Format - Daily Values tmax.exp




WDMULtil_Exp_Hrly.ws

WDMUtil Export Format - Hourly Values prec.exp

Scripting Language

Wizard scripts use polish notation (Operator Argument Argument ...) The best way to learn how they
work is to examine the sample scripts (*.ws), but this reference provides a brief summary of the various
scripting language commands.

Command

And
ATCScript
Attribute
ColumnFormat
Comment

Dataset

Date
EOF
FatalError

Fill

Flag

For

Example

(And (Not EOF) (< Day 32))

Every scripts starts: (ATCScript “Script Description”

(Attribute “Constituent” “PREC”)

See below
(Comment “Author: Mark Gray 8 May 2000”)
(Dataset Scenario “OBSERVED”
Location Location
Constituent Constituent
Description “Summary of the Day”)
(Date Year Month Repeat Hour “0”)
End of File indicator
(FatalError “Unknown flag found”)
(Fill H 1 0 -999 -998)
This fills in any omitted, missing, or accumulated

values to create a constant interval dataset
First arg is first letter of time units:

Century, Year, Month, Hour, minute, second

Next arg is number of time units between values
(default 1)

Next arg is value to fill in for omitted values
(default 0)

Next arg is value to fill in between missing values.
Missing values are those set to -999 by the script
(default -999) \

Next arg is value to fill in between accumulated values
Accumulated values are those set to -998
(default -998)

(Flag 1) Not used by any application yet

(For Repeat = 1 to “31”
(Date Year Month Repeat)
(Value Value))



If

In

Increment

IsNumeric

LineEnd

Literal

+/*/\_

Mid

NextLine

Not

Set

Test

Trim

Unset

Value

Warn

While

(If (= Value 999999)
(Value -999))

(If (In Value 999999 000000)
(Value -999))

(Increment Repeat)
Sets Repeat = Repeat + 1

(If (IsNumeric Value)
(Increment Repeat))

(LineEnd CR)
Defines end of line

\\31//
Any string enclosed in double quotes is left alone

(Set Repeat (+ Repeat 1))
(Value (/ Value 100))

Not yet implemented

(NextLine)
Moves to the next line of the input file

(While (Not EOF)
Returns logical opposite of its argument (0, 1)

(If (Or EOF (> Repeat 31))

(Set Constituent Col2)

Assigns value of second argument to variable named
by first argument.

(Test (And (< Year 2100) (> Year 1800)))

If the last expression within a Test returns True

(True = 1) then this script will be highlighted.

(Set Constituent (Trim Col2))

Evaluates to its argument without surrounding spaces

(Unset Constituent)
Opposite of Set. Remove variable definition.

(Value ValRead)

ValRead is the name of the column from the
column definition. Assigns argument to data
value in current dataset at current date.

(Warn “Uh, oh!"”)
A message box is opened, then the script proceeds.

(While (Not EOF) ... )
The first argument is evaluated for truth (0 or 1).
If true, the other arguments are evaluated (run)



and then the loop repeats.

> (If (> Repeats 31) ... )

>= Comparison operators evaluate to 1 if the comparison
< is true, 0 if it is false.

<=

<>

Fixed width ColumnFormat Example and discussion

(ColumnFormat Fixed
61-66:Value
32-35:Year
36-37:Month
59-60:Hour
9-31:Location
55-58:Constituent
1-8:Station
38-42:Latitude
43-48:Longitude
49-54:Elevation
59-66:Repeating)

For fixed width columns, the first argument is “Fixed”. All other arguments are in the format
columns:name. Columns are numbered starting with 1 for the first character. Columns are either a single
number indicating a single characterposition (perhaps a flag column) or a pair of numbers indicating
arange of columns. 10-12 indicates a column that includes three characters on eachline: 10, 11, and 12.
10+3 indicates the same three characters and is merely analternate syntax for convenience.

The name which appears after the colon is how this column is referred to later in the script.

Repeating is a special column name. This is specified if there is more than one value on a line. The
columns specified for Repeating are the first set of character positions that show the pattern. In the
example above, 59-66:Repeating includes the columns for59-60:Hour and 61-66:Value so both of these
columns repeat. It is important to get the boundaries of Repeating correct — The character just after the
end of Repeating should correspond to the first character of Repeating. For example, if 50-59:repeating
is specified, that range should include the first value on the line and 60-69 should contain the second
value and so on. When reading all the values on a line, the special variable Repeat is used to determine
which position we are looking at. For delimited columns, the first argument would be “Tab” or ”"Space”
or a string of characters which are each to be treated asa delimiter. For an Excel spreadsheet saved as
comma-separated values where one column is a date in the format 6/12/99, the first argument might be
,/ so the parts of the date will be separated as well as the other columns.



Watershed Delineation

Several BASINS delineation tools are provided to assist the user with subdividing a selected HUC-8
watershed into higher-resolution subbasins. The comprehensive data products available in BASINS were
developed based on nationally available information and are suited for large-scale assessments. When
dealing with localized small-basin analysis, however, higher-resolution data might be necessary to
effectively capture the site-specific feature variability. A watershed boundary created using the BASINS
Watershed Delineation tool allows a user to define the entire land area contributing to flow in a stream.
Watersheds can be delineated for Reach File, V1 or NHD/NHDPIus reach file stream segments depending
on which data will be used for modeling. Once delineated, analyses can be performed on delineated
watersheds using the BASINS Watershed Characterization Report tools.

The automatic and manual delineation tools and their associated functions are described below. The
user does not need any additional software besides that provided with BASINS 4 to perform the
delineation task.

e Automatic Delineation Tool: This tool allows the user to delineate subwatersheds based on an
automatic procedure using Digital Elevation Model (DEM) data. User specified parameters provide
limits that influence the size and number of subwatersheds created.

e Manual Delineation Tool: This tool allows the user to delineate subwatersheds using a mouse.
Doing so allows a user to segment a watershed into several smaller hydrologically connected
watersheds based on the user’s knowledge of that watershed’s topography.

Automatic Watershed Delineation

BASINS 4 Automatic Watershed Delineation tool carries out advanced GIS functions to aid the user in
segmenting watersheds into several hydrologically connected sub-watersheds for use in watershed
characterization and modeling. The delineation process requires a Digital Elevation Model (DEM) in grid
format, and optionally a stream segment outlet point layer and/or a pre-digitized stream network
(Reach File Version 1 or NHD/NHDPIlus datasets) in polyline format.

Key Procedures

e Download a DEM grid via the File:Download Data menu item. The BASINS DEM Grid (DEMG) has a
100 m resolution while the National Elevation Dataset (NED) has a 30 m resolution.

e Select the Plug-ins:Watershed Delineation menu item, which will make the automatic delineation
tool available under the Watershed Delineation:Automatic menu item.

e (Optional) Select the Watershed Delineation:Advanced TauDEM Funtions menu item to avail these
functions, for which full documentation is available online.



Automatic Watershed Delineation

Select the Watershed Delineation:Automatic menu item, and the Automatic Watershed
Delineation form will pop up.

— Setup and Preprocessing
Elevation Units  Base Elevation Data (DEM) Layer:

[T Bumdn Bxsting Stream Pohyine

=R B Dicit=! Elevation Mode! (02060006demg)

ISEIE:’[ a Stream Pobdine Shapefile

[T Use a Focusing Mask

" Use Cumert View Extents for Mask Set BExtents

{* Use Grid or Shapefile for Mask

ISEIE:’: a Mask Grd or Polygon Shapefile or Use Bdtents j E?
Draw Mask Select Mask 0 Selected
lse Edsting Intermediate Files Run |

— Metwork Delineation by Threshaold Method
18273 H of Cells I?:-E.EEJ#E» 5. mi i

Use Existing Intermediate Files | Run

— Custom Outlet/Inlet Defintion and Delineation Completion
[T Use a Custom Qutlets/Inlets Layer

ISEIE:’[ a Point Shapefile, then Select or Draw Outlets/Inlets

=l =

Draw Outlets/Inlets | Select Outlets/Inlets 0 Selected
Snap Preview | Snap Threshold IE—I}I} Run |
Mumber of processes |1 ™ Show TauDEM output
Advanced Settings | Cloze Run Al |




Click the top E”I button and browse for the DEM grid to provide topographic data for the
delineation process.

(Optional) Check the Burn in Existing Stream Polyline box, click the associated E”l button, then
browse for the stream segment polyline layer.

(Optional) Check the Use a Focusing Mask box if you want to delineate subbasins in only a portion
of the specified input DEM grid. When the Use a Focusing Mask box is checked, specify whether
you wish to use the current view extents as the mask or whether you wish to use an existing grid or
shapefile as the mask. The Current View Extents option will delineate subbasins only within the
area currently shown on the map. If desired the user may click Set Extents to return to the map,
reset the map extents, and then return to the automatic delineation dialog. If the Use Grid or

Shapefile option is chosen, the user may click the associated El button and then browse for the

shapefile or grid to use. The Draw Mask button is used to allow the user to digitize a mask, and the
Select Mask button is used to select particular polygons within a shapefile to be used as the mask.

Click the Run button within the Setup and Preprocessing frame. At this point the DEM will be
preprocessed for use in the following delineation options.

Enter the minimum number of cells to be used as the threshold for delineation. For example, if the
100m resolution DEMG is being used as the basis for delineation and the threshold is set at 3000
cells, then the minimum contributing area of a delineated subbasin would be 30 million square
meters (3,000 hectares). The delineation threshold can also be entered in other units of area such
as square miles, using the field to the right of the number of cells.

Click the Run button within the Delineation frame. At this point the stream network will be
computed based upon the input threshold level.

(Optional) Check the Use an Custom Outlets Layer box to add additional outlets not already
computed based on the threshold. The user may add a custom outlets layer through a choice of

means. One way is to click the associated E}’l button, then browse for the stream segment outlet

point layer. The other way is to use the Draw Outlets button to place the outlets on the mapin a
point-and-click process. Either way only the selected outlets will be used in creating subbasins. The
Select Outlets button is used to return to the map and adjust which outlets are selected. The Snap
Threshold and Snap Preview button are used to move the specified points to locations on the
stream network within the specified tolerance.

Click the Run button within the Custom Outlet Definition and Delineation Completion frame. At
this point the subbasins will be computed based upon the specifications of the form.

(Optional) The user may return to the delineation threshold or custom outlets steps to refine the
delineation after seeing the computed subbasins and stream network.

(Optional) Check the Advanced Settings box, and a form will appear include several advanced
TauDEM options, including options to control which layers are added to the map, options for



delineation algorithms, and options controlling additional fields that might be calculated as desired.
Full TauDEM documentation is available online.

x|

—Relative Output Directory
| =

—Awailable Intermediate Output Layers to add to Map

™ Select Al

[ FitFilled [T D2 Flow Directions
[~ DB Contributing Area I” | Dinf Elow Directions

e Strahler Order and
I[N | BlnfContributing Area | Flow Path Le
™ Full River Network Raster [ gtnrdﬂ?dm{]rilﬁrﬁnd
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—Delineation Options
[~ Use D-infinity For more accurate delineation

r Check for Edge Contamination (Removes sub-basins
with in-flow from edge cells)

—Additional Calculated Fields

Calculate Additional Calculate Additional
IV Stream Fields v ‘watershed Fieglds
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Close |

e The Run All button performs the functions of all three Run buttons on this form consecutively.
Using this button a user may set all inputs on this form initially and then do all processing with one
click. The program will process the delineation task then return to the main form with the new
Watershed Shapefile and Stream Reach Shapefile displayed on the map window.

Automatic Watershed Delineation Output Data

Watershed Shapefile (Subbasins) Layer Data Fields



Field Name

Description

Shape_lId
PolygonID
AveSlope
Area_M
Area_Acre
Area_SqMi
StreamLink
StreamLen
DSWSID
US1WSID

US2WSID

Shape identifier

Polygon identifier

Average subbasin slope [%]

Area in square meters

Area in acres

Area in square miles

Identifier of corresponding stream segment
Length of corresponding stream segment [meters]
PolygonID of downstream watershed

PolygonID of first upstream watershed

PolygonID of second upstream watershed

Streams Layer Data Fields

Field Name Description

Shape_id Shape Identifier

LINKNO Link Number. A unique number associated with each link (segment of channel between
junctions); corresponds to StreamLink in the Watershed Shapefile

DSLINKNO Link Number of the downstream link. -1 indicates that this does not exist.

USLINKNO1 Link Number of first upstream link

USLINKNO2 Link Number of second upstream link.

DSNODEID Node identifier for node at downstream end of stream reach. This identifier
corresponds to the ‘id’ attribute from the Outlets shapefile used to designate nodes.

Order Strahler Stream Order

Length Length of the link [meters]

Magnitude Shreve Magnitude of the link. This is the total number of sources upstream




DS_Cont_Ar Drainage area at the downstream end of the link [square meters]. Generally this is one
grid cell upstream of the downstream end because the drainage area at the
downstream end grid cell includes the area of the stream being joined.

Drop Drop in elevation from the start to the end of the link [meters]

Slope Average slope of the link (computed as drop/length) in percent

Straight_L Straight line distance from the start to the end of the link [meters]

US_Cont_Ar Drainage area at the upstream end of the link [square meters]

WSNO Watershed number. Cross reference to the *w.shp and *w grid files giving the
identification number of the watershed draining directly to the link.

DOUT_END Distance to the outlet from the downstream end of the link [meters]

DOUT_START  Distance to the outlet from the upstream end of the link [meters]

DOUT_MID Distance to the outlet from the midpoint of the link [meters]

ElevLow Minimum elevation of the stream reach [meters]

ElevHigh Maximum elevation of the stream reach [meters]

MeanWidth Estimated stream reach width [meters]

MeanDepth Estimated stream reach depth [meters]

DSAreaAcre Drainage area at the downstream end of the stream segment in acres

DSAreaSgMi Drainage area at the downstream end of the stream segment in square miles

USAreaAcre Drainage area at the upstream end of the stream segment in acres

USAreaSqMi Drainage area at the upstream end of the stream segment in square miles

Note: In the table above, all but the last eight fields are computed by TauDEM. See the TauDEM
documentation for full details.

Outlets Layer Data Fields

Field Name  Description

Shape_lId Shape Identifier

ID Outlet Identifier




Note: The Automatic Watershed Delineator creates the Outlets Layer only if specified by the user, for
the purposes of specifying where subbasin outlets are to be located. PCS locations can be added to
HSPF by specifying the PCS layer as the Outlets Layer in the HSPF Model Setup Plug-in.

Manual Watershed Delineation

The BASINS 4 Manual Watershed Delineation tool allows the user to manually subdivide a watershed
into several smaller hydrologically connected watersheds for use in watershed characterization and
modeling. A single watershed or a watershed system containing multiple subwatersheds can be
delineated. The tool is further enhanced to provide users the flexibility in editing shapes and attributes
of manually delineated watersheds, outlets and generating stream networks.

The procedures for using the Watershed Delineation tool are described below for single and multiple
watershed delineations. Watershed delineation procedures are the same for Reach File, V1 or
NHD/NHDPIus stream segments.

Key Procedures
Single-Watershed Delineation

e Download a DEM grid via the File:Download Data menu item. The BASINS DEM Grid (DEMG) has a
100 m resolution, while the National Elevation Dataset (NED) has a 30 m resolution. A DEM
shapefile can also be used.

e Download a stream polyline layer via the File:Download Data menu item. The BASINS
NHD/NHDPIus layers have a high resolution that works well for detailed watershed analyses, while
the Reach File, V1 layer has a low resolution that works well on the grosser HUC-8 scale.

e Make sure the active GIS layers include a watershed boundary polygon layer, a DEM grid layer, and a
stream polyline layer.

e Select the Plug-ins:Manual Delineation menu item, which will make the manual delineation tool
available under the Watershed Delineation:Manual menu item.



e Select the Watershed Delineation:Manual menu item, and the Manual Watershed Delineator form
will pop up.

Z Manual Watershed Delineator =101]

—Manual Delineation

St | Cancel |

Combine Selected Subbasins |

—Subbasin Parameters

Elevation Laver: IDigitaI Elevation Model j

Calculate Subbasin
Parameters

—Stream Network
Feach Layer: IHeach File, %1 j

Define Stream
MNetwork and Outlets

™ Include PCS as Outlets ™ Farce continuous flow path

Close

e To subdivide the watershed into subbasins:

o Select the watershed boundary layer from the Subbasin Layer pull-down menu.



o C(Click the Delineate Subbasin button.
e Change focus to the main BASINS window.

e Draw a new interior boundary to subdivide the watershed by clicking on the beginning and end
point, as well as any intermediate vertices, of the new boundary line.

Tip:  To delineate your watershed, you need to begin and end the delineation process outside of the
existing watershed boundary in which you are working. The new boundary line will appear red.
Place the mouse pointer slightly outside the cataloging unit boundary and click the left mouse
button to begin delineation. Move the cursor to a point within the cataloging unit boundary and
click the left mouse button once to create the first line segment of the watershed outline. Repeat
this point-and-click process for each interior vertex.

e To finish the watershed outline, make a final mouse-click at a point outside the existing watershed
boundary and right-click; or return to the Manual Watershed Delineator form, and click the Commit
button. Click the Cancel button to erase the new boundary line and forego making any changes. It
is not necessary to delineate the portion of your watershed that coincides with the existing
watershed boundary. The delineation tool automatically clips your watershed at the existing
watershed boundary.

Tip:  Best results are produced by an “out-and-back” procedure; that is, delineate in the direction of
the watershed’s pour point (on one side of the stream segment) and return to the cataloging unit
boundary on the other side of the stream. Start the watershed delineation at the upper most
stream segment (headwaters) within the study area and work down stream.

To calculate subbasin parameters for the newly delineated watershed:
e Select the DEM grid from the Elevation Layer pull-down menu.

e C(Click the Calculate Subbasin Parameters button.

Tip:  The new subbasin parameters will be stored in the DBF file associated with the watershed layer,
and will be available later to provide watershed parameters for watershed model construction.

These attributes can be viewed and edited using the Table Editor utility when the subbasin
layer is active on the main BASINS form.

To demarcate the stream segments and their outlets in the newly delineated watershed:



e Select the polyline stream layer from the Reach Layer pull-down menu.

e (Click the Define Stream Network and Outlets button.

Tip:  The new stream segment parameters will be stored in the DBF file associated with the stream
layer, and will be available later to provide streambed parameters for watershed model

construction. These attributes can be viewed and edited using the Table Editor utility when
the stream layer is active on the main BASINS form.

e (Optional) Click the Include PCS as Outlets checkbox to include Permit Compliance System (PCS)
facilities as outlet points in the stream network. If this option is checked, each PCS facility located
within each subbasin will be added as a point in the outlets layer. Doing so provides the connection
to the modeling plug-ins that establishes which PCS point source discharges are to be represented in
the model.

o (Optional) The Force continuous flow path checkbox can be used to create a continuous stream line
through each subbasin. With this option off, in most cases the stream line will be continuous
throughout each subbasin. However in some cases the stream network specified in the stream layer
can have gaps or missing segments. This option can be used to fix incomplete or non-contiguous
stream networks.

The Combine Selected Subbasins button is used to combine subbasins selected on the map view into a
single subbasin shape. This tool is designed for the user with a large number of smaller subbasins that
the user has decided to combine for modeling purposes. The user should select a number of subbasins
from the currently active subbasin shapefile on the map, and then click this button to combine (merge)
them into a single shape. After using this tool as many times as desired, the user should proceed to
calculate subbasin parameters and define the stream network and outlets using the corresponding tools
within this form.

Manual Watershed Delineation Output Data

Subbasins Layer Data Fields

Field Name  Description

Shape_|Id Shape Identifier
Subbasin Subbasin number

Slol Subbasin slope [%]




AreaAcres Subbasin area in acres
AreaMi2 Subbasin area in square miles

Bname Assigned subbasin name

Streams Layer Data Fields

Field Name  Description

Shape_id Shape Identifier

Subbasin Subbasin number

Subbasinr Subbasin number receiving surface water from the subbasin
Len2 Stream reach length [meters]

LArea Local drainage area [square meters]

TArea Total cumulative drainage area [square meters]

TAreaAcres  Total cumulative drainage area in acres

TAreaMi2 Total cumulative drainage area in square miles
Wid2 Stream reach width [meters]

Dep2 Stream reach depth [meters]

MinEl Minimum elevation of the stream reach [meters]
MaxEl Maximum elevation of the stream reach [meters]
Slo2 Stream reach slope [%]

Sname Stream name

Outlets Layer Data Fields

Field Name  Description

Shape_lId Shape Identifier

ID Outlet Identifier




Pcsid Unique ID from PCS; blank if not a PCS location
Xpr X coordinate in the current projection

Ypr Y coordinate in the current projection




Analysis

There is an array of plug-in utilities available under the Analysis menu item.

Plug-ns | Shapefie Editor  Watershed Delineation  Converters  Help

f

Edit Plug-ins b

A _ %

r Scripts Fnh’ﬁa Label Mover |
Analysis b Cligen

Archive Project Tool Climate Assessment Tool
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There is a one-to-one correlation between selections from the Plug-ins:Analysis submenu and Analysis
menu items, with the exception of Lookup Tables, which has a single entry under Plug-ins:Analysis but
four entries under Analysis (Projection Parameters, STORET Agency Codes, Standard Industrial
Classification (SIC) Codes, and 304a Water Quality Criteria). In addition to the aforementioned software
links, the following utilities are provided by Analysis plug-ins:

e Time Series Functions
e Lookup Tables
e Reclassify Land Use

e Watershed Characterization Reports

Time Series Functions

Five utilities available via the Analysis menu provide the ability to quickly analyze available project time-
series data: Data Tree, Graph, Seasonal Attributes, Synoptic Analysis, and List. Project time-series data
are managed through the Time-Series Management Utilities. There may be any number of timeseries
available in a project, based on which time series files are in the project. Note: In order for the following



Time-Series Functions to be accessible, they must be activated from the Plug-ins:Analysis menu on the
main BASINS screen.
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When any one of these five items is selected, the Select Data form pops up, allowing the user to filter
the available time series based on their attributes.




;' Select Data
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The top section of this form is titled Select Attribute Values to Filter Available Data and contains pull-
down lists with time-series attributes. The number and content of these lists can be managed through
the Attributes menu. When the user selects an attribute from any of these lists, the grid beneath is
populated with the range of distinct values for that attribute from all available time series. Then, when
the user selects one or more of these values from the list, the middle section of the form, titled
Matching Data, is populated with all available time series that have the selected value for the given

attribute.




¥ Select Data - 10| x|
File  Atfributes Select Help
— Select Atribute Values to Fitter Available Data

IScenaricu j ILu:u:atiu:un j IC:::nst'rtuent j

COMPUTED Mﬂ ATEM -]
MO180702 DEWP
MO180703 PEVT b
MO 80704 LI PREC LI

Matching Data (7 of 55)

OBSERVED MD1230700 PREC

OBSERVED MD120700 ATEM

OBSERVED MD130700 WIND

OBSERVED MD120700 SOLR

OBSERVED MD120700 PEVT

OBSERVED MD120700 DEWwWP

OEBESERVED MO180700 cLou

— Selected Data (0)

— Dates to Include

Al Common |
Stat  none none |
End none none |

r Apphy marth,/day range to each year

I™ Change Time Step To: |1 IDH{,’ | I;’-‘u:u:umulate;"Divide | | Ok I Cancel

Finally, the user selects from among the time series listed in the Matching Data section, and these time
series are listed in the bottom section of the form, Selected Data. Once time series are selected, clicking




on the OK button will close that form and invoke the appropriate form for the selected analysis.

ol
File  Atfributes Select Help
— Select Atribute Values to Fiter Available Data

IScenaricu j ILu:u:atiu:un j IC:::nst'rtuent j

COMPUTED =~ | ATEM (=
MD120702 DEWP
MD120703 FEVT b
MD120704 LI FREC LI

Matching Data (7 of 55)

CBSERVED MD120700 ATEM

OBSERVED MD120700 WiND

OBSERVED MD120700 SOLR

OBSERVED MD120700 PEVT

OBSERVED MD120700 CEWP

OBSERVED MD120700 CLou

— Selected Data (1 of 55)
OBSERVED MD130700 PREC

— Dates to Include

Al Comman |
Start  1948/04/30  1948/04/30 | 1543/04/30

End 2009712731 20091231 | 200912/

r Apphy manth/day range to each year

I™ Change Time Step To: |1 IDH{,’ | I;’-‘u:u:umulate;"Divide | | Ok I Cancel

Data Tree

The Data Tree submenu item will produce a window listing all of the attributes and many calculated
statistics for the selected time series. The Data Tree form has an Analysis menu item from which any of



the five time series analysis tools covered in this section can be selected.

1 Data Tree = |EI |i|

File Edit Wiew Analysis Help

= OBSERYED 01594526 FLOWY -
B Attributes

- AGEMCY  USGE

- COMPFG 1

- Congtituent - FLOW

- DAREA - 897

- Data Source | D\Basinsg\datah 020600064 owhfl ove wedm

- DATCRE : 2A5/2008 9:37:56 Ak

- DATROD - 2A15/2008 9:37:56 Akd

- ELEY : 30

- HeaderComplete : True

- Higtory 1 fram flowewdm

- HUCODE : 2060006

-0 1k

- interval 1

- LATDEG : 38.81422

- LNGDEG : -76.74873

- Location : 0159452R

- Boenario : OBSERNVED

- STAMAM WESTERMN BRAMNCH AT UFFER MARLBORO, bMD

- STFIPS : 24

- TGROUP &

- Time Step 1

- Tirme Unit : 4

- TSEYR 1880

- TSFILL - -995399

- TSFORM 1

- TSTYPE | FLOW

- SWETIME 1

=- Computed

- 2200001511

- 200148 :1.4

- 200163315

- 200181615

- 2001995815

- 200218215

- 2002396015

- 2200264 1.7 LI

Graph

The Graph menu item is used to produce graphs of the selected time series. When the ‘Graph’ menu
item is selected, a form is produced for choosing from among a set of possible graph types. Among the
implemented graph types include Timeseries, Flow/Duration, Running Sum, Residual, Cumulative
Difference, and Scatter.



—. Choose Graphs to Create =i

w Timeseries

[ Flow/Diuration

] RBunning Sum

[ Residual (T32 -T51) (two datasets needed but 1 datasets selected
[ Cumnulatree Difference (two datasets needed but 1 datasets selecter
L] Scatter ([TS52 ws TS1) (wo datasets needed but 1 datasets selected

Al Mone Cancel Henerate I

Y

Once the user has selected one or more of the desired graph types and clicks ‘Generate’, the graphs will
be produced. The File menu can be used to print the graph or save it to file. The timeseries displayed on
the graph can be changed using the ‘Select Data’ menu item from the ‘File’ menu.




#. Timeseries Graph o] x|
File Edt WView Analysis Coordinates  Help

5II:II:ID T T T T T T T T T T T T T T T
—— OBSERVED FLOW at 01594526
DOBSERVED FLOWY at 01651800
4,000 F .
= 3000 | i
O
|
IS
]
=
14
1]
w
m
o 2000} .
1,000 .
l L] BN UNRTRTT W, e M Lot 0| e

1954 1996 19495 2000 2002 2004 2006

The Edit menu can be used to modify the appearance (for instance curves, axes, labels, and so forth) of
the graph. The form contains five tabs (Axes, Curves, Lines, Legend, and Text). When a graph is first
drawn it is given default values for all these parameters.



2 _Edit Timeseries Graph -0l x|

Axes |Curves| Lines | Legend | Text |

Axis & Bottomx ¢ LeftY ¢ Righty O Auxiliary ¥

Type & Tirne C Linear  © Logatthmic € Probakility

Title |

Zoom Range  |1992/06/17 to  |2007/09/30

bajor Units V¥ tics M grid IGrid Calor

bdinor Units ¥ tics v grid |Grid Calar

™ Apply Autamatically Apply

Menu items on the View menu are used to specify zooming/panning on the horizontal or vertical axes.
If the graph has been zoomed in, the ‘Zoom to All’ menu option returns the graph to the original
extents. The Analysis menu allows the user to switch to another of the BASINS timeseries data analysis
tools directly from the graph. If, for instance, the current graph includes two timeseries, the user
chooses the ‘List’ item from the ‘Analysis’ menu and obtain a listing of the same two timeseries. The
Coordinates menu allows the user to turn on a feature that displays the coordinates of the mouse
pointer as it is moved over the graph.

List

The List submenu item produces a listing of dates and associated values for the selected time series.




L =
. Timeseries List

File Edit Wiew Analysis Help

History 1

hax

Mean

Min

STAMNARM
1985/10/01 24:00
198510/02 24:00
1985/10/03 24:00
1985/10/04 24:00
1985/10/05 24:00
19851 0/08 24:00
19851 0/07 24:00
1985/10/08 24:00
1985/10/09 24:00
198511010 24:00
1985/10/11 24:00
19851012 24:00
19851013 24:00
1985/10/14 24:00
19851015 24:00
1985A10/16 24:00
198510/17 24:00
1985/10/18 24:00
19851019 24:00
19851 0/20 24:00
198510/21 24:00
1985/10/22 24:00

frorm flow.wdrm

4,220

97 177

1.1
WESTERMN BRAMCH AT UPFPER MARLBORO, MD

42
33
BES
2643
85
52
35
31
27
25
22
21
20
20
30
27
21
15
15
15
93
217




The View menu contains a set of customization options for the listing. The File:Select Attributes menu
item allows the user to select the attributes that will appear at the top of the listing.

% select - 0] x|
LDIST ;|

Location

Farent Timesernes
Scenatio

SOMND

seadbg

seadnd

seashg

seasnd

Serial Correlation Coefficient
SdDay

Shew

SKMWND

STAID

Standard Dewviation
Standard Error of Skew
STFIFPS

Surmn _:J

Al Mane POk Canu:ell
4

Seasonal Attributes

The Seasonal Attributes submenu item calculates the value of the selected attribute(s) for each interval
in the selected type of season. For calculation purposes, a “season” can be days of the week, months of
the year, the traditional four seasons (Autumn, Winter, Spring, Summer), or a variety of other options.

The following form will calculate the mean, minimum, and maximum value for the selected time series
during each of the four seasons.



:'__ Seasonal Attributes

—Attnbutes

10

1Hi100

Drate Created
D ate Maodified
Count

Geometric Mean

Warlance

Standard Deviation

Skew

Standard Error of Skew
Serial Correlation Coefficient
Coeffizient af Y ariation

] A

02%

Al

—Seazonz

Al

Mohe |

Cancel

Synoptic Analysis




The Synoptic submenu item produces an analysis of events in the selected time series.

“_synoptic Analysis of OBSERVED MIX1 80700 PREC - 0| x|
File Edit Wiew Anakysis Help

LI |.1 88.3% of volume in 4833 events

Allow Gaps of up to |3 Hours LI during an event

Group By |Ea|:h Ewent LI

Group Start Date  Start Time Measurements Volume Duration Intensity Intensity  Time Since Last ﬂ
Sum Sum hdax hean hean
in Hours  indhr infhr Hours

1 1948-05-02 16:00 1 019 1 019 019

2 1948-05-03 00:00 3 0.91 3 0.53 030333 &

3 1948-05-04 2300 5 1 g 0.36 0.z 45

4 19458-05-07 0400 3 0.48 3 .18 016 44

i 1948-05-12 2300 7 1.38 7 0.39 0159428 137

B 1948-05-17 01:00 1 0.z 1 0.z 0.z 92

7 1348-05-26 11:00 1 a1 1 0.1 0.1 226

g 19458-05-28 15:00 5 05 5 0z 0.1 7B

g 1948-05-30 02:00 1 0.4 1 0.4 0.4 7

10 1948-05-30 12:00 4 1.17 4 0.47 02925 17

11 1948-0B6-07 13:00 1 0.49 1 0.49 0.49 183

12 1948-06-16 0800 3 0.57 3 0.41 0.19 211

13 1948-06-18 12:.00 3 0.9 3 0.49 0.30333 57

14 1948-0B6-18 15:00 4 1.07 4 0.39 02675 18

13 13948-08-20 00:00 1 0.47 1 0.47 0.47 B

16 1948-06-24 1700 2 0.67 2 0.38 0.335 113 j

The
time series is divided into events based on a specification of threshold and gap values. The event
threshold is a value and a conditional (above or below). An event begins when a value in the time series
crosses the threshold value into the event space. When a value in the time series crosses back over the
threshold, the event conditionally ends. If the time series has an additional value that is in the event
space before the time span specified by the gap ends, then the event continues. Otherwise, the event
ends at the conditional end. The results of the synoptic analysis are displayed in a table specified by the
Group By combo box.



.: Synoptic Analysis of OBSERVED

180700 PREC

File Edt Wiew Analysis Help

Ewvents  |Abowve
Allow Gaps of up to
Group By

Group Start Date

1 1046-05-02

2 1848-06-03 00:0f o
“zar

5 1946-05-04 23:0{One Group

4 1046-05-07 0400 3

5 1046-05-12 2300 7

B 1946-05-17 01:00 1

7 1946-05-26 11:00 1

3 1046-05-28 1500 5

5 1946-05-30 02:00 1

10 1946-05-30 19:00 4

11 1948-08-07 13:00 1

12 1946-06-16 08:00 3

13 1946-06-18 19:00 3

14 10460618 1500 4

15 1948-08-20 00:00 1

16 1946-06-24 17:.00 2

=

Hours

Start Mumber of Measurements

baxirnurm Intensity
bean Intensity
160 Total Wolume

0.48
1.36
0.2
0.1
0.5
0.4
1.17
0.49
0.57
0.8
1.07
0.47
0.67

M — B L) L) — g = T = = =]

88.3% of volume in 4833 events

Mz bean bean
infhr infhr Hours
014 0149

0.53 0.30333 &
0.36 0.2 45
0.18 015 48
0.34 019429 137
0.2 0.2 a2
0.1 0.1 226
0.2 0.1 TE
0.4 0.4 7
0.47 0.2925 17
0.44 0.449 183
0.41 014 211
0.44 0.30333 &7
0.38 0.2675 15
0.47 0.47 &
0.38 0.335 113

LI during an event

=]

(=]

on Intensity Intensity  Time Since Last 3

-

Event report provides details about each event. The Number of Measurements report summarizes

The

events based on their duration. In the following figure, the first data row shows that there are 5 events
with a duration greater than 30 hours. The additional columns provide details about these 5 events.

:_ Synoptic Analysis of OBSERVED M180700 PREC

Fle Edit View Analysis Help

Events  |Above x| |1 88.3% of volume in 4833 events

Allow Gaps of up to IE

Group By

Max Sum

in in
30 ] 3.7 12.8
20 36 9.35 96.689
15 a8 5.2052 99.305
10 2268 5 283.17
75 an 4.58 285.01
5 343 351 254.58
4 277 4.2 164.88
3 281 2.8 156.34
2 358 3.4785 177.47

1.5 524 2.8 225.47

IHuurs

Yolume  Yolume
Mean  Cumulstive
in in

2.56 128
2.B6858 109.48
1.7122 2088
1.2972 501.97
0.91644 766.98
0.74221 1,041.6
0.59517 1,206.5
0.53725 1,382.8
0.49572 1,540.3
0.43023 1,785.8

LI during an event

Duration Duration Duration Duration

Max

Sum
Hours
167
855
1,009
2,832
2,768
2,202
1,385
1,164
1,074
1,048

Mean
Hours
334
2375
17.397
12.531
6.9003
6.4188
El

[SIISRFS

Hours
2.7928
2.5453
1.2131
1.3667
0.82674
0.49425
0

0

MaN

0

Intensity Intensity  Intensity
Standard Deviation Max

infhr

Mean
infhr
0.076647
0.11309
0.098419
0.10352
0.10297
0.11561
0.11803
0.13431
016524
021514

Standard Deviation hax

in/hr
0.076004
0.12846
012232
0.12843
0.128907
0.15316
0.16264
0.16824
0.20531
0.22165

=1ol %]

Time Since Last Time Since Last Time Since Last

Hours

337
789
412
786
7ad
834
798
752
776
803

Mean
Hours
11582
113.67
93.672
96.08
105.78
110.44
99.433
103.93
105.62
108.42

Wariance
Hours
BEB.4
745.12
278.683
420.98
621.98
B32.5
648.91
663.81
76B.82
590.78

The Maximum Intensity report groups and summarizes events based on their largest single value. In
the following figure, the first data row shows that there are 2 events with a maximum values greater

than 4.




d Synoptic Analysis of ’BSERVED

Fle Edit View Analysis

Help

Ewents |Above > |1 88.3% of volume in 4833 events

Allow Gaps of upta

Group By

Group Events Wolume Volume
hax
n

4 2 4.735

2 9 4.2

15 10 4.58

1 52 5.2052

05 197 5.7741
04 343 5.1
0.3 404 3.4
0.2 gz8 2.5
015 182 1.22
01 2708 1.8

IE

IHDurs

Valume
Mean

n
4.424
3.0464
2613
1.8481
1.5385
1.2357
0.93866
0.78805
0.53698
031146
0.17356

Yaolume
Cumulative
in
B8.848
36.266
B2 356
163.7
298.09
542 62
BE4.48
118248
1627.5
1,687.3
2,157.3

LI during an event

Duration Duration Duration

Max
Hours

Sum
Hours
2

37

43
244
408
983
1,863
2,30
4,237
470
6,312

Mean
Hours
1
41111
4.3
4.6923
4.6136
5.0406
5.4315
5.6955
51171
2.4479
2.3309

Duration Intensity  Intensity
Standard Deviation Max Mean
Hours infhr infhr

a 4.735 4.424
2.1473 27 0.74102
3.5606 1.8 0.60767
4.4613 1.5 041517
4.4345 1 0.33347
5.2273 075 0.24515
5.3147 0.5 017282
5.350B 0.395 0.13836
4.7858 0298  0.10484
1.8218 0.19465 0.12723
2.7074

Intensity
Standard Deviation
infhr
0.4338
0.96269
0.70288
0.46764
0.33583
0.22728
0.1581
011072
0.077147
0.0487

0146 0074483 0.044871

~lolx|

Time Since Last Time Since Last Time Since Last

hax
Hours
48
367
266
752
go0a
782
786
803
1,029
10,281
1,439

Mean
Hours
32
163.33
a7
968.558
114.1
100.35
103.2
108.44
104.45
193.45
93,968

WVariance
Hours
16.333
74718
406.44
788.69
649.83
634.53
576.18
BE7.B5
687.81
23,084
5895.73

The Mean Intensity report groups and summarizes events based on the event mean value. In the

following figure, the first row shows that there are 2 events with event mean values greater than 4.

Flle Edit View Anabysis

Help

Ewents |Ahove | |1 88.3% of volume in 4833 events

Allow Gaps of up t

Group By

Group Ewvents Wolume ‘Volume
hax
in

4 2 4.735

15 3 1.8

1 20 3.4785

0.4 137 9.35
0.3 192 5.2082
0.2z 4491 5.7781
015 403 5.4

01 2571 33
0.073 284 3.7
005 478 2.4
004 110 11
003 25 0.7

IE

IHDurs

Vaolume
Mean

“Wolume
Cumulative
in
§.848
13.948
46.37
§92.886
168.24
273.02
43262
757.75
1,036
1,691.2
1,801.7
2,113
2,148.3
2,157.3

LI during an event

Duration Duration Duration

Sum
Hours
2

3

27

43
144
248
458
1,412
1,647
5,833
2,496
3,513
832

Mean
Hours
1

1

1.35
1.4333
1.8947
1.8102
2.3854
2.8758
4.0868
2.2688
§.4898
7.334
75636
o

Duration Intensity  Intensity
Standard Deviation Max Mean
Hours infhr infhr

i] 4736 4424

a 1.8 17
0.67082 27 1.2008
0.85836 2.3 0.84944
1.5368 2B 0.59958
2.0635 2.0465 0.44287
2.3944 2.1 0.33536
3.0288 1.4 0.23026
3.8085 15 016835
2.9782 049 011232
5.6228 06 0.084342
4.68709 03 0.060141
3.6158 0z 0.042428
3.1754 0.1 0.036

Intensity
Standard Deviation
inthr
0.4398
01
0.73865
0.3859
0.39717
0.269
0.28322
0.17381
0.13321
0.077204
0.072804
0.057733
0.048937
0.048098

=10l

Time Since Last Time Since Last Time Since Last

hax
Hours
4B

31
455
451
782
757
684
1,028
10,281
1,439
834
789
412
789

Mean
Hours
32

23
125.2
114.7
114.58
97.015
116.31
108.12
144.28
94985
97.027
97.714
84,655
148.04

Variance
Hours
1B8.333
4.66B7
818.61
580.53
7B0.65
B08.51
639.67
g18.22
11,468
B07.B2
477.87
489.88
348.15
1,809.6

The Total Volume report groups and summarizes events based on the event total volume.

05

Flle Edit View Analysis

Help

- Synoptic Analysis of ®BSERVED MD180700 PREC

Ewents |Ahove | |1 88.3% of volume in 4833 events

Allow Gaps of up t

Group By
Group Ewvents Wolume
hax
in
75 1 9.35
E 5 5.7791
4 11 4.735
3 13 4
2 81 2.9895
15 137 2
1 318 1.5
075 292 1

IE

Volume

IHDurs

Vaolume
Mean

in

9.35
5.2969
4.3484
3.4053
23625
1.6844
1.1807
085816
059283
0.42091
0anre
021148
016773
0.10185

“Wolume
Cumulative
in

9.35
35.834
83.672
134.76
326.12
556.88
931.97
1,182.8
1,626.6
1,669.7
1,814.1
1,855.4
1,870.2
2,157.3

LI during an event

Duration Duration Duration

Max
Hours
22
28
21
38
34
31
25
20
19
13
il

g

1

1

Sum
Hours
22
115
123
206
1,137
1,438
2,560
1,775
3,232
1,295
1,555
1,525
88
1,837

Mean
Hours
22

23
11.182
13.733
14.037
10,496
g.127
6.0788
5.65724
3.8088
3.3585
2.2829
1

1

Duration Intensity  Intensity
Standard Deviation Max Mean
Hours infhr infhr
MNaM 081 0.425
6.8557 1.4345 0.2303
7.2363 4735 0.38693
8.7783 26 0.248
7.898 27 0.1683
5.7255 1.8 0.16048
4.5627 14546 0.14652
4.0347 1 014134
3.3242 073 0.10639
25914 05 0.11051
2.0188 0.39394 0.092831
1.2532 0296  0.092633
i] 0.1806 016773
a 0.142 0.10185

Intensity
Standard Deviation
infhr
0.223
0.22584
0.63583
0.36924
0.24796
0.21094
0.17614
0.16826
011278
01172
0.084821
0.068313
0.015088
0.0068282

Tirme Since Last Time Since Last

hax
Hours
13
277
236
367
483
786
EE]
623
834
738
EE]
1,028
10,281
1,439

Mean
Hours
113
137.8
95.545
a7.2
103.07
106.68
112.48
104.07
113.33
94728
97,685
105.13
248.41
91.174

=10l

Time Since Last
Variance
Hours
MNaM
BB2.53
248.37
ag98.42
436.83
81531
6B6.6
611.22
714.27
530.94
566.02
650.83
48,580
B613.29




The Month report groups and summarizes events based on the month when they began.

P

Help

Bynoptic Analysis of OBSERVED MD180700 PREC
Flle Edit View Analysis

Ewents |Ahove | |1 88.3% of volume in 4833 events

Allow Gaps of up t

Group By

IE

IHDurs

LI during an event

Group Ewvents Wolume ‘Volume

348
356
431
424
513
457
430
425
376
2495
331
376

Vaolume
Mean

in
0.34151
0.35228
043974
0.34744
0.40367
042702
051811
0.52837
0.55021
057544
0.50424
041188

“Wolume
Cumulative
in
136.26
261.67
451.2
596.52
805.6
1,000.7
1,233.8
1,458.8
1,665.7
1,835.5
2,002.4
2,157.3

Duration Duration Duration

Max Sum

Hours  Hours
25 1,580
31 1,374
28 1,794
21 1,447
32 1,601
20 1,109
28 1,086
28 1,145
28 1,299
28 1,342
38 1,534
34 1,592

Mean

Hours
3.9589
3.68596
4.174

3.4127
31209
2. 4267
24133
2.6941
3.4548
45492
4.6344
4.234

Duration
Standard Deviation
Hours
4.2324
4.2036
4.9151
3.6646
3.7434
2.492
2.6483
3.1624
3.9663
4.9319
4.842
4.7456

Intensity  Intensity

hax
infhr
0.683701

Mean
infhr

Intensity
Standard Deviation
infhr

0.086242 0.07604
0.091275 0.074391

0.10333
010181
012335
017597
0.214649
0.19644
015328
0.12649
0.10ag

0.13473
0.084385
0.14278
0.21181
0.31908
0.25074
0.18358
0.12968
0.110a4

0.087276 0.083577

=10l

Time Since Last Time Since Last Time Since Last

hax
Hours
1,439
817
623
580
788
10,291
640
715
1,028
747
413
745

Mean Variance
Hours Hours
103.52 778.35
107.47 716.97
98,907 556.72
§7.058 433.82
a1.261 487.19
109.88 9,910.5
90.782 474.74
91.327 485.37
111.57 881.77
131.8 q04.11
131.36 1,009.1
104.37 559.11

The Year report groups and summarizes events based on the year when they began.

Syno|

Analysis of OBSERVELD
File Edit ‘wiew Analysis

Help

180700 PREC

Events  |[Above ¥ | |1 88 3% of volume in 4833 events

Allow Gaps of up to

Group By

Group Events Yolume

1848
1944
1850
1851
1452
1853
1854
1455
1956
1837
1458
1959
1960
1961
1962
1963
1984
1965

52
52
62
53
[2E]
61
47
42
54
44
87
55
52
53
41
47
75
a1

Manc
in
2.862
1.84
4.58
2.37
438
2.258
1.8
4.35
2.15
21
4.5603

Duration Duration Duration Duration

Mean
Hours
3.1154
2.5385
21774
2.6038
3.1014
2.6721
2.3404
3.0238
2.5926
2.6618
2.5821
2.2182
2.5385
2.3051
3.0732
4.8723
4.0933

|3 |Huurs LI during an event
IYEBJ LI
Yolume “Yolume Yolume

Sum Mean Cumulative  Max Sum
in in in Hours  Hours
29.098 0.57486 28.896 13 162
22,282 042869 5219 7 132
8057 049306 8278 11 135
28,306 0.53408 111.07 7 138
32.98 047797 144.05 14 214
29.819 048047 173.97 10 163
21.512 04577 185.48 10 110
30,739 073189 226.22 22 127
25341 046928 251.56 a 140
22,389 050906 273.96 13 118
39.134 053409 313.09 21 173
23.882 043422 336.97 B 12z
28.069 0.53979 365.04 13 132
24757 041961 388.8 12 136
20.879 051167 410.78 13 126
31.815 0.67681 442.6 a8 2249
31.454 041939 474.05 19 307
28.542 035237 502.59 14 270

3.3333

Standard Devwiatian
Hours
27272
1.852
1.9961
1.8845
3.2501
2.3855
1.833
3.7968
1.9668
2.7346
2.924
15118
2.6823
2.4015
2. 7963
6.4528
4.0242
3.7318

Intensity  Intensity

Max
infhr
0.73
0.85
1.82
177
18
0.87
1.2
1.45
2.05
0.728
4113
0.87
0.938
0.74
0.728
1.343

1.8

Mean
infhr
0.18456
0.16888
0.22644
0.20512
0.15411
0.18355
0.19556
0.24204
0.18101
018882
0.22621
0.19575
0.21264
0.18204
0.1665
0.13843
0.10248
0.10571

Intensity
Standard Deviation
infhr
0.13437
0.15016
0.22796
0.23043
0.17351
0.15621
0.20073
0.23451
0.18805
0.15574
0.34835
0.16217
0.17841
0.12577
0.12892
0.16756
0.080077
0.13481

=10l %]

Time Since Last Time Since Last Time Since Last = =

e
Hours
485
778
830
G623
834
817
752
817
1,439
79z
735
6a3
g10
707
1,029
789
852
384

Mean Wariance
Hours Hours
108.35 522.78
1B5.44 1,194.8
141.02 1,240.2
158.94 1,202.3
125.28 864.7
139.18 704.93
193.19 1,459.5
178.38 1,680.4
180 2,417
198.07 1,377
130.34 10195
157.73 1,259.3
167.73 1,399.6
142.47 841.26
218.37 2,297.4
1767 1,294.1
117.04 1,280.8
105.17 401.91 =l

The One Group report provides summary information about all events.

Synoptic Analysis of OBSERVE
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Events  |Above x| |1 88.3% of volume in 4833 events
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Group By

3

IHDurs

during an event

Group Events Valurme Yolume Yolume Vaolume

All

4833

M
in
9.35

Sum
in

Mean
n

Cumulative
in

2,157.3 0.44836 2,157.3

Duration Duration Duration Duration

hax Sum
Hours  Hours
38 16,308

Mean
Hours
3.4984

Intensity Intensity Intensity
Standard Deviation Max

Standard Deviation hax

Hours
4.041

infhr
4.735

Mean
inthr

infhr

0127538 018388

=lolx|

Time Since Last Time Since Last Time Since Last

Hours
10,291

Mean ariance
Hours Hours
102.35 1,524.5

Reclassify Land Use




The BASINS Land Use Reclassification tool is used to group detailed land use classes, based on their code
and name, into broad categories. Conversely, it can also break out a single land use category into
multiple categories (e.g., create High-density and Low-density from a single Residential category or
create Corn and Soybeans from a single Cropland category) based on user-defined fractions. The land
use reclassification tool produces a DBF table that can be used later to define land use categories and
qguantify pervious and impervious drainage areas in support of nonpoint source modeling.
Reclassification of land use is often required to update existing land use data files, to regroup land use
types, or to evaluate water quality impacts or management alternatives based on changes to land use
over time. For example, changes in water quality due to urbanization can be accounted for by
converting agricultural or forested land that is likely to be developed into an urban land classification. In
addition, land use classes that have similar characteristics can be grouped into a single classification to
simplify modeling. This tool may be used with any boundary polygon layer, but most often is used after
watershed delineation and before setting up a watershed model. The land use layer to reclassify should
already be downloaded and available on the map. Key Procedures

e Select Reclassify Land Use from the Plug-ins:Analysis submenu.

e Select Analysis:Reclassify Land Use from the main menu, and the BASINS Land Use Reclassification
:__ BASINS LandUse Reclassification - 10| x|

el L |USGS GIRAS Shapefile |

Summarize within Layer: IEataIuging Unit Boundaries j
1D Field: Im]’ 1D j

Name Fiekd T |

Mext |

Cancel

form will pop up.

o Select the land use layer from the top pull-down listbox and the boundary layer from the Summarize
within Layer listbox beneath. Once the boundary layer is selected, the ID Field and Name Field
listboxes are populated with the names of all fields from the DBF for that layer; select the
appropriate ID and Name fields. When the appropriate selections have been made click the Next



button, and, after calculating the area distribution, the following table will appear.
h' BASINS LandUse Reclassification 10| x|

& Nomal " Advanced
GIRAS classes within layer Cataloging Unit Boundaries (grouped by giras dbif)

Code | Description Area Percent | Group | Impervious% =

0 FESIDENTALIN FAZI = o i Lo
200 COMMERCIALAND SERVICES M BESIN = o it up Lo
0 USRI SN = o it Lo
A RANSICOMAUTIENN DTN = o it Lo
5000 INBUSTSCOMMERCENFOEIN DEMN o i Lo
6000 D UREAGRBULEUPRMN DS :=n o i Lo
00 GHERURBAN ORBUILTUIN DS =n o it Lo
21| CHOPUAND AND PASTURE N B i v

2400 GTHERAGRICULTURALLAND M DS .. Lo
4 DECDUOUSFORESTLAND 538 = wilu:
©  EERGRENFORESTLWD 031 Eresior
31 MDED FORESTLAND | 308 10 e Lo

load | _Save |

OPTIONAL An existing land use grouping scheme can be loaded from a DBF file by clicking on the
Load button. Also, the current scheme can be saved to a DBF file for later recall by clicking the Save
button. The default scheme is kept in the ‘BASINS\etc\giras.dbf’ file for the USGS GIRAS land use
data, and the ‘nlcd.dbf’ file for the NLCD data.

For the Normal reclassification procedure, the Group and Impervious% columns are edited to
combine multiple categories into a single category with the desired distribution of
pervious/impervious area.

There are an additional two columns for the Advanced reclassification procedure, Multiplier and
Subbasin. These columns are used for breaking out a single land use category into multiple
categories (e.g., creating High Density and Low Density from a single Residential category). There
are also two buttons added to the form, Add and Delete, which perform the indicated function to
whichever row is selected. To break a single category into two, click any cell on the row of that
category, click Add, then fill in the Group, Impervious%, Multiplier and Subbasin cells for those two
rows (the sum of the Multipliers should equal 1.0). The following BASINS Land Use Reclassification
form will result in the Residential category from the GIRAS land use layer being divided into 85% low
density (with 70% pervious and 30% impervious area) and 15% high density (with 40% pervious and



60% impervious area).

ASINS LandUse Reclassification 10| x|

" Nomal % Advanced
GIRAS classes within layer Cataloging Unit Boundaries (grouped by giras dbif)

Code | Description Area Percent | Group | Impervious . | Multiplier | Subbasin =
1 <all=

T RESIDENTIAR N SN Urban or Built-up Land 30 s <an>

T RESIDENTIAEN SN Urban or Built-up Land 60 015 |<all>

12 [COMMERCIALAND'SERVICES " 2480 irban or Built-up Land 50 1 call>

A2 INCUSTRIAT N SN Urban or Built-up Land 50 1 <all>

T TRANSICOMIMUTIDNN BN Urban or Built-up Land 50 1 <all>

150 INBUSTECOMMERE CIMPEENN BERNN Urban or Built-up Land 50 1 all>

A6 XD UREAN ORBUICT IR BHENN Urban or Built-up Land 50 1 call>

10 GTHERURBANGRBUIETUPNN BEEN Urban or Built-up Land 50 1 <all>

S CRORANDMDFISTURERN B »-c.ro o 0 1

2200 OHCHGROWANEONURSORN DI o cors o 0 1 >

300 CONFINED FEEDNGOFS MBS s covro o © 1l

B0 OTHERAGHCUETURNDNN OO oo o © 1 ol —

6000 DECOUOUSFORESTLMDRMM BB === vc 0 1 <>

0 EERGRENFORES TN OS] -~ s 0 1

N MOEDFORES TN SO -~ s 0 1 <

S RN CAUS I S s 0 1 b

N S OO <=5 0 1 ol ]

load |  Save | Close | add | Delete |

The Subbasin column is used to specify the subbasin(s) to which the Impervious% and Multiplier
should apply. For instance, a user might wish to specify that for a certain subbasin the Impervious%
is higher than for others. This might be the case where the user might know that a given subbasin is
densely developed and thus more impervious than the nearby less urbanized subbasins. The default
value for the Subbasin is ‘all’, which indicates that the values on a given row will apply within all
subbasins. If within a given land use type one row has a subbasin specified and others are set to
‘all’, the values corresponding to ‘all’ will apply to all values except the one row with a subbasin
specified. Only one subbasin (or ‘all’) may be specified in the subbasin field on a given row.



e Click the Save button to save the current land use aggregation/division scheme to a DBF file.
Save jh: I = landuse j ] 5§ B

| |_baltmd.dbF
| I_washdc.dbf
E ovetlay dbf

Deszkto o}

4

My Documents

File name: IHegrDuped_LLl j Save I
Saveastype:  |DBF files [*.dbf) = Cancel |
Z

Watershed Characterization Reports

The BASINS system includes tools designed to assist in summarizing key watershed information in a
format suitable for preparing watershed characterization reports. These tools produce tables that
inventory and characterize both point and nonpoint sources at the watershed and subwatershed scales.
Watershed characterization is key to understanding water quality issues and pollution sources in the
watershed. In addition to evaluation of the watershed condition, it provides the necessary information
to assess monitoring programs, identify data gaps, and develop watershed-water quality modeling
strategies. In order to access the Watershed Characterization Reports, first activate plug-in via Plug-
ins:Analysis on the main BASINS window.
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This activates a Watershed Characterization Repo_rts_ bptioh under the Analysis menu, which opens the

following screen:
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BASINS 4 provides users the capability to generate several different types of watershed characterization

reports, each in tabular form:

.
e 2000 Population and Census T
e lLanduse Distribution Table

e Permitted Point Source Faciliti
.

ract Table

es Table

1990 Population and Sewerage by Census Tract

Point Source Discharge Concentration and Loading Table

Other user-defined reports can be added by creating scripts and inserting them into the
“\BASINS\etc\Reports’ folder. Any VB.NET script residing in this folder will be added to the list of
available reports viewed from the Reports menu. The tables generated by these tools are displayed both
on the screen in their own window and written to a tab-delimited text file in the “\BASINS\Reports\’



directory. These text files can be directly imported into any standard spreadsheet or word processor for
further formatting and incorporation into other watershed characterization reports.

1990 Population and Sewerage by Census Tract

The 1990 Population and Sewerage by Census Tract summarizes the selected area by census tract ID.
For each census tract, the report lists the population, number of housing units, type of residential sewer
system, and spatial percentage of that tract located within the subject watershed area. The BASINS
Census GIS layers, which are available via File:Data Download menu selection, are the data source for
this report. The information generated for this report is summarized in tabular form in a pop-up
window (see below) and in an output text file.

":__ Watershed Characterization Report = |EI |i|

1950 Population and Sewerage by Census Tract Table
Areall AreaMame  TractlD Population Houselnits SewerPublic SewerSeptic SewerUOther %indrea ﬂ

1 FATUXENT 7520  BH0G 2162 a13 1584 B5 1.0

1 FATUXENT B040 3748 2883 4 2824 a7 J7.B
1 FATUXENT &030 7582 2551 48 2453 a0 B3.0
1 FATUXENT 700258 Z054 734 23 BEB 23 25.4
1 FATUXENT BOYOD 0 a 1] 1] 1] 100.0
1 FATLXENT G021 3885 1463 4953 470 0 5.7

1 FATUXENT 700202 B127 2201 1505 650 16 32.4
1 FATUXENT 6022  B151 2206 2106 130 0 84.4
1 FATUXENT 700103 2342 87z 16 446 10 778
1 FATUXENT B023071 15482 5304 4861 343 0 84.68
1 EATI =FMT RO%A Siatar! 1407 1253 114 n 2R j

The 1990 Population and Sewerage by Census Tract can be used to examine specific areas for
population density and the prevalence of septic systems, which can be significant sources of pathogens,
household chemicals, and nutrients (especially nitrate) escaping into groundwater and nearby receiving
water bodies.

2000 Population and Census Tract Table

The 2000 Population and Census Tract Table summarizes population in the selected area by census
tract ID, and it also lists the spatial percentage of each tract that lies within the subject watershed area.
The BASINS Census layers, which are available via File:Data Download menu selection, are the data
source for this report. The information generated for this report is summarized in tabular form in a pop-



up window (see below) and in an output text file.

1 Watershed Characterizatic - |I:I |i|
2000 Population by Census Tract Table

Areall AreaMName TractlD Fopulation %ginArea ﬂ
T FATLEMT 7520 103592 1.0

1 FATLXENT B04001 5838 647

1 FATUXENT BO3D 10645 Bz d

T FATLXENT BO4002 5835 859.5

1 FATLXENT 700204 13948 29.7

1 FATUXENT BOZ21 G758 B.B

T FATLXENT 700202 B777 d2.0

1 FATLXENT BOZ2Z 7970 84 4

1 FATUXENT 700103 43530 78.5

T FATLXENT BOZ2303 387H 100.0 j
1 AT IWERIT (EOE FERR N

The 2000 Population and Census Tract Table can be used to examine specific areas for population
density. Comparing this report to the 1990 population by census tract can help identify growth trends in
particular areas.

Landuse Distribution Table

The Landuse Distribution Table provides a summary of landuse distribution within the selected
watershed(s). There are two primary landuse layers available for download through the BASINS system:
the USGS Geographic Information Retrieval and Analysis System (GIRAS), which uses the Anderson Level
Il classification, and the 1992 National Land Cover Dataset. The GIRAS and 1992 NLCD GIS landuse
layers, which are available via File:Data Download menu selection, are the data source for this report.
The information generated in this report is summarized in tabular form in a pop-up window (see below)



and in an output text file.

1 Watershed Characterizat - |I:I |i|
GIRAS Landuse Table in Acres
1
FATLXENT
<Mo Data= a4
Agricultural Land 203560
Barren Land 11754
Forest Land 218070
Urban or Built-up Land 110238
WetlandsMWater 462205

The Landuse Distribution Report can be used to examine the various land uses in the study area (by
subwatershed) to assist in developing a modeling strategy such as the selection of nonpoint source
segments (subwatershed) and the land use classes to be represented in the nonpoint source model. It
can also be used to assess the need for a nonpoint source monitoring program and to determine areas
where monitoring data are most useful for model parameterization and calibration.

Permitted Point Source Facilities Table

The Permitted Point Source Facilities Table provides a summary of discharge facilities in a given
watershed. The report relies on the EPA Permit Compliance System (PCS) database to identify permitted
facilities in the selected study area. The Permit Compliance System GIS layer, which one of the BASINS
core layers downloaded as BASINS project is built, is the data source for this report. The information
generated for this report is summarized in tabular form in a pop-up window (see below) and in an
output text file.

1 Watershed Characterization Report o] x|

Permitted Point Source Facilities Table

ArealD AreaMName NPDES Facility Mame S SIC Mame City -
1 PATUXENT MDOOOD469 MARNYLAND & WIRGINIA MILK PRO. 2023 COMNDENSED AND EVAPORATED MILK LAUREL

1 FATUXENT MDO0O01155 GEMNERAL ELECTRIC AFF FARKEAST 3631 HOUSEHOLD COOKING EQUIFMENT COLUNMBIS
1 PATUXENT MDO0O0ZE58 PEPCO CHALK POINT GEM. STATION 4311 ELECTRICAL SERVICES ACIUASCO
1 PATUXENT MDO003093 ACADEMY OF NATURAL SCIENCE 8733 NONCOMMERCIAL RESEARCH ORGANI BEMNEDICT
1 PATUXENT MDO0Z0150 PATIUX BIYV. NAVAL AIR STATION 9711 NATIONAL SECURITY PATLXEN
1 PATUXENT MDO0Z1628 CITY OF BOWIE W\WWTP 4352 SEWERAGE SYvSTEMS BOWIE

1 PATUXENT MDO0Z163Z PATUXENT WATER RECLAMATION FAC 4852 SEWERAGE SYSTEMS ANMNE ARL
1 PATUXENT MDO021717 FT GEORGE G. MEADE 3711 NATIONAL SECURITY FORT GEC
1 PATUXENT MDO0DZ1725 PARKWAY WAWTP 4952 SEWERAGE SYSTEMS LAUREL

1 PATUXENT MDO0Z1733 HORSEPEN BRANCH 4352 SEWERAGE SYvSTEMS BOWIE

4

-
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The Permitted Point Source Facilities Table is useful for identifying sources of pollutant loadings in a
given watershed. Potential applications of this report tool include rapid identification of point sources
and evaluation of their proximity to major streams. A summary of discharge concentrations and loading
associated with each facility is provided in the Point Source Discharge Concentration and Loading Table.

Point Source Discharge Concentration and Loading Table

The Point Source Discharge Concentration and Loading Table summarizes the annual flow rate,
concentration, and load for a range of reported pollutants. The PCS Discharge GIS layer, which is
available via File:Data Download menu selection, is the data source for this report. The information
generated for this report is summarized in tabular form in a pop-up window (see below) and in an

output text file.
f_ Watershed Characterization Report = |EI il

Point Source Discharge Concentration and Loading Table

ArealD Areabame NPDES Facility Name Parameter Year Flow (MGD) Awvg. Conc. (mgfl) Load (lbsder) ﬂ
1 PATUXENT MDOO00469 MARYLAND & VIRGINIA MILK PRO. OXYGEN, DISE0LYED (DO) 1880 015610 9.24000 4390.56000

1 PATUXENT MDOO0O04ES MARYLAND & VIRGINIA MILK PRO OxYGEN, DISSOLYED (DOy 1881 018480 8.28000 4873.30000

1 PATUXENT MDOO00469 MARYLAND & VIRGINIA MILK PRO. OXYGEN, DISE0LYED (DO) 1882 016840 8.03640 4096.86000

1 PATUXENT MDOOOD4EE MARYLAND & VIRGINIA MILK PRO. OXYGEN, DISE0LYED (DOy 1883 013320 8.24750 3520.71000

1 PATUXENT MDOO00469 MARYLAND & VIRGINIA MILK PRO. OXYGEN, DISE0LYED (DO) 1884 0.01820 7.54750 464.87000

1 PATUXENT MDOOOD4EE MARYLAND & VIRGINIA MILK PRO. ORYGEN, DIZE0OLYED (DOy 1885 0.00000 7.35500 0.56000

1 PATUXENT MDOO00469 MARYLAND & VIRGINIA MILK PRO. OxYGEN, DISE0OLYED (DQ) 1886 0.00000 8.302z20 0.00000

1 PATUXENT MDOOOD4ES MARYLAND & VIRGIMIA MILK PRO. OXYGEN, DISE0OLYED (DOy 1857 0.00000 B.52630 0.00000

1 PATUXENT MDOO0O046S MARYLAND & VIRGINIA MILK PRO OxYGEN, DISSOLYED (DOy 1888 0.01930 7.24630 472 356000

1 PATUXENT MDOOO04BY MARYLAND & VIRGINIA MILK PRO. OXYGEN, DISE0LYED (DO) 18849 011340 §.56620 3063.56000

1 PATUXENT MDOO0O046S MARYLAND & VIRGINIA MILK PRO BOD, 5-DAY (20 DEG. C) 1980 0.15610 7.01160 3147.67000

1 PATUXENT MDOOO04BY MARYLAND & VIRGINIA MILK PRO. BOD, 5-DAY (20 DEG. C) 1991 0.18460 11.48450 6220.17000

1 PATUXENT MDOO0O04ES MARYLAND & VIRGINIA MILK PRO BOD, 5-DAY (20 DEG. C) 1992 0.16640 12.06590 £174.13000

1 PATUXENT MDOO00469 MARYLAND & VIRGINIA MILK PRO. BOD, 5-DAY (20 DEG. C) 1993 0.13320 47.35250 2043845000 j

The summary of discharge concentrations and loads allows the user to perform a planning-level
assessment of the magnitude and severity of point source contributions. Analyzing the data for
different years can provide information to evaluate changes in contributions from various point sources
over time and support trend analysis.

Watershed Characterization System

The BASINS Watershed Characterization System can be used to select and generate several standard
reports designed to describe the physical characteristics of watersheds (subbasins) you have defined.
This feature is more customized version of the Watershed Characterization Reports. The following
reports are available:

e Water Bodies

e Population Estimates

e Housing and Sewage

e Soil Characteristics

e Landuse Characterization

e Permitted Point Sources



e Data Summary

All reports require that a subbasins layer be defined in advance. In addition, each report has its own
unique set of required layers (e.g., the Landuse Characterization report requires that a landuse grid or
shapefile be loaded and identified). All required layers can be easily downloaded using the built-in
BASINS download tool. Default layer and field names are automatically assigned the first time you use
WCS; settings are stored in a separate data file along with the BASINS project data files.

Getting Started

The user must first open or create a BASINS project, which is generally defined by an eight-digit HUC
somewhere in the U.S. Next, you must define one or more subbasins for which you want to perform a
detailed analysis. The subbasin layer is a closed polygon layer containing at least one field which
describes each subbasin’s name or ID. The BASINS Watershed Delineation tools may be used to create
the subbasins layer. The WCS plugin must then be loaded and activated (using the Analysis : Watershed
Characterization System (WCS) menu item), at which point the following form appears:

: Watershed Characterization System (WCS) ilil

General |Avai|ab|e Repors | Resultsl

The BASINS Watershed Characterization System can be used to select and generate several standard reports designed to
describe the physical characteristics of watersheds (subbasing) you have defined. Some reports utilize layers that are not
downloaded by default, requiring wou to use the BASINSG download utility to acquire them.

Default layer and field names are automatically assigned the first time yvou use WCS and settings are stored with the BASING
project.

Press F1 on each field for context sensitive help on each item.

Dutput Folder Narme: |C:\-,E|ASINS\data\UZUBUDUB\WCS\WCS Reports Erowse... |
Delete all previously generated reports
Subbasin Layer: IWatershed Shapefile (02060006demgw.shp) LI
Subbasin Name Field: |StreamLink -]
About Help Generate Close

A
Context-sensitive help is available for all fields on this form by moving to that field and then pressing F1
key. Alternatively, you can click the ‘?’ button in the upper right portion of the form, then click the




button, field, list or grid you want information about. You will see popup help like this:

evioush Report files are automatically
created and sequentially

numbered each fime you click
the Generate button. Click this
link ta delete all old report files

w.shp)

The General Tab

On the General tab, enter or browse to the folder where you wish generated reports to be saved. By
default, this folder is saved under the data folder associated with the BASINS project you are working
on. Every time you generate a report, a new, uniquely named output file is created. You can quickly
delete previously generated report files using the link on this tab. Next, select the shape file layer
containing the polygon(s) that define your subbasin(s). Note that the reports always analyze all
subbasins in the layer. You must also select the field which contains the subbasin name to be used in the
report. The BASINS watershed delineation routine by default just creates a field containing an integer
subbasin number; you may choose to add an additional field into which you enter a more descriptive
name and use it instead. When selecting layers, WCS knows the type of layer required (e.g., line
shapefile, polygon shapefile, or grid). Only layers of the appropriate type are available for selection in
the drop-down list. Once the layer is selected, the field name drop-down list is automatically populated
with the fields found in the attribute table associated with that layer. Furthermore, the expected field
names will be automatically selected if found. This scheme allows the WCS tool to work most easily with
the standard shape files distributed with BASINS yet still gives you the flexibility to use custom shape
files if you wish.

The Available Reports Tab

Use this tab to define which reports you want to generate, and what layers and fields are logically
associated with the required input information.



: Watershed Characterization System (WCS) ilil

General Awvailable Repors |Resu|ts|

Awailable Reports: upulatiunl Sewagel Soils | Landusel FCS I Data I
: Eeach File L : Feach File. %1 -
[ Population Estimates S s ey I _I
[ Housing and Sewage 303d Layer; |303d List-Lines LI
Il Soil Characteristics
[ Landuse Classification Field Names
[ Permitted Foint Sources
vl Data Summary Feach File Stream Mame: IPNAME LI
303d Water Body Name: IWEIODY_NAME LI
303d Impairment: IEPA_IMPAIR LI
All | MNone |
About | Help | Generate Close
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As you select each report in the list on the left, the tab associated with that report is displayed on the
right. You can run the reports individually or select several so that the reports are all generated at once.
Each report has its own unique set of layers needed to run, and you usually need to download additional
layers than those automatically compiled for you when you create the BASINS project. For example, in
the above figure the “Reach File, V1” layer was initially provided when the project was set up, but the
303d shapefile had to be downloaded separately using the BASINS download tool. The purpose and
contents of the individual reports is self-explanatory, however a few comments are in order:

o WHCS expects the user to select reasonable layers and fields. If a transportation layer is selected for
reach layer, it may be possible for the report to be generated without error, but the results would
obviously be invalid.

e Empty portions of a report usually indicate that no such features were found in any of the subbasins
you’ve defined. For example, there may be no 303d waterbodies located in your subbasins, so there
will be no entries in that report table.

e The Population Estimates report is intended to characterize changes in population over time, so it is
expected that two distinct census periods will be selected, and each attribute table will have
identical fields and matching shapes. Census results by census tract may violate this requirement if
tracts are created or eliminated from one census to the next. If this occurs within any of your
subbasins, an error message will be shown.

e The Soil Characteristics report relies on a polygon shapefile and single soil ID field. Soil
characteristics are obtained by linking the value found in the soil ID field with the data found in the



file SoilNames.txt. This is a tab-delimited text file containing Soil ID, Soil Name, and Soil Group
columns located in the plug-ins folder for WCS. You can edit this file using a text editor or
spreadsheet to add soil characteristics for your state or region.

e lLanduse data can be taken from one of five different sources: USGS GIRAS shapefiles, NLCD grids

(1992 or 2001), User shapefile, or User grid. Like soils information, the shapefile or grid contains a

single field or value defining a landuse ID; the ID is related to landuse characteristics using a tab-

delimited text file found in the WCS plug-in folder called LandUses.txt. This file stores IDs and names

for all five types of landuse data sources and can be edited using a text editor or spreadsheet
program.

e Data reports are intended to summarize time series data previously acquired using the BASINS
Download tool; all data sources will automatically be listed in the form.

e Note that most lists in the WCS form (e.g., layer lists) are populated when the form is first opened; if

you add layers while WCS is open, it may be necessary to close then reopen the form to refresh it

The Results Tab

Each report is generated into an HTML-formatted file which is displayed on the Results tab. HTML
reports are ideal for creating web pages or interpretation by word processing and spreadsheet
programs. They automatically resize the columns to fit the available width of the printed or displayed
page.

: Watershed Characterization System (WCS) ilil

General I Availahle Reports  Results |

FY
BASINS Watershed Characterization System
Soil Characteristics by STATSGO Soil Map Units
Subbasin i i Hyd. Soil Portion of
Group Watershed (%)
1 MDO04 762.7 36.58
1 MDO0G 1322.5 63.42
1 Totals 2085.2 100.00
2 MDOO1 470.9 264 L
2 MDO04 1460.2 819
2 MDO07 5397.8 30.28
2 MDO0& 10499.9 58.89
2 Totals 17626.8 100.00
3 MDOO1 1172.2 13.07
3 MDO002 869.4 9.69
3 MDO04 1025.0 11.43 A
Copy | RapmiZ htm (Click Ganarate bulton 1o refrash rasuls) Prewiew. .. | Brint... |

About | Help | Generate | Close
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The report can be copied to the clipboard, printed, or used directly. Each time a report is generated, a




new HTML file is created and given a unique name. You can delete all previously generated reports using
a link provided on the General tab.

Projection Parameters

The Projection Parameters utility allows the user to determine what projection the current BASINS
MapWindow project is in. To activate this option, click on Lookup tables from the Plug-ins:Analysis

menu option on the main BASINS menu. Then, click on the Analysis menu option on the main BASINS
menu, and select Projection Parameters.
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a Projection Parameters

[ '! STORET Homepage

% 'I Standard Industrial Classification Codes
[ '! Water Quality Criteria 304a

[ '! Watershed Characterization System (WCS)

ISGS Surface Water Statistics (SWSTAT)
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The Analysis:Projection Parameters menu item simply displays the fundamental parameter data for the



GIS projection selected for the active project.

=|of x|

o Projection Parameters

pra)

+proj=utm
+zone=16
+ellps=GR580
+lon_0=-87
+lat_0=0
+k=0.9535
+x_[=500000.0
+y 0=0

end

The data cannot be edited, but rather the GIS layers must be reprojected. For new spatial data to be
displayed in the same map extent as the existing data, the map projection parameters specified in the
lookup table should be used during reprojection. (For information about modifying projections during
project creation, see Projections)

Codes and Criteria

For additional support in watershed analysis, the four Analysis:Lookup Tables options provide users
quick and easy access to important reference information including the STORET homepage, Standard
Industrial Classification (SIC) codes, and water quality criteria and threshold values for both priority and
non-priority pollutants. To access these features, select Lookup Tables from the Plug-ins:Analysis menu
option on the main BASINS menu.
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Once Lookup Tables has been activated, the following four menu options are available:

File aMudels aCnmpute Iu_' Analysis | Layer View  Bookmarks  Plug-ns W

: | 'ﬁ } ! = & ¥ DataTree
© New Open Save Print Setﬁngliu_' DFLOW Lery
+ op (= M Climate Assessment Tool
: Fe ’ .
' Pan | In | Out Extent Selectsd|ig¥ List Co
Legend B {g¥ Graph [
Layers |Tnnll:mx| ¥ watershed Characterization Reports

m! Synoptic

hx! Seasonal Attributes

m! Redassify Land Lise

m! Projection Parameters

w4 STORET Homepage

WM  standard Industrial Classification Codes

oM water Quality Criteria 304a

m! Watershed Characterization System (WCS)

: USG5 Surface Water Statistics (SWSTAT) 3




e STORET Homepage: A link to the Water Quality Data (WQX) homepage, the successor of STORET for
further investigation into the EPA monitoring data.

LEARN THE ISSUES  SCIENCE & TECHMOLOGY LAWS & REGULATIONS ABOUT EPA
STORET /WQOX: Home EACamact Us @ Share

A-Z Index

You are here: EP& Horme = Water = Wetlands, Oceans, & Warersheds = Monitoring and Assessing Water Quality

STORET Home » ETORET * Home

About 5STORET ] WX

Welcome to STORET and WQX, EPA's repository and framework for
sharing water monitoring data.

Dara download

Online Tutorials
The STORET (shon for STOrage and RETriewal) Data Warehouse is a repoditony for water quality, bislogical, and physical

data and is used by state environmental agencies, EPA and other federal agencies, universities, private citizens, and
Useful Internet Links many others, Take a minute to browse around gur site or click on the water drop to retrieve monitoring datat

Data Submattal

Support

Tools/ Web Services m

Fregquent Cuesiions
Download Dara
Helpdesk

Sitemap Watershed Summary

WOX and WOX Web

Fact Sheets

e Standard Industrial Classification (SIC) Codes: Pull-down menu for lookup SIC codes based on
alphabetic listing of their equivalent names. Can be used as a reference to identify the industrial



classification of a point source discharger.

A http: / /www .epa.gov /enviro /html /sic_lkup2.html - Microsoft Internet Explo — o] x|
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Links €] AQUA TERRA ConsUitants €] ATC Wiki €] Mapwindow GIS €] BASINS US EPA

[~

Standard Industrial Classification (SIC) Code Lookup

Tse the pull-down menu to seroll to the appropriate code or search for a 3IC by typing the first letter
of the name, then press the Select button. Press the Cancel button to close this window.

INO 5IC CODE SELECTED

Select | Cancel |

-
1| | »

|@ Done |_|_|_|_|_|Q Internet 4




e Water Quality Criteria 304a: Provides information on numerous water topics relative to the Clean
Water Act and the Safe Drinking Water Act.
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Water Topics
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£ : EPA Water Division
drinking water unsafe, and threaten the waters where we swim and fish. EPA research supports efforts

under the Clean Water Act and Safe Drinking Water Act.
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e Projection Parameters



Compute

The Compute menu item pops open a series of submenus that avail a wide range of time series utilities.
All computations produce a time series in the memory buffer, which can then be written to a WDM file
via the File:Save Data In menu option.

# BASINS 4.5 - 02060006
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As seen on the menu, when all available computation plug-ins are selected, there are 5 main categories
of time series computations:

Category

Description

Statistics

Calculates average annual flood and low-flow frequency analyses for
user-defined return periods. The following form will produce an annual
(each year running from October 1 - September 30) time series with the




Seasons

Events

average 7-day high flow over the course of each year.

;' - Specify Years and Seasons

=10 x|

—Year or Season Boundaries

Start ID:tn:nI:ner - 1

End ISeptemI:ner had 30

— Years to Include in Analysis
Start Year | 1985 Data Starts 1585/10/01 24:00

End Year | 1388 Data Ends 1385/04/30 24:00

Number of Days I 7 Ok

Cancel

Splits a single time series into multiple; one containing the data from

each of the user-selected intervals (e.g., 2 time series produced for AM
or PM, 7 time series produced for Day of Week, etc...). No additional

selections besides the input time series are necessary.

Creates a separate time series for each event having successive values
above a threshold specified on the Specify Event Attributes form. The
range of values in the base time series is displayed near the bottom of

the form. The following form will produce a separate time series for

each continuous event from the base time series that maintains a value

above 1500.




Meteorological Generation

Generate Time Series

= specify Event Attribute =10 =|

.

Select values Above or Below Threshold?
* Above
" Below

Specify Threshald walue: |-| 500
Fange of values: 0- 2615

1]3 | Cancel |

There are 13 methods of generating new meteorological time series
based on existing time series. Each of these 13 has a distinctly different
methodology. There are six in the general category of Computations,
which use internal algorithms to calculate output time series with the
same time step as the input time series. There are six in the category of
Disaggregations, which distribute daily values to an hourly time step
based on another hourly time series, a user-defined distribution, or the
latitude where the input data was observed. Finally, the CliGen option
allows the user to update the monthly statistical values for the
observation station to then generate an alternative time series.
Meteorologic Generation contains an extensive enough array of utilities
that separate sections of documentation are prepared for
Computations, Disaggregations, and Cligen. Many of the Meteorologic
Generation methods were previously available as part of WDMUTil.

Creates a new time series as the product of an existing time series and
the selected mathematical operation.

o Specify Computation - | I:Ilﬂ

.

Timeseries |OBSERVED 03U PREC # 1,007 Select |

Murnber |-|_-|5

Ok Canicel




Note: Events and Meteorological Generation are subject to the Time Series:Event, Time
Series:Meteorological Generation, and Time Series:Cligen Plug-ins being selected.

Before the selected computation can be made, the user must select one or more time series from those
available. Source data files can be added and removed via the Time-Series Management Utilities. Once
the desired source data files have been added to the project and the Compute menu item has been
selected, the user is ready to click on a selection from the Select a Computation window and click Ok.
The Select Data form will pop up, and the user should select the desired time series then click Ok.



=1
File  Atfributes Select Help
— Select Atribute Values to Fitter Available Data

IScenaricu j ILu:u:atiu:un j IC:::nst'rtuent j
COMPUTED Mﬂ ATEM -]
MD120702 CEWP
MD120703 PEVT b
MD120704 LI FREC LI

Matching Data (7 of 55)

OBSERVED MD120700 PREC

OBSERVED MD120700 ATEM
OBSERVED MD180700 WiIND
OBSERVED MO120700 SOLR
OBSERVED MO120700 PEVT
OBSERVED MO120700 DEwWP
OBSERVED MD120700 CLou

— Selected Data (1 of 55)
OBSERVED MD120700 FREC

— Dates to Include

Al Commaon |
Start  1948/04/30  1948/04/30 | 1543/04/30

End 2009712731  2009/12/31 | 200912/

r Apphy marth,/day range to each year

I™ Change Time Step To: |1 IDH{,’ | I;’-‘u:u:umulate;"Divide | | Ok I Cancel

Once the time series have been selected and the computations completed, the resulting time series are
put into a memory buffer and are henceforth available to be selected via the ubiquitous Select Data
form. The newly computed time series will retain most of the same attributes as their source time
series, which can make them difficult to distinguish when filtering by attribute values. The key to
successfully identifying the newly created time series on the Select Data form is to filter by the attribute
History 1, which will contain the name of the computation performed for the new time series. For



example, the following form shows time series filtered by History 1 after a Seasons:Split:Day of Week
computation was performed.

o

File Attributes  Seleck
—Select Attribute Yalues to Filker Available [ata

I Higtary 1 j I Location j I Constituent j
from Alameda, wdm ALAMEDA il AW =
Split by DayOfafeek Fr AL_RCH1 DFRC

Split by Dapdfnfeek Mon al_RCHI0 ETO

Split by DayOf/esk Sat AL_RCH1 EVAP —
Split by Dapdfnfeek Sun alL_RCH1Z2 FLIOM

Split by DayOfn/eek Thu AL_RCH13 P10

Split by Dapdfnfeek Tue alL_RCH14 IRRG

Split by DayOfn/eek Wed AL_RCH15 LI LA5 -

b atching Data [128 of 128]

from Alameda. wdm CALABALS, EWAP ;l
from Alameda, wdm CALABASA, EVAP .
from Alameda. wdm SAMN_IOSE ETD

from Alameda, wdm SJ_CALAR P15k

from Alameda. wdm SJ_CALAR FREC

frowrn &larnmda wvwdm PATTFRM FiWiF LI

—Selected Data [0 of 128]

Ok Cancel




Events
This function will create a separate time series for each event with values above a specified threshold.

To use the Events tool, first open a *.wdm dataset using File:Open Data.

* BASINS 4.5 - 02060006

File hx! Models hx! Compute 'h_'l
[ Mew
& Open Project
& Save i
&, Save As F
= Archive/Restore Project... 1
Download Data
¥  OpenData
% '! Manage Data
¥ Import to WDM
5 '! Mew Data
% '! Save Data In...
&= Frint
3 RecentProjects k
¥ Open BASINS Project b
=+ Export k
o Settings
B Close
b Exit

—



Select WDM Time Series, and then open Basins/data/Climate/base.wdm.

Z_Select a File Type - O] x|

Basing Observed Water Quality DEF

CliGen Output

- HSPF Binary Output

MOAA Summany of the Day, Archive Format, TD-3200

- SWAT Output DEF

B VW OM Time Series

Ok Cancel

Select Compute:Events:Split from the main BASINS window, which will open the Select data for Split
window.

Select HPRECIP from the Constituent column and OBSERVED UPMARLBR from the Matching Data.



i_ Select data for Split

_{ol x|
File  Atfributes Select Help
— Select Atribute Values to Fitter Available Data
IScenaricu j ILu:u:atiu:un j IC:::nst'rtuent j
OBSERVED 01554526 ~ | DEWPT ;I
FT-OBS BELTSVIL oo
SCEN LalREL FLOW —I
RCH4 HPRECIP
RCHE _I MH3 _I
Matching Data (2 of 42)
COBSERVED LALREL HFRECIP
OBSERVED LUFMARLER HFRECIP
— Selected Data (1 of 42)
OBSERVED LIFMARLER HFRECIP
— Dates to Include
Al Commaon |
Start  1955/12/31 195512431 | 1955412431
End 199012731 199012431 | 159012431
r Apphy marth,/day range to each year

|_ Change Time Step To: |'| IDa“'_.r j I;’-‘u:u:umulate;"Divide j

| e I Cancel

The Specify Event Attributes window will pop up. The user must specify which events will be separated
into individual time series, by selected either Above or Below, and a Threshold Value. The range of
values within the dataset is shown at the bottom of the window. For this example, select events Above,

and type the threshold value of 0.1.



X

Select values Above or Below Threshold?

* Abhove

" Below
Threshold value: 0.1
Days of gap allowed: ID

Range of values: 0 - 256

Ok Cancel |
y

By clicking on Ok, separate time series will be created for each day with HPRECIP over 0.1. The Events
window will now appear, informing the user that there have been 2,878 datasets created. From this
screen, the user can chose to save the new file with these time series, discard all time series, add or
remove specific datasets, or display the data (as a list, graph, data tree, or by seasonal attributes).

=10l %]

2878 datasets
Select what to do with this data:

Save to file

Discard

Fe-5Select Datasets

— Display
List

Graph I

Data Tree

Seaszonal Attributes




The List option shows the new time series datasets:

Z. Timeseries List =] 3
File Edit View Analysis Help

History 1 from base.wdm = from basewdm = from base.wdm | from base.wdm = from base wdm  from base:wdm  from basewdm = from base.wdm | from basewdm frﬂ

Constituent HPRECIP HPRECIP HPRECIP HPRECIP HPRECIP HPRECIP HPRECIP HPRECIP HPRECIP

Id 105 105 105 105 105 105 105 105 105

Min 0 0.07 0.06 0.0 0 0 0 0.08 0.054

Max 0.1 012 0.196 0.14 013 048 027 012 032

Mean 0.05 0.095 0.124 0.09 0.065 024 0.14733 0.1 0.17486

1956/01/11 08:00 0.1

1956/01/11 09:00 0

1956/01/28 24:00 0.12

1956/01/29 01:00 0.07

1956/02/02 06:00 013

1956/02/02 07:00 0.1

1956/02/02 08:00 0.196

1956/02/02 09:00 0.06

1956/02/24 15:00 014

1956/02/24 20:00 012

1956/02/24 21:00 0.01

1956/03/06 23:00 013

1956/03/06 24:00 0

1956/03/07 16:00 0.48

1956/03/07 17:00 0

1956/03/08 07:00 027

1956/03/08 08:00 0.172

1956/03/08 05:00 0

1956/03/13 03:00 0.12

1956/03/13 04:00 0.08

-
AnErIAA 4 AAN N
41 | 3

Note: Unless the results are discarded, these newly created time series will appear when selecting data
in the future. For example, there are now 2,880 OBSERVED UPMARLBR datasets in the selectable data
list:



# _Select Timeseries for =] 9

File Attributes Select Help
—Select Attribute Values to Filter &vailable Data

I Scenario ;I ILu:u:atiu:un ;I IC:::nst'rtuent ;I
OBSERVED 01594526 | FLOW ﬂ
Pr-oss seLTSIL
SCEN LAUREL NH3 —
RCH4 MITRITE
RCHE MITROGEN
e [ e hd
Matching Data (2880 of 2520)
OBSERVED LALUREL HFRECIF ||
OBSERVED IPMARLER HFRECIF b
OBSERVED IPMARLER HFRECIF
OBSERVED IPMARLER HFRECIF
OBSERVED IPMARLER HFRECIF
OBSERVED IPMARLER HFRECIF
OBSERVED IPMARLER HFRECIF
OBSERVED IPMARLER HFRECIF j
—Selected Data (0 of 2920)

| Ok I Cancel

The user may wish to select these new results. Otherwise, to discard the newly created time series,
either select “Discard” from the Event window, or go to File:Manage Data, click on Split, and then
choose File:Close Selected.




# _ Data Sources - 0] x|

File  Analysis Help

|:i|--E*.rent
L.Split (2878)

Generate Time Series

The Generate Time Series menu has three options: Date, Math, and Unit Conversion.

¥ BASINS 4.5 - 02060006*

File arﬂudels h_" Compute ﬁx_!_.ﬁ.nalysjs Layer  View  Bookmarks  Plug-n:

& h WM Sstatistics ar i

" MNew Open Save|id Generate Timeseries bG8 Math

* E }:. WM seasons » m! Date

“Pan | In |out E{L¥ Meteorologic Generation v | M Unit Conversion
Legend hx! Events 3

Layers | Toolbox | |

To use the Generate Time Series tool, first open a *.wdm dataset using File:Open Data.




* BASINS 4.5 - 02060006

File Ihl! Models hx! Compute hx!
[ Mew
& Open Project
& Save 1
&, Save As
= Archive/Restore Project... :
Download Data
w4 openData
[ ! Manage Data
¥ Import to WDM
% ! Mew Data
% ! Save Data In...
= Frint
3 RecentProjects k
¥ Open BASINS Project b
=+ Export k
o Settings
B Close
M Exit

—

Select WDM Time Series, and then open Basins/data/Climate/base.wdm.



ol x|

¥_Select a File Type

Basing Observed Water Quality DBF

- CliGen Output

- HSPF Binary Output

MOAA Summany of the Day, Archive Format, TD-3200
- SWAT Output DBF

B VW OM Time Series

Ok Cancel

Date

There are three options under the Date menu: Merge, Subset by Data, and Subset by Date Boundary.

“ BASINS 4.5 - 02060006*

File aMudels h_‘ Compute hx! Analysis  Layer View  Bookmarks  PlugHins  Watershed Delineation  Converte
& & i statistics =" ik AN % L =JE
© New Open  Save a Generate Timeseries J |m! Math b | Query Properties Table Select [n
q*p i-B' }:, ¥ seasons » a Date ] |hl! Subset by date
Pan [In out E{i# MeteorokogicGeneraton v | (M unitconversion  » |Gl Merge ps
Legend 'll*.! Events b |..L__'! Subset by date boundary

I mere | Tontione | I

o Merge

e This option allows the user to merge time series data that has been collected for the disjoint dates
into one dataset. Note: When there are duplicate dates, the data will be used for the dataset that
was selected first. After selecting the Merge option, the Generate Timeseries:Merge window will



appear. Click on Select.

- . Generate Timeseries: Merge

- sekent |




The Select Timeseries for window will pop up. Select HPRECIP from the Constituent column, and
both OBSERVED LAUREL and OBSERVED UPMARLBR from the Matching Data, then click Ok.

FTT]

.. Select Timeseries for

=101 x]
File  Atfributes  Select Help
— Select Atribute Values to Fiter Available Data
Scenario j ILD::atiDn j IC:::nst'rtuent j
OBSERVED 01594526 ~ | DEWFT ;I
FT-OBS BELTSVIL Do _I
SCEN LALREL FLOW
RCH4 HFRECIP
RCHE _I MH2 _I
Matching Data (2 of 42)
OBSERVED LALREL HFRECIP
OBSERVED LIPMARLER HFRECIP
— Selected Data (2 of 42)
OBSERVED LalUREL HFRECIP
OBSERVED LIFMARLER HFRECIP

— Dates to Include

Al Comman |
Stat 1949712731 198512431 I 154512/31
End 1990/12/31  1550/12/31 I 1550,12/31

|_ Apphy month/day range to each year

I™ Change Time Step To: |1 IDH'_-' | I;’-‘u:u:umulate,-’Diuide | | Cle I Cancel




o The Generate Timeseries:Merge window will now reflect that two time series have been selected to
merge by date. Click Ok.

;' - Generate Timeseries: Merge = |I:I|5|

Timezseries 7 data sets Select

s Cancel

e The Timeseries::Math ‘Merge’ 1 datasets window will now appear. At the top, it says “1 dataset”,
to reflect that the two datasets were merged by date. The user now has the option of saving or
discarding the results, or Adding/Removing datasets to merge. The user can also display the data as



a list, graph, data tree, or seasonal attribute table.

; Timeseries:Math "Merge’ 1 datas

1 datazet
Select what to do with this data:

Save to file

=10 |

Discard

Re-Select Datasets

— Display
List

Graph

Data Tree

Seasonal Attibutes




Note: Unless the results are discarded, the newly created time series will appear when selecting
data in the future. For example, there is now a third HPRECIP dataset:
¥ Select Data

File  Atfributes  Select Help
— Select Atribute Values to Fiter Available Data

Scenario j ILD::atiDn j IC:::nst'rtuent j

OBESERVED 01554526 | DEwWPT ;I

FT-0BS BELTSVIL Do

SCEN LALREL FLOW —I
RCH4
RCHS ;l NH2 ;l

Matching Data (3 of 43)

OEBESERVED LALREL HFRECIF

OEBESERVED LUFMARLER HFRECIF

OEBESERVED HFRECIF

— Selected Data (0 of 43)

— Dates to Include

Al Common |
Start none none I 1945/12/31
End none none | 1990/12/31

|_ Apphy month/day range to each year

r Change Time Step To: |'| IDa'_.r j I;’-‘u:u:umulate,-’Diuide j

| Ol I Cancel

The user may wish to select these new results. Otherwise, to discard the newly created timeseries,
either select “Discard” from the Timeseries::Math ‘Merge’ window, or go to File:Manage Data, click



on “Merge (1)”, and select File:Close Selected.
# _ Data Sources =10 =]
File  Analysis Help
|$|--W.M'DM

h

Timeseres::Math
Merge
1 Timeseries

Subset by Date

The Generate Time Series:Data:Subset by Date option allows the user to use one dataset to create
one new dataset only containing the data within certain day, month, and year boundaries.

“_BASINS 4 - 02060006*
File | Compute | Analysis Models Edit View Plug-ins Watershed Delineation  GIS Tools  Help

‘0 &E Events | E - §-ED
Legend|  Generate Timeseries v | Date v | Merge B
Meteorologic Generation J Math r | Subset by date |

Seasons r Unit Conversion r Subset by date boundary
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e Clicking on Subset by Date opens the Generate Time Series:Data:Subset by Date window. Click
Select to choose one time series.

= Generate Timeseries: Subset by date




Select HPRECIP from the Constituent column, and OBSERVED UPMARLBR from the Matching Data,
then click Ok.

;' - Select data for Split ] ] [
File  Atfributes  Select Help

— Select Atribute Values to Fiter Available Data

Scenario j ILD::atiDn j IC:::nst'rtuent j
OBSERVED 01594526 ~ | DEWFT ;I
FT-OBS BELTSVIL Do _I
SCEN LALREL FLOW

RCH4 HFRECIP

RCHE _I MH2 _I
Matching Data (2 of 42)
OBSERVED LalUREL HFRECIP
OBSERVED LPMARLER HPRECIP

— Selected Data (1 of 42)
OBSERVED LPMARLER HFRECIF

— Dates to Include

Al Comman |
Stat 1955/12731 195512431 I 1955/12/31

End 1390/12/31  1590/12/31 I 1930/12/31

|_ Apphy month/day range to each year

I™ Change Time Step To: |1 IDH'_-' | I;’-‘u:u:umulate,-’Diuide | | Cle I Cancel




e Now type in the desired Start Date and End Date, in YYYY/MM/DD format. For this example, you
may use 1980/01/01 as a start date and 1990/01/01 as an end date. Click on Ok.

= Generate Timeseries: Subset by date

OBSERVED UPMARLER HPRECIP
138001/
1350/01/T



e The Timeseries::Math ‘Subset by date’ 1 datasets window will appear, giving the user the option to
save or discard the results or Adding/Removing datasets. The user can also display the data as a list,

* TimeserieszMath - O] x|

1 dataset
Select what to do with this data:

Save tofile

Discard

Re-Select Datasets

— Display

List

Graph I

Data Tree

Seasonal Attibutes

graph, data tree, or seasonal attribute table.

e Note: Unless the results are discarded, the newly created time series will appear when selecting
data in the future. For example, there is now a third HPRECIP dataset:



;' Select Data

_{ol x|
File  Atfributes Select Help
— Select Atribute Values to Fiter Available Data
Scenario j ILu:u:atinn j ICDnst'rtuent j
OBSERVED 01554526 =~ | DEWFT ;I
FT-0BS BELTSVIL oo _I
SCEN LALJREL FLOW
RCH4 HPRECIP
RCHE _I MH3 _I
Matching Data (3 of 43)
CBSERVED LALREL HFRECIP
COBSERVED UFMARLER HFRECIP
OBSERVED HFRECIP
— Selected Data (0 of 43)
— Dates to Include
Al Common |
Stat  none none | 154912431
End none none | 1990/12/31
r Apphy marth,/day range to each year
|_ Change Time Step To: |'| IDa“'_.r j I.ﬁa:u:umulate;"Divide j | Ok I Cancel

The user may wish to select these new results. Otherwise, to discard the newly created timeseries,

either select “Discard” from the Timeseries::Math ‘Subset by date’ window, or go to File:Manage



Data, click on “Subset by date”, and click File:Close Selected.

=

File  Analysis Help
|$|--".*:'D|"-1

& Math
bt by date (0)

Timeseres::Math
Subset by date

Subset by Date Boundary Generating time series with Subset by Date Boundary lets the user select
one time series and creates one new time series with different year boundaries. The user chooses a
month and day to begin and end the new dataset. Therefore, the new dataset has all the same data
EXCEPT the data in the first year which precedes the chosen month and day, and the data in the last
year which falls after the chosen month and day. This allows the user to organize the data into
different “years”, which start on any day, such as a “water year”.

Click on Subset by Date Boundary to open the Generate Timeseries:Subset by Date Boundary
window, then click Select. As was done in the above example for Subset by Date, select the
HPRECIP OBSERVED UPMARLBR dataset. Type 10 for the boundary month (October), and 01 for the
boundary day. This will delete all data before October 1 in the first year of data, and all data after



October 1 in the last year of data, keeping all data in between.
.., Generate Timeseries: Subset by date boundary Ol x|

Timeseries |OBSERVED UPMARLER HPRECIP Select

Boundary Marth |-|{|.

Boundary Day |{|.1

| Ok I Cancel

e C(Clicking Ok gives the familiar Timeseries screen, with options as explained above.

Math

The Generate Time Series:Math menu includes 15 mathematical operations that can be done to the
entire time-series dataset.
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Absolute Value
10 ™ x

Subtract
Running Sum
Log 10

Loge

Exponent

Min Each Date
Max Each Date
Geometric Mean Each Date
Mean Each Date
Divide

Multiply

e K

With any of these options, the Generate Timeseries window appears. Click on the Select button to
select a time series to perform the calculation on.

Generate Timeseries: 10 ™ x

[

=10l x|

Timeseries

| Ole I Cancel

Convertel




Some functions may lead to a slightly modified Generate Timeseries window, such as the Add option:

“ _Generate Timeseries: Add

This will open the Select Timeseries for window. Select HPRECIP from the Constituent column, and
OBSERVED UPMARLBR from the Matching Data, then click Ok.



i_ Select data for Split

_{ol x|
File  Atfributes Select Help
— Select Atribute Values to Fiter Available Data
IScenaricu j ILu:u:atiu:un j IC:::nst'rtuent j
OBSERVED 01554526 =~ | DEWFT ;I
FT-0BS BELTSVIL oo _I
SCEN LALJREL FLOW
RCH4 HPRECIP
RCHE _I MH3 _I
Matching Data (2 of 42)
CBSERVED LALREL HFRECIP
OBSERVED LIPMARLER HFRECIP
— Selected Data (1 of 42)
OBSERVED IFMARLER HFRECIP
— Dates to Include
Al Commaon |
Stat  1955/12/31 19551231 | 1955/12/31
End 195012/31 1990/12/31 | 155012431
r Apphy marth,/day range to each year
|_ Change Time Step To: |'| IDa“'_.r j I;’-‘u:u:umulate;"Divide j | Ok I Cancel

Depending on which math function was selected, the name in the frame of the Timeseries window will
now reflect the function that was performed. For example, if the 10" x function was selected, the

following Timeseries window will appear:



- TimeserieszMath "10 ~ x' 1 d _ IDlil
1 dataset
Select what to do with this data:

Save to file

Discard

Re-Select Datasets

— Display

List

(GGraph I

Data Tree

Seasonal Attibutes

This gives the user the option to save or discard the results or Add/Remove datasets. The user can also
display the data as a list, graph, data tree, or seasonal attribute table.

Note: Unless the results are discarded, the newly created time series will appear when selecting data in
the future. For example, there is now a third HPRECIP dataset:



;' Select Data

_{ol x|
File  Atfributes Select Help
— Select Atribute Values to Fiter Available Data
Scenario j ILu:u:atinn j ICDnst'rtuent j
OBSERVED 01554526 =~ | DEWFT ;I
FT-0BS BELTSVIL oo _I
SCEN LALJREL FLOW
RCH4 HPRECIP
RCHE _I MH3 _I
Matching Data (3 of 43)
CBSERVED LALREL HFRECIP
COBSERVED UFMARLER HFRECIP
OBSERVED HFRECIP
— Selected Data (0 of 43)
— Dates to Include
Al Common |
Stat  none none | 154912431
End none none | 1990/12/31
r Apphy marth,/day range to each year
|_ Change Time Step To: |'| IDa“'_.r j I.ﬁa:u:umulate;"Divide j | Ok I Cancel

To discard the newly created timeseries, either select “Discard” from the Timeseries::Math ‘Subset by
date’ window, or go to File:zManage Data, click on “107x (1)”, and choose File:Close Selected.



.- Data Sources

File  Analysis

Help
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10" x
1 Timeseries

Timeseries::Math

Unit Conversion

There are two options for unit conversion:

e CelsiustoF

e Fto
Celsius
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e Both options open the Generate Timeseries window. Click on the Select button to select a time
series to perform the calculation on.

Generate Timeseries: F to Celsius

- seka |




This will open the Select Timeseries for window. Select AIRTMP from the Constituent column, and
OBSERVED BELTSVIL from the Matching Data, then click Ok.

FTT]

.. Select Timeseries for

File  Atfributes  Select Help

=10l

r Change Time Step To: |'| IDa'_.r j I;’-‘u:u:umulate,-’Diuide j

— Select Atribute Values to Fiter Available Data
Scenario j ILD::atiDn j IC:::nst'rtuent j
OBSERVED 01594526 = AIRTMP -
FT-OBS BELTSVIL ATD-MH3 —
SCEN LALREL ATD-MO3
RCH4 BOD
RCHE _I BOD, 5D _I
Matching Data (1 of 42)
OBSERVED BELTSVIL AIRTMP
— Selected Data (1 of 42)
OBSERVED BELTSVIL AIRTMP
— Dates to Include
Al Comman |
Stat  1579/12/31 1579412431 I 15751231
End 1990/12/31 1990/12/31 | 1590/12/31
|_ Apphy month/day range to each year

[ o |

Cancel

Depending on which unit conversion function was selected, the name in the frame of the Timeseries
window will now reflect the function that was performed. This gives the user the option to save or
discard the results, or Add/Remove datasets. The user can also display the data as a list, graph, data

tree, or seasonal attribute table.



.“I Timeseries=Math 'F tc =10 x|

1 datazet

Select what to do with this data:

Save tofile

Discard

Re-5Select Datasets

— Display

List

Graph I

Data Tree

Seasonal Atributes

Note: Unless the results are discarded, the newly created time series will appear when selecting
data in the future. The user may wish to select these new results. Otherwise, to discard the newly
created timeseries, either select “Discard” from the Timeseries::Math window, or go to File:Manage
Data, click on Math:F to Celsius(1), and choose File:Close Selected.



Computations

The algorithms for calculating output meteorological time series with the Meteorologic
Generation:Computations utilities on the Compute form are documented in this section.

e Solar Radiation

This procedure computes the total daily solar radiation (langleys) based on empirical curves of
radiation as a function of latitude (Hamon et al, 1954). The inputs are latitude in decimal degrees
and daily cloud cover in tenths (ranges from 0 to 10). This method is limited to latitudes from 25
degrees N to 50 degrees N, but this limit is not enforced by the program.

“  Compute Solar Radiation - O] x|

[orey

Specify Claud Caver Timeseres

Select I |I:IBSEFW'ED SEA-TAC CLOUD #14

Latitude [in decimal degress) |31555

Ok | Canzel |

e Hamon PET

This method generates daily potential evapotranspiration (inches) using air temperature (F or C), a
monthly variable coefficient, the number of hours of sunshine (computed from latitude), and
absolute humidity (computed from air temperature). The computations are based on the Hamon

(1961) formula. PET = CTS * DYL * DYL * VDSAT
where

PET = daily potential evapotranspiration (in)
CTS = monthly variable coefficient

DYL = possible hours of sunshine, in units of 12 hours,
computed as a function of latitude and time of year

VDSAT = saturated water vapor density (absolute humidity)
at the daily mean air temperature (g/cm3)

VDSAT = (216.7 * VPSAT)/(TAVC + 273.3) where

VPSAT = saturated vapor pressure at the air temperature

TAVC = mean daily air temperature,

computed from the daily max-min data (C)
VPSAT = 6.108 * EXP((17.26939 * TAVC)/(TAVC + 237.3))



Hamon (1961) suggests a constant value of 0.0055 for CTS. However, this has been found to
underestimate PET in some areas, especially for winter months. Therefore, monthly values can be
specified.

¥ Compute Hamon PET - O] x|

Specify Input Timeseries

Min Temp:  Select | [OBSERVED Liwa ATEM-MIN # 1,031

Max Temp:  Select | [OBSERVED Unwié ATEM-MAX # 1,036

Latitude [decimal deqress]: |31.55|§1 = DegessF (" DegiessC
Specify Manthly Cosfficients

Jan Feb b ar Apr May  Jun Jul Alg Sep et Moy  Dec
|0.0055 |0.0055 |0.0055 |0.0055 |0.0085 |0.0055 |0.0055 |0.0055 |0.0055 |0.0055 0.0055 |0.0055

Ok Cancel

e Jensen PET

This procedure generates daily potential evapotranspiration (inches) using a coefficient for the month,
the daily average air temperature (F), a coefficient, and solar radiation (langleys/day). The computations
are based on the Jensen and Haise (1963) formula.

PET = CTS * (TAVF - CTX) * RIN

where PET = daily potential evapotranspiration (in)

CTS = monthly variable coefficient

TAVF = mean daily air temperature (F), computed from max-min
CTX = coefficient

RIN = daily solar radiation expressed in inches of evaporation
RIN = SWRD/(597.3 - (.57 * TAVC)) * 2.54

where

SWRD = daily solar radiation (langleys)

TAVC = mean daily air temperature (C)

The following is abstracted from the PRMS manual (Leavesley, et al., 1983): As with the Hamon
procedure, the Jensen-Haise procedure tends to underestimate winter PET; therefore, monthly
variable CTS coefficients are included. Values of CTS and CTX for the warmer months can be
estimated using regional air temperature, elevation, vapor pressure, and vegetation data (Jensen et
al. 1969). For aerodynamically rough crops (assumed to include forests), CTS can be computed for
the watershed by:

CTS = 1/[Cl 4+ (13.0 * CH)] where

C1l an elevation correction factor

CH humidity index

Cl = 68.0 - [3.6 * E1/1000] where

E1l median elevation of the watershed (ft)



CH = 50/ (e2 - el) where

e2 = saturation vapor pressure (mb) for the mean maximum
air temperature for the warmest month of the year
el = saturation vapor pressure (mb) for the mean minimum

air temperature for the warmest month of the year

CTX is computed for each land segment as:
CTX = 27.5 - 0.25 * (e2 - el) - (E2/1000) where
E2 = median elevation of the land segment (ft)

¥ Compute Jensen PET - 10| x|

Specify Input Timeseries

Min Temp: Select | [OBSERVED Liwih ATEM-MIN # 1.031

Max Temp: Select | [OBSERVED Liwih ATEM-MAX # 1,036

Solar Radiation:  select | [OBSERVED LUiwia SOLRAD #1.021

Constant Coefficient: |-| 104 Temperature Units: * DegeesF

Specify Maonthly Coefficients € DegreesC

Jan Feb bar  Apr bay  Jun Jul Aug  Sep Oct Mow  Dec
jomz |omz Jomz |ooz ooz jomz |ooiz jomz |ooz ootz jomz |z

1] | Cancel |

Penman Pan Evaporation

This procedure estimates daily pan evaporation (inches) using daily average air temperature (F),
dewpoint (F), wind movement (miles/day), and solar radiation (langleys/day). The method is that of
Kohler, Nordensen, and Fox (1955), and it is based on the Penman (1948) formula; the following
description is abstracted from Hydrocomp (1977):

E = (Q*DEL + Ea*GAM)/ (DEL + GAM) (1)

where

E = pan evaporation

Q = net radiation exchange

DEL = slope of the saturation vapor pressure

curve at the air temperature

GAM = 0.0105 inches Hg/deg F (defined by Bowen’s Ratio)
Ea = pan evaporation (assuming air temperature equals

water temperature)

To express the above equation in terms of available meteorological data, empirical curve fitting of
data points is used. An empirical expression for Q*DEL, which can be treated as a single parameter,
is

Q*DEL = exp[(Ta -212) (0.1024 - 0.01066 1n R)] - 0.000 (2) where



Ta = air temperature (F) R = daily solar radiation (langleys) An
expression for Ea is

Ea = (0.37 + 0.0041 Up) * (es - ea)**0.88

(3) where (es - ea) = vapor pressure deficit between
surface and dewpoint temperature and
Up = total daily wind movement (miles)

The Clausius-Clapeyron equation can be used to express e, the vapor pressure, and DEL, the slope of

the saturation vapor pressure curve at air temperature Ta:
e = exp{[-7482.6/(Ta + 398.36)] + 15.674} (4)
DEL = [7482.6/Ta+398.36)**2] exp[l5.674-7482.6/(Ta+398.36)]1 (5)

To calculate evaporation, the procedure uses Eqn 1. Parameters needed for the evaluation of Eqn 1
are found using Eqns 2-5. Air temperature is estimated as the average of maximum and minimum
daily temperature. If dewpoint temperatures are not available, minimum daily temperatures can be
substituted.

i_ Compute Penman Pan Exaporation = | Ellil

Specify [nput Timeszeries

Min Temp: Select | [OBSERVED Liwia ATEM-MIN 81,031
Maw Temp: Select | [OBSERVED Liwih ATEM-M&X 1,036

Solar adistion:  Gelect | [OBSERVED Uiwia SOLRAD #1.021

Devspoint Temp: Select | IDBSEHUED SEA-TAC DEWP #12

wind Movement | Gelect | [OBSERVED SEA-TAC WIND #1070

1]3 | Cancel |

Wind Travel

This procedure computes total daily wind travel (miles) from average daily wind speed (miles per hour).
The average daily wind speed is multiplied by 24 to generate the total daily wind travel. No additional
selections besides the input time series are necessary.

Cloud Cover

This procedure computes daily percent cloud cover from daily percent sunshine. No additional
selections besides the input time series are necessary. The relationship between these two constituents
is extracted from the algorithms developed by Hamon, Weiss, and Wilson (1954) for Solar Radiation.
Specifically, the relationship is as follows:

CC = 100 * (1 - PSS/100)**0.6where
CC = percent cloud cover
PSS = percent sunshine



Disaggregations

The algorithms for disaggregating meteorological time series from daily to hourly with the Meteorologic
Generation:Disaggregations utilities on the Compute form are documented in this section.

e Solar Radiation

This procedure distributes daily solar radiation to hourly values by assuming an
empirical distribution over daylight hours that are computed from latitude and
time of year. It is limited to latitudes from 25 degrees N to 50 degrees N, but
this limit is not enforced by the program. It is an empirical method based on
work by Hamon et al. (1954).

__ Disagqgregate Solar Radiatio - |EI|5|

Specity Daly Solar Radiation Timesenes

Select | IEIEHSEFI"-IED L/t SOLRAD # 1.0

Latitude [in decimal degress) |3-| EER

1] | Cancel |

e Evapotranspiration

This procedure distributes daily evapotranspiration to hourly values; it
assumes a distribution based on latitude and time of year.

__ Disaggregate Evapotranspira = |I:I|£|

§peu:ify _D aily Evapotranspiratian

Select | IEIBSEFWED UMIOM ETO # 171

Latitude [in decimal degress] |31 FEH

13 | Canizel |




Temperature

This procedure distributes daily max-min temperatures to hourly values; it
assumes the minimum occurs at 6 AM and the maximum occurs at 4 PM. The
observation hour (1-24) is the hour at which these max and min temperatures
are recorded. If this hour is 17-24, then both the input max and min actually
occurred on that day. If the hour is 6-16, then the input max actually
occurred on the previous day. If the hour is 1-5, then both the input max and
min actually occurred on the previous day.

Z _ Disaggregate Temperature =18

Specify Daily Temperature Timeseries

Min Temp:  Gelect | [OBSERVED Liwia ATEM-MIN #1.031

Max Temp: SEIEI:tI |IIIE!5EFWED LIy ATEM-MA3 1 1,036

Obzeration Hour; |2|:|

13 | Canizel

Wind

This procedure distributes daily wind movement (any length units) to hourly
values (same as input length unit); it allows the user to adjust the default
empirical hourly distribution fractions.

.., -Disaggregate Wind -0 x|

Specify D aily Wind Timeszeries

Wind: Select | [OBSERVED SEA-TAC WIND # 1,070

Specify Hourly Diztribution

112 |0034 |0.034 0034 |0.034 (0034 [0.034 |0.034 [0035 |0.037 [0041 [0.046 |0.05
1224|0053 |0.054 [0058 |0.057 0056 [0.05 |0.043 004 [0.038 0035 [0.035 |0.034

Ok | Canizel |

Precipitation

This procedure distributes daily precipitation to hourly values based on
hourly time series from nearby stations (up to 5). The daily precipitation
time series must not contain any missing periods as indicated by negative
values. It distributes the data according to one of several secondary hourly
stations, using the one whose daily total is closest to the daily value. If
the daily total for the hourly stations being used are not within a user-
specified tolerance of the daily value, the daily value is distributed using a
triangular distribution centered around the middle of the day. The tolerance
is expressed as a ratio of the total to the daily value being disaggregated.
One hundred percent means that any daily total (from the hourly stations) is
acceptable. Zero percent means that the daily total must match the daily
value exactly. Fifty percent means that the daily total must be between one



half and double the daily value. The observation hour (1-24) at the station
where the data was recorded must be indicated. An optional summary output
file may be produced reporting either: 1) which hourly station was used to
disaggregate each daily value, or 2) no suitable hourly station was found so
triangular distribution was used.

.“ -Disaggregate Precipitation - | Ellil

Specify Daily Precipitation Timeseries to Dizagaregate

Select I |I:IESEFW'ED 457473 PRCP # 1,00

Specify Hourly Precipitation Timeseries:

OBSERVED UNION PREC # 271
Select | |0BSERVED LIV PREL 4 501
OBSERVED LTR PREC # 502
OBSERVED ONO PREC # 503
OBSERVED ROSEPEAK PREC # 505

Obzervation Haour: IE Data Talerance [%]: Igg

Summary File [optional]:

| Select I II::"'.E.-“-‘-.SINS'&-:Iata'ﬂEDEDUD#HF‘recDisaggFiepl:nrt.sum

Ok Cancel

e Dewpoint
This procedure distributes average daily dewpoint temperature (F or C) to
hourly values. It assumes that the daily average is constant over the 24-hour
period.

Cligen

CliGen is a stand-alone model that generates daily meteorological data for an observation station based
on that station’s historical values. Required inputs to run CliGen are:

e parameter file (*.par) containing station’s stats
e starting year for which to generate data
e number of years of data to generate

e output file (*.dat) to house generated data

CliGen is accessible from the Compute:Meteorologic Generation menu.



The CliGen form allows for the specification of the above input requirements. Additionally, it allows the
user to update the monthly statistical values for the observation station to then generate an alternative

set of met data.

i_ CliGen Weather Generator 10 x|

Specify CliGen Files

Parameter File:  Selact | ID:\B&SINSM\da’[a\Gimate\WashNat.par

Cutput File: Select I ID:\EﬁSINS-H\data\.CJimate\WashNatZ.dat

¥ Original Daity Cligen

Starting Year: I 2000  Mumber of Years: |1 Select Data to be Available after Running:
I” Disaggregated Houry

— Station Parameters
WASHINGTON NAT WEAF VA 448306 0 Edit Values by:
LATT= 38.85 LONG=-77.03 YEARS= 44 TYPE=3 & Absolute
ELEVATION = 10. TP5 = 3.15 TP6= 5.65 " Percent
Cons | Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sept | Oct | Mov | Dec || EditRow, Absolute | =
Precip on \wWet Days (in) 27 23 02 AN M 3B 40 45 42 4 B M ]
5D of Precip ) 33 3% 34 42 B2 BE BB 67T | B2 43 40 ]
Skew of Precip 192 | 150 185 256 226 460 334 333 376 158 205 196 ]
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Min Temp (Deg F) 2301 2995 3680 4630 56283 6530 V031 GBEY 6191 505 4022 3159 0
50 of Max Temp 1068 | 1083 1138 1053 863 713 562 582 752 843 957 1025 ] e
50 of Min Temp 89 | 856 B05 76 709 598 446 605 | 732  B19 B45 345 ]
Solar Radiation (Langleys) 176. | 267. | M3 413 B46 500 533 445 3FE | 2897 2100 16T ]
5D of Solar Radiation 359 | 378 | 566 | 781  6B4  B4T | 770 1427 763 | 384 315 303 0 i
Select Pams to View/Edit | Reset to Original Values |

Save Pams | Run CliGen | Cancel |

A

The parameter file contains monthly averages for a large number of different constituents, especially
wind data (3 records for each of the 12 wind directions). The user has the ability to control which
parameters are displayed in the grid for editing by clicking on the Select Params to View/Edit button.
When this button is selected, the entire list of available parameters is shown with a check box next to
each one that can be clicked ‘on’ or ‘off’. Those constituents clicked ‘on’ will then be displayed on the
editing grid and those ‘off’ will not. (These selections are stored in a file called CliGenEdit.prm, in the
same directory as the executable).
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Monthly values in the grid may then be edited cell by cell or by using the far right column to adjust a
whole row of values. When a value is entered for a cell in the far right column, every other cell in that
row is adjusted by the entered value. The radio buttons above the far right column dictate whether the
adjustment is absolute (i.e. add the entered value to every cell in the row) or by percent (i.e. multiply
every value in the row by the entered percentage). When the Run CliGen button is selected, CliGen is
run using the specified inputs and a suite of 10 meteorological time series are created and become

available in memory.




Seasons

The Generate Time Series:Seasons function has 10 options to split a single time series into multiple new
time series. For example, two time series are produced for the “AM or PM::Split” option, and 7 time
series are produced for the “Day of Week::Split” option.

To use the Seasons tool, first open a *.wdm dataset using File:Open Data.
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Select WDM Time Series, and then open Basins/data/Climate/base.wdm.
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Ok Cancel

Click on Compute: Seasons: Split: AM or PM::Split, which will open the Select data for AM or PM::Split
window. Select the dataset to divide into two datasets, one with the data collected in the AM, and one
with PM data. For this example, select precipitation (HPRECIP) from the Constituent column, and
OBSERVED UPMARLBR HPRECIP from the Matching Data section. Then click on Ok.
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_{ol x|
File  Atfributes Select Help
— Select Atribute Values to Fiter Available Data
IScenaricu j ILu:u:atiu:un j IC:::nst'rtuent j
OBSERVED 01554526 =~ | DEWFT ;I
FT-0BS BELTSVIL oo _I
SCEN LALJREL FLOW
RCH4 HPRECIP
RCHE _I MH3 _I
Matching Data (2 of 42)
CBSERVED LALREL HFRECIP
OBSERVED LIPMARLER HFRECIP
— Selected Data (1 of 42)
OBSERVED IFMARLER HFRECIP
— Dates to Include
Al Commaon |
Stat  1955/12/31 19551231 | 1955/12/31
End 195012/31 1990/12/31 | 155012431
r Apphy marth,/day range to each year
|_ Change Time Step To: |'| IDa“'_.r j I;’-‘u:u:umulate;"Divide j | Ok I Cancel

A window will pop up with the title of the Seasons calculation, in this case, AMorPM. This window gives
the user options to save or discard results, or display the results as a list, graph, data tree, or seasonal
attribute table. The top of the window will show that “2 datasets” have been created.
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2 datazets

Select what to do with this data:

Save tofile

Discard

Re-Select Datasets

— Display
List

Graph I

Data Tree

Seasonal Attibutes

One way to display the results is with a List. Click on the List button. The Timeseries List window will
pop up, listing the two new time series. Note that one dataset contains all of the data collected in the
AM, and the other with the PM data.
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File Edit
History 1
Constituent
Id
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Maox
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1955/12/31 05:00
195512431 10:00
1955/12/31 11:00
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1955/12/31 17:00
195512431 18:00
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195512431 20:00
1955/12/31 21:00
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19551231 23:00
19561231 24:00
1956/01/01 01:00
1956/01/01 02:00
1956/01/01 03:00
1956/07/01 0d-00
1956/01/01 0500
1956/01/01 0600
1956/01/01 0700
1956/01/01 0800
1956/01/01 0500
1956/01/01 10:00
1956/01/01 1100
1956/01/01 12:00
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Note: Unless the results are discarded, these two newly created time series will appear when selecting
data in the future. For example, there are now three HPRECIP dataset for UPMARLBR:

;' Select Data

File  Atfributes Select Help
— Select Atribute Values to Fiter Available Data

Scenario j ILu:u:atiu:un j IC:::nst'rtuent j

CBSERVED 01554526 =~ | DEWPFT ;I

FT-OBES BELTSVIL 0o

SCEN LALREL FLOW —I
RCH4
RCHE LI NH3 LI

Matching Data (4 of 44)

CBSERVED LALUREL HFRECIF

CBSERVED LFMARLER HFRECIF

OBSERVED LPMARLER HFRECIF

OBSERVED LIPMARLER HFRECIF

— Selected Data (0 of 44)

— Dates to Include

Al Common |
Stat none none | 1955/12/31
End none none | 1990/12/31

r Apphy manth/day range to each year

|_ Change Time Step To: |'| IDa“'_.r j I;’-‘u:u:umulate;"Divide j

| e I Cancel

The user may wish to select these new results. Otherwise, to discard the newly created time series,
either select “Discard”, or go to File:Manage Data, click on AM or PM, and choose File:Close Selected.



;' Data Sources - 0] x|

File  Analysis Help

= WDM
L.DABASINGST\data\Climate\base wdm (42)
=-Seasonal - AMorPM

O or P Siplit (0]

Timeseries::Seasonal - AMarPM
AM ar PM::Spilit

Statistics

The Compute:Statistics option on the main BASINS menu yields the N-day and Frequency Option, with
two choices:



e n-day high time series
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These options will produce an annual time series (based on the dates specified) with the average n-day
high or low flow over the course of each year. Therefore, one value is generated for each year within

the bounds of the calculation. The following example will produce a 7-day high flow over each year
from October 1-September 30.

To use the Statistics tool, first open a *.wdm dataset using File:Open Data.
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Select WDM Time Series, and then open Basins/data/Climate/base.wdm.
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. Basing Observed Water Quality DBF

- CliGen Output

- HSPF Binary Output

MOAA Summany of the Day, Archive Format, TD-3200

SWAT Output DBF

(R WDM Time Series

Ok Cancel

Open the Statistics tool from the Compute:Statistics:N-day and frequency:n-day high timeseries menu
on the main BASINS menu.

This will open the Select data to compute statistics for window. Select FLOW from the Constituent
column and OBSERVED 01594526 from the Matching Data section. Click Ok at the bottom of the
window.



i_ Select data to compute statistics for - |0l x|
File  Atfributes Select Help
— Select Atribute Values to Fitter Available Data
Scenario j ILu:u:atiu:un j IC:::nst'rtuent j
OBSERVED 01554526 AIRTMP |
FT-OBS BELTSVIL ATD-MH3 —
SCEN LalREL ATD-MO3
RCH4 BOD
RCHE _I BOD, 5D _I
Matching Data (42 of 42)
QOBSERVED LALREL HFRECIF | |
OBSERVED LIPMARLER HFRECIF
OBSERVED BELTSVIL FET
OBSERVED BELTSVIL AIRTMP
QOBSERVED WASH_MAT CLOuD
OBSERVED WASH MNAT WIND
OBSERVED WASH_NAT DEWPT ll
— Selected Data (1 of 42)
OBSERVED 01554526 FLOW
— Dates to Include
Al Commaon |
Start 1985/09/30  1985/09/30 | 1585/069/30
End 198904730 158970430 | 1585/04./30
r Apphy marth,/day range to each year

[ Change Time Step To: |'| IDa“'_.r

| e I Cancel

j I;’-‘u:u:umulate;"Divide j

The Specify Years and Seasons window will appear. This gives the user the ability to determine how to
define the year or season. For example, the user can choose to define “water years” that begin on
October 1 and end on September 30. In this example, use the years 1985 and 1988 as the boundaries.
By entering the “Number of Days” on this form, the user determines the duration of the high flow.
Entering seven means the calculation will be done for the 7-day high flow period of each year. Click Ok.
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—Year or Season Boundaries

Start IDu:tnber - 1

End ISeptember had 30

— Years to Include in Analysis
Start Year | 1985 Data Starts 1585/10/01 24:00

End Year | 1388 Data Ends 1385/04/30 24:00

MNumber of Days I 7 Ol Cancel
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The Timeseries::n-day high/low ‘n-day high timeseries’ 1 datasets window will appear, showing at the
top that “1 dataset” has been created. This window gives the user options to save or discard data or

add/remove datasets. It also has options for displaying the data as a list, graph, data tree, or seasonal
attribute table.
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Click on the List display option, which will open the following window. This shows one value for each
year from 1985 to 1988. Each value is the 7-day high value for FLOW.
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File Edit View Analysis Help

History 1 from base wdm
Constituent HOO7

Id 27

Min 20343

Max 313

Mean 26152

1986/0930 24:00 20343
1987/09/30 24-00 268.14
1588/0330 24:00 313

Note: Unless the results are discarded, this newly created time series will appear when selecting data in

the future. For example, there is now an OBSERVED 01594526 dataset called HO07 which was added to
the data list:
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File  Atfributes Select Help
— Select Atribute Values to Fitter Available Data

Scenario j ILu:u:atiu:un j IC:::nst'rtuent j
CBSERVED 01554526 | AIRTMP (=
FT-OBES BELTSVIL ATD-NH3 —
SCEN LALREL ATD-NOZ

RCH4 BOD

RCHE LI BOD, 5-0 LI
Matching Data (43 of 43)
FT-OBS RCH4 NITROGEN ;I
FT-OBS RCH4 NITROGEN
PT-OBS RCH4 NITRITE
FT-OBS RCH4 PHOSPHOR
FT-OBS RCH4 CHLORIME
FT-OBS RCH4 PHOSPHOR
FT-OBS RCH4 FLOW

OBSERVED 01594526 HOO7 -

— Selected Data (1)
OBSERVED 01554526 HOO7

— Dates to Include

Al Commaon |
Start 1985/09/30  1985/09/30 | 1985/09./30
End 1933/09/30  1988/09/30 | 1983/09/30

r Apphy marth,/day range to each year

I™ Change Time Step To: |1 IDH{,’ | I;’-‘u:u:umulate;"Divide | | Ok I Cancel

The user may wish to select these new results. Otherwise, to discard the newly created time series,
either select “Discard” from the Timeseries::n-day high/low window, or go to File:Manage Data, click
on Timeseries::n-day high/low, and choose File:Close Selected.
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Tutorial

This section describes a walkthrough of BASINS 4.5 that demonstrates some major features and
functionality.

First, the user will build a BASINS project and populate it with BASINS core data.
Next, the procedure to download additional data will be shown.

Using data downloaded in the previous step, the user will reclassify land use into user-defined
categories.

Based on the digital elevation model (DEM) layer, the automatic delineation of subwatersheds will then
be completed.



Building a BASINS Project

When BASINS first initializes, the following window is displayed:

¥ Welcome to BASINS 4.5 X|

Build Mew Project

View Documentation

Jpen Existing Project

¥ Show this dialog at startup

Close |

Execute the following steps to build a BASINS project and download a cache of standard data for the
selected HUC-8 area.

Select Build BASINS Project , and a map of the United States will appear, as will the smaller Build New
BASINS 4.5 Project window. Do not click the Build button on the smaller window until AFTER the HUC-8
has been selected and highlighted yellow on the main BASINS form.
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On the main form, use the MapWindow Zoom In ﬁB and Pan $ tools to navigate to the

Virginia/Maryland area. Then use the Select h tool to select the Patuxent Watershed (02060006),

which should then be highlighted yellow. To see which watershed has been selected, check the Build
New Basins Project window.



“ Build New BASINS 4.1 Project
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Click the Build button on the Build New BASINS 4.5 Project window.

A new folder named after the HUC-8 code will be created in the “\BASINS\Data\’ directory, and you will
be prompted to name the BASINS 4.5 project file. Stick with the HUC-8 code for this as well by clicking
Save on the Save new project as window. If you have already saved a project with that name, you will
be prompted to name the project by the HUC-8 code followed by a dash 1 (for example, 02060006-1).
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You will be prompted to provide projection properties. Any one will do, but it is essential that all layers
throughout the BASINS project have the same projection. Choose UTM-1983 and Zone 18. For more
information about projections, see Projection or Projection Parameters.
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The program will take a minute to download the standard BASINS support files, then the new BASINS
project will open in MapWindow. Become familiar with its layers by clicking on the checkboxes in the
table of contents and observing the results on the map display.
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Downloading Additional Data

Significant additional data pertaining to your watershed area (beyond the standard cache downloaded
in the first lesson of this tutorial) is available through the BASINS interface. Execute the following steps
to download additional GIS and time-series data.

Before downloading additional data for your BASINS project, make sure the BASINS 4.5 Plug-in is active,
along with the BASINS, Main, NHDPlus, NLCD2001, and NWIS plug-ins under D4EM Data Download. The
available plug-ins are listed under the Plug-ins menu on the main form. For later parts of this tutorial
you will also want to activate the Watershed Delineation plug-in.
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Select File:Download Data from the main menu, and the Download Data form will appear. Click on the
checkbox next to GIRAS Land Use.
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Click on the Download button. Two GIRAS Land Use layers are downloaded in order to cover the entire
Patuxent HUC-8 watershed area. These layers are automatically displayed on the main form.
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Repeat the Data Download process for the DEM Grid. Doing so will add the DEM grid in GeoTiff format.
The GIRAS landuse and DEM grid will now appear in the main window.
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For more information about these data sets, please refer to the GIS and Time-Series Data section of the
Manual.

In order to help establish some points of reference in the new BASINS project, go back and download
the BASINS Census data, which includes the TIGER line data as well. The census data will also allow you
to produce the Watershed Characterization Reports based on the 1990 and 2000 data.

Next, download the BASINS NHD data (not the NHDPIus), since the BASINS NHD data is necessary for the
Manual Delineation lesson.

Finish the Data Download process by retrieving the BASINS Meteorologic data for the study area (which
will be required for the Starting HSPF lesson). The BASINS Meteorological data is downloaded in two
steps. First, download the Met Stations.
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The Weather Station Sites 2009 layer will be added to the map, with its suite of distinct icons graphically
representing which constituents are available at each meteorologic station.
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More information about the weather station icons is provided in the BASINS Data Types section of the
Manual.

With the Weather Station Sites 2009 layer active, use the selection tool h to draw a selection box
around all the met stations on the map. The result will look like the image below.
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Now use the Download Data tool to download the Met Data for the selected stations.
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When the download is complete, the user is prompted for a location to save the Met Data. Accept the
default location.
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" Do not add data to project

The Data Sources window is displayed, showing that the Met Data has now been added to the BASINS
project. Close this window, and save the BASINS project (using the File:Save menu option).
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Reclassifying Land Use

The GIRAS Land Use layer downloaded in the previous lesson (Downloading Additional Data) contains 20
categories of land use within the Patuxent watershed. You may wish to group certain categories
together (e.g., Deciduous, Evergreen, and Mixed Forest land into simply Forest) or break one category
out into multiple (e.g., Residential into Low Density and High Density). Execute the following steps to
reclassify the GIRAS Land Use layer into customized categories.

Select Reclassify Land Use from the Plug-ins:Analysis submenu so that it is active. This will add
Reclassify Land Use to the Analysis menu.
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Select Analysis:Reclassify Land Use , and the BASINS LandUse Reclassification form will appear.
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Make the selections from the four pull-down menus indicated on the above form, and then click the
Next button. After a bit of processing, the BASINS LandUse Reclassification form will update to display a
chart of the GIRAS landuse distribution and a proposed aggregation scheme. Shaded columns contain
the input data, while the aggregation parameters are defined in the columns with white background.
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Click the Advanced button on the top right of the form, and two new columns will appear on the right
side of the grid, Multiplier and Subbasin.
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Select any cell on the ‘RESIDENTIAL’ row then click the Add button, and an identical row will be inserted
below the original. Divide ‘RESIDENTIAL’ into ‘High Density Residential’ (60% impervious and 25% of the
original RESIDENTIAL land area) and ‘Low Density Residential’ (20% impervious and 75% of the original
RESIDENTIAL land area) as shown on the following form. It is important that the multipliers sum to 1.0
so that land area is neither created nor lost. If desired, the reclassification scheme could be limited to
certain subbasins within the watershed area by entering those ID’s in the Subbasin column. If you would

rather apply the scheme to the entire watershed, leave the subbasin column cells showing <l o)

that the scheme is applied to the entire watershed.
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Click the Save button to save the current land use aggregation/division scheme to a DBF file, which can
be used later to quantify pervious and impervious drainage areas in support of nonpoint source
modeling. Store the new file in the “\BASINS\etc\’ directory along with the default ‘giras.dbf’ file.
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Click the Close button and return to the main form.



Manual Delineation

The Manual Watershed Delineation tool allows you to divide a watershed into two or more
hydrologically connected subwatersheds. This is useful in watershed characterization and modeling.
The tool provides you with flexibility in editing shapes and attributes of manually delineated watersheds
and outlets, and in generating stream networks.

The Manual Watershed Delineation tool allows you to define and create a boundary around the entire
land area contributing to flow in a stream. Watersheds can be delineated based on Reach File, V1; NHD;
or user-defined blue lines, depending on which reach data will be used for modeling. Analysis can be
performed on delineated watersheds using the BASINS Watershed Characterization Report tools.
Modeling can be performed on one or more delineated watersheds using a watershed model such as
HSPF.

Execute the following steps to subdivide a HUC-8 into multiple subwatersheds using the Manual
Watershed Delineation tool of BASINS 4.5.

To get started with this tutorial, make sure you have the BASINS DEMG and NHD data loaded into your
project. Only the layers for NHD, Cataloging Units, and State Boundaries should be active. Your project
should look like the one below.
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The Manual Delineator is used to subdivide any existing watershed polygon into smaller subwatersheds.
This tool can be used on an entire 8-digit HUC, but for the purposes of this tutorial we will start with a
smaller unit, in this case the Western Branch of the Patuxent River.

A shapefile representing the Western Branch of the Patuxent River has been included with the BASINS
4.5 installation. Add this file to the map using the Add Layer tool, which is shaped like a plus sign on the
toolbar. The file is located in the folder ‘\BASINS\data\tutorial’ (where \BASINS\ is the folder where
BASINS was installed) and is named ‘W_branch.shp’.
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After you add this layer move it down on the map so that the NHD streams are drawn on top of it, as

shown above.

Before starting the Manual Delineator, make sure this plug-in is loaded by using the Plug-ins menu and
making sure Manual Delineation is active.
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The Manual Watershed Delineator window will appear.
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Zoom into the Western Branch by right-clicking on the W_branch map layer and selecting Zoom to
Layer.
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Click the Delineate Subbasin button to begin drawing the line to divide the existing watershed into two
parts.
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Now click on the map just outside of where you want the subbasin boundary to be. Continue clicking
vertices along the intended subbasin boundary.



i_ BASINS 4.5 - 02060006*

File h‘! Models u! Compute h‘! Analysis

a4 &= ©
$o0p 11 ¥

e
Pan In Out Extent Select=d Previous Mext Layer |

+

Layer

New Open Save Print Settings : Add Remove Clear | Symbology Categories Query Prcpe;ties Table

10

=10l

View Bookmarks Plugdns  Watershed Delineation  Converters  Shapefile Editor h"Launch Help

i 15 g o]

", B @ 9 1E et sw e

Select Deselect Measure Identify LabelMower | Mew Insert Add Remove Copy Paste Merge Erase

i

Legend 1 x r :’ N, ¥
Layers |Too|box| u‘-\ ‘
N
- \J
B NAWQA Study Area Unit Bou -l .
E = Hydrology AN
=[] Mational Hydrography Datase N
Reach File, V1 B =
E[] Cataloging UnitCode &
H[] Accounting Unit Boundaries
Cataloging Unit Boundaries
| W_branch % 0 |
EIM [ Political
E[] Urban Area Mames <&+ b
FH[] County Hames P
E[] County Boundaries <
[#[] EPARegion Boundaries
State Boundaries S 0Od
@[] Urban AreaBoundaries [ 1 ™|
Preview Map 1 x
UTM Zone 18, Morthern Hemisphere - | X: 347,306,359 : 4,308,894.931 Meters | Lat: 38.916 Long: -76.761 | 1= 140686| BASINS Status _.:

When you reach the border of the original watershed boundary, cross the boundary and right click, just
outside the original watershed boundary. Doing so indicates that you are ready to commit the line as
drawn. If you prefer you can use the Commit button of the Manual Watershed Delineator window.
The Cancel button of the Manual Watershed Delineator window is used if you decide you want to stop
the line you are in the process of drawing to start again.

Note: It is not necessary to delineate the portion of your watershed that coincides with the ‘W_branch’
subwatershed boundary. The delineation tool automatically clips your watershed at the watershed
boundary that is “active” and includes the portion of the boundary to which it was clipped in the new

subwatershed.
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You can continue delineating subbasins as desired. Once you have the subbasins as you want them, set
the Elevation Layer in the drop down list to ‘DEM Elevation Model’ and click Calculate Subbasin
Parameters. Doing so will create a unique identifier for each subbasin and compute its average slope

from the DEM.
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After the subbasin parameters have been calculated, set the Reach Layer to your NHD layer, and click
Define Stream Network and Outlets. Clicking this button will create a stream layer with one stream



segment per subbasin, as is suitable for modeling. Each stream segment will include lengths and
endpoint elevations. An outlets layer will also be created, with one point at the outlet of each subbasin.
If you have checked the Include PCS as Outlets checkbox, the outlets layer will include information to
link the PCS facility to a particular stream segment.
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The Define Stream Network and Outlets process might take a few minutes. The end result looks like
that shown below.



“_BASINS 4.1 - 02060006* o [ 1

File h‘! Models h‘! Compute h‘-! Launch Ih_‘ Analysis Layer \View Bookmarks Plug-ins  Watershed Delineation  Shapefile Editor  Converters  Help

a s @ oo lpn @ B m B O

New Open Save Print Setfings : Add Remove Clear | Symbology Categories Query Prcpe._r.ﬁes Table |

@ o e PN % - = . 42 %
$pp 0 7 s8 S 4 18] & shp shp ] @ s T B
Pan In Out Extent Selected Previous Mext Layer | New Insert Add Remove Copy Paste Merge FErase Erasebeneath Move Rotate Resize Move vertex B =)
NSRS
1t ;
Layers |Too|bm(| ! z
E 4 [ PointSources and Withdrawals _* |
E[ Outlets ) e Y
E Streams 25 — C
E[v Subbasins D
1

[ PermitCompliance System
B[] [ Observed Data Stations

[] Weather Station Sites 2008

[0 nawQa Study Area Unit Bou
E L= Hydrology

E [ National Hydrography Dataset

[ Reach File, V1 ® -
B[] Cataloging UnitCode <&
[ _Accaunting Linit Boundaries ;I
Preview Map 1 x
A
. \
<k T I d
j e ‘»9:" s MapWinGIS, 4.8
.,. sl P )
UTM Zone 18, Northern Hemisphere - | X:323,541.783 Y 4,319,358.604 Meters | Lat: 39.005 Long: -77.038 1z 1960?2| ok

Notes: The Manual Delineator can be used with any existing layer of subbasin polygons. Specify the
existing layer as the ‘Subbasin Layer’ in the Manual Watershed Delineator dialog. Even if the user does
not want to break the existing subbasin polygons into additional pieces, this tool can be used to
calculate the necessary parameters on the subbasins required for use in modeling, given a DEM layer.
The associated stream network can also be calculated given an existing layer of subbasin polygons and a
stream layer such as the NHD.

The user may edit subbasin boundaries using the MapWindow Shapefile Editor tools. Subbasins may
also be combined by using the Combine Selected Subbasins button. After the subbasin boundaries have
been adjusted, the user should use the Calculate Subbasin Parameters and Define Stream Network and
Outlets buttons to compute the necessary layers and parameters for modeling.



Automatic Delineation

When modeling a watershed, it is often necessary to subdivide the hydrologic unit into subbasins in
order to provide a more detailed, higher resolution model of the watershed area.

Basic Automatic Delineation provides an explanation of developing subbasins within an entire 8-digit
HUC.

For more focus on a specific watershed area within an 8-digit HUC for delineation, adding user-defined
outlet points, and for details on additional automatic delineation functionality, see Advanced Automatic
Delineation Functions

Basic Automatic Delineation

Execute the following steps to subdivide a HUC-8 into multiple subwatersheds.

Delineating an 8-Digit HUC

Select the DEM Elevation Model, Cataloging Unit Boundary layer, and Reach File, V1 layer (downloaded
in the previous Building a BASINS Project and Downloading Additional Data lessons) so they are
displayed on the main form.
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Select Watershed Delineation from the Plug-ins menu so that it is active. This will add Automatic and
Advanced TauDEM Functions to the Watershed Delineation menu. As the name implies, the latter
menu option is for advanced MapWindow users (full TauDEM documentation is available online).

Note:
grid as the ba

When choosing whether to use the 30m resolution NED grid or the 100m resolution DEMG

sis for delineating subbasins within a watershed, it is important to consider the

scale of the watershed area. If an entire HUC-8 is being modeled, the DEMG is probably a

better choice

due to performance considerations, while the NED would provide enhanced

detail for significantly smaller watersheds. The same consideration should be given to stream
layers when burning them in.
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Invoke the Automatic Watershed Delineation tool by selecting Automatic from the Watershed
Delineation menu.

|
Watershed Delineation | Shapefile Editor

Automatic
8 Adwvanced TauDEM Functions .-
ke 4 Manual
el Mowver

In the Automatic Watershed Delineation dialog, specify the DEM Layer as the ‘DEM Elevation Model’
(DEMG) already loaded onto the map. Choose a threshold size (10 square miles works nicely for a
demo). Click on the Burn-in Existing Stream Polyline checkbox and select ‘Reach File, V1’ from the pull-
down menu. Then click Run All.



Automatic Watershed Delineation

— Setup and Preprocessing

Elevation Units  Base Elevation Data (DEM) Layer:

|Meters x| |Digital Elevation Mode! (02060006demg)

I¥ Bum-n Bxisting Stream Pohdine

| Reach File, V1

[T Use a Focusing Mask
% lse Cumert View Extents for Mask
" Use Grid or Shapefile for Mask

ISEIE:’: a Mask Grd or Polygon Shapefile or Use Bdtents

Draw Mask Select Mask [ Selected

lse Edsting Intermediate Files Run |
— Metwork Delineation by Threshaold Method
5036 Hof Cells 10.0000 5q. mi -
lse Edsting Intermediate Files Run

— Custom Outlet/Inlet Defintion and Delineation Completion
[T Use a Custom Qutlets/Inlets Layer

ISEIE:’[ a Point Shapefile, then Select or Draw Outlets/Inlets

Draw Outlets/Inlets | Select Outlets/Inlets 0 Selected

Snap Preview | Snap Threshold |3'I]'I]'

MNumber of processes I ™ Show TauDEM output

Advanced Settings

Cloze

Run Al




Note: By selecting Burn-in Existing Stream Polyline option we are specifying a reach file on which the
new delineation reach file (created with the automatic delineation tool) will be based.

During processing you will see status messages at the bottom of the map window, informing you of

things such as ‘Pit Fill’, ‘D8’, ‘D8 Flow Directions’, etc. When processing is completed you will see the
Watershed and Stream Reach Shapefiles on the map.
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Note: The Starting HSPF tutorial continues from this point. You may wish to proceed to that tutorial

or continue with the Advanced Automatic Delineation tutorial to learn about more features
within the Automatic Delineation tool.




Advanced Automatic Delineation Functions

Often a user’s study area includes only a small portion of an 8-digit HUC. In many cases a user wishes to
delineate to a specific point on a stream, such as a USGS gage. This section provides details for
performing these operations through the BASINS Automatic Delineation tools.

Delineating a Portion of an 8-Digit HUC

First, we will delineate subbasins only with a small portion of the 8-digit HUC. To minimize confusion,
remove the ‘Watershed Shapefile’ and the ‘Stream Reach Shapefile’ from the previous delineation from
the map, and the ‘Streams’, ‘Subbasins’, and ‘Outlets’ shapefiles if they are present. The only layers that
should be active are Cataloging Unit Boundaries, DEM Elevation Model, and State Boundaries.

Zoom in on a small portion of the 8-digit HUC, as shown below.
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Your map view should look something like the following:
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Now start the Automatic Delineation tool again. Choose the ‘DEM Elevation Model’ as the Base DEM.
Turn on the burn-in option and choose the NHD layer as the layer to burn-in (remember that the NHD is
a more detailed hydrography dataset than the Reach File). This time we will turn on the check box
labeled Use a Focusing Mask . We have the option of digitizing the polygon within which we want to
delineate, choosing an existing map layer within which we want to delineate, or using the current map
extents. Select the radio button next to Use Current View Extents for Mask . Click the Run button
within the Setup and Preprocessing frame. The setup and preprocessing with take a few moments.



Automatic Watershed Delineation

— Setup and Preprocessing

Elevation Units  Base Elevation Data (DEM) Layer:
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— Custom Outlet/Inlet Defintion and Delineation Completion
[T Use a Custom Qutlets/Inlets Layer

ISEIE:’[ a Point Shapefile, then Select or Draw Outlets/Inlets

Draw Outlets/Inlets | Select Outlets/Inlets 0 Selected

Snap Preview | Snap Threshold |3'I]'I]'

Mumber of processes |1 ™ Show TauDEM output

Advanced Settings

Cloze
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Note: By selecting Burn-in Existing Stream Polyline option we are specifying a reach file on which the
new delineation reach file (created with the automatic delineation tool) will be based.

Once the setup and preprocessing has completed set the delineation threshold to 4 square miles. Click
the Run button within the Delineation by Threshold Method frame.



Automatic Watershed Delineation

— Setup and Preprocessing

Elevation Units  Base Elevation Data (DEM) Layer:

|Meters x| |Digital Elevation Mode! (02060006demg)

I¥ Bum-n Bxisting Stream Pohdine

| National Hydrography Dataset 02060006

¥ Use a Focusing Mask
% lse Cumert View Extents for Mask
" Use Grid or Shapefile for Mask

ISEIE:’: a Mask Grd or Polygon Shapefile or Use Bdtents

Draw Mask Select Mask [ Selected

lse Edsting Intermediate Files Run |
— Metwork Delineation by Threshaold Method
2014 Hof Cells |4 5q. mi -
lse Edsting Intermediate Files Run

— Custom Outlet/Inlet Defintion and Delineation Completion
[T Use a Custom Qutlets/Inlets Layer

ISEIE:’[ a Point Shapefile, then Select or Draw Outlets/Inlets
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When the delineation is complete you will see the new stream reach shapefile on the map.
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Now before selecting an outlets layer we will compute the subbasins. Leave the Use a Custom
Outlet/Inlets Layer box unchecked. Click the Run button within the Custom Outlet Definition and
Delineation Completion frame. The subbasins will be computed and drawn on the map.
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Delineating to a Point on a Stream

Very often in watershed modeling a user wishes to delineate to a particular point on a stream
corresponding to the location of a flow gage. The following steps provide the sequence necessary to
delineate to a point on a stream.

Turn on the check box labeled Use a Custom Outlets Layer.



Automatic Watershed Delineation

— Setup and Preprocessing

Elevation Units  Base Elevation Data (DEM) Layer:

|Meters x| |Digital Elevation Mode! (02060006demg)
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Click on the Draw Outlets/Inlets button. The following message will appear, asking if you would like to
create a new outlets layer. You may choose to use an existing outlets layer at this point. For this
tutorial we will choose to create a new outlets layer. Click Yes to create a new outlets layer.

Create new Qutlets /Inlets File?

There is no outets/inlets shapefie selected which can be drawn on, would you lke to create a new outlets/inlets shapefie?

e

You will be prompted to enter the name of the new outlets layer. You may choose any file name; we
chose the name ‘out.shp’ for our outlets layer. Save it in the same folder. Focus will return to the map.
Click on two points on the map where you want to add outlets, such as the points shown below.
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When finished click Done in the small window below.

Click Done to Return g

Click to place outlets or inlets on
or near a stream reach.

f Outlets " Inlets
™ Reservoir Qutlet ™ Foint Source

Done I

Notice that our outlets layer is now specified as the custom outlets layer. We could change the snap
threshold to adjust the snapping tolerance with which the program will look for a stream segment near
each specified outlet. We will leave that threshold at 300, indicating that an outlet within 300 meters



(the distance unit BASINS project) will be ‘snapped’ to the nearest stream segment. Now click the Run
button within the Custom Outlet Definition and Delineation Completion frame.



Automatic Watershed Delineation

— Setup and Preprocessing
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The results of the delineation are shown below. Notice that we have delineated subbasins only above
the two specified outlet points.
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Frequently Asked Questions

Frequently Asked Questions (FAQs)

e Installation

e Dol need to have administrator privileges to install BASINS?

e Getting Started
e How do | start a project? (or take the Tutorial)
e How do | use MapWindow?

e What are the differences between MapWindow and ArcView?

e GIS Tasks

e How do | change symbolization of a shapefile?

e How do | select or deselect features?

e What s the difference between Reach Files and the National Hydrography Dataset (NHD)?

e How do | import other shapefiles?

e Other

e How do | open the Welcome window?

e Are there keyboard shortcuts in MapWindow?

e  Why can’t | find something in the Analysis menu?

e What happened to insert BASINS 3.1 tool here?



Administrator Privileges

Do | need to have administrator privileges to install BASINS?

Yes, depending upon the security settings of the individual computer.

Missing Menu Options

Why is a menu option missing?

e The Plug-ins associated with the menu option is not turned on.

Select Features

How do | select and deselect features?

e On the main BASINS toolbar, click the select icon: Tk

e C(Click on the layer name in the Legend containing the features you wish to select.
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e Then, click any features on the current MapWindow project to select them.
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e To select more than one feature, hold down the CTRL key while clicking.
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o To deselect a feature that is already selected, hold the CTRL key while clicking on the feature again.

Import Shapefiles
Users can either import BASINS data that comes with the BASINS software (also detailed in the
tutorial), or import their own additional GIS layers (e.g., a study area boundary). Users can import
their own shapefile layers using the ‘Add layer’ tool.

e From the Layer menu on the main BASINS window, select Add Layer, or click the Lﬂ button.

o Navigate to the desired layer and click Open.

o The layer will be added to the Legend and turned on.
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Appendix A - GIS Data Dictionary

BASINS is distributed as a downloadable software installation package. When installed, the software
links to internet sources of geographic and environmental data for each 8 digit HUC. The BASINS Data
Download tool downloads and extracts data that facilitate watershed analysis and modeling. Some of
the data downloaded using this tool have been preprocessed for use in BASINS. These data provide a
starting point for watershed analysis, but users are encouraged to add additional data sets where locally
derived data may be at a higher resolution or compiled more recently. Other data that can be
downloaded using the Data Download tool have not been preprocessed and are extracted directly from
the agency responsible for collecting the data. Section A.1 shows, in alphabetical order, all the
preprocessed BASINS data products with the corresponding layer and related file names that are used to
reference the data within the BASINS GIS environment. Section A.2 contains tables listing all field
attributes within each data product and their data definitions. More detailed documentation following
the Federal Geographic Data Committee (FGDC) metadata standard is available from EPA’s National
Geospatial Program at http://www.epa.gov/geospatial and https://www.epa.gov/ceam/basins-

metadata

A.1 BASINS Preprocessed Data Products

BASINS Data Product

Layer Name

File Name

Bacteria Monitoring Stations
& Data Summaries Related
Table Names:

Census

Bacteria Stations Bacteria Data 70-
74 Bacteria Data 75-79 Bacteria
Data 80-84 Bacteria Data 85-89
Bacteria Data 90-94 Bacteria Data
95-97 Bacteria Parameter Table

2002 Tiger Nonvisible Feature
2002 Tiger Physical Feature 2002
Tiger Landmark 2000 Block Group
1990 Block Group 2000 County
1990 County 2000 Place 1990
Place 2000 Tract 1990 Tract 2000
Zip Code

bac_stat.dbf bac_stat.shp
bac_stat.shx bc_d7074.dbf
bc_d7579.dbf bc_d8084.dbf
bc_d8589.dbf bc_d9094.dbf
bc_d9597.dbf bc_parm.dbf

(cu)_tgr_f.dbf (cu)_tgr f.shp
(cu)_tgr f.shx (cu)_tgr_e.dbf
(cu)_tgr_e.shp (cu)_tgr_e.shx
(cu)_tgr_d.dbf (cu)_tgr d.shp
(cu)_tgr_d.shx (cu)_tgr bg00.dbf
(cu)_tgr_bg00.shp
(cu)_tgr_bg00.shx
(cu)_tgr_bg90.dbf
(cu)_tgr_bg90.shp
(cu)_tgr_bg90.shx
(cu)_tgr_co00.dbf
(cu)_tgr_co00.shp
(cu)_tgr_co00.shx
(cu)_tgr_co90.dbf
(cu)_tgr_co90.shp
(cu)_tgr_co090.shx
(cu)_tgr_pl00.dbf
(cu)_tgr_pl00.shp




Digital Elevation Model
Shape

Digital Elevation Model Grid

EPA Regions

EPA Ecoregions

Hydrologic Unit Boundaries

Land Use and Land Cover

Legacy STORET

Lookup Tables Related Table
Names:

Major Roads
Managed Area Database

National Elevation Dataset
Grid

National Hydrography

DEM (CU)

DEM (CU-demg)

EPA Region Boundaries

Ecoregions (Level lll)

Accounting Unit Boundaries
Cataloging Unit Boundaries
Cataloging Unit Codes

Land Use Index L_(USGS
Quadrangle Name)

Legacy STORET Stations L_(USGS
Quadrangle Name)

Water Quality Criteria Table State
Agency Codes Standard Industrial
Classification Codes

Major Roads
Managed Area Database

National Elevation Dataset (CU-
ned)

National Hydrography Dataset CU

(cu)_tgr_pl00.shx
(cu)_tgr_pl90.dbf
(cu)_tgr_pl90.shp
(cu)_tgr_pl90.shx
(cu)_tgr_tr00.dbf
(cu)_tgr_tr00.shp
(cu)_tgr_tr00.shx
(cu)_tgr_tr90.dbf
(cu)_tgr_tr90.shp
(cu)_tgr_tr90.shx
(cu)_tgr_zt00.dbf
(cu)_tgr_zt00.shp
(cu)_tgr_zt00.shx

(cu).dbf (cu).shp (cu).shx

(cu)demg.tif

epa_reg.dbf epa_reg.shp
epa_reg.shx

ecoreg.dbf ecoreg.shp ecoreg.shx

acc.dbf acc.shp acc.shx cat.dbf
cat.shp cat.shx catpt.dbf catpt.shp
catpt.shx

lulcndx.dbf lulcndx.shp lulcndx.shx
|_(quad).dbf|_(quad).shp
|_(quad).shx

(cu)_Istoret.dbf (cu)_Istoret.shp
(cu)_Istoret.shx

wqcriter.dbf storetag.dbf sic.dbf

fhards.dbf fhards.shp fhards.shx
mad.dbf mad.shp mad.shx

(cu)ned.tif

nhd\(cu).dbf nhd\(cu).shp




Dataset

National Water Quality
Assessment Study Unit
Boundaries

Permit Compliance System
(PCS) Sites and Computed
Loadings Related Table
Names:

Reach File, Version 1 (RF1)

State and County Boundaries

State Soil and Geographic
(STATSGO) Database Related
Table Names:

Transportation

Urbanized Areas

Meteorological Data

NAWQA Study Unit Boundaries

Permit Compliance System
Permitted Discharges Parameter
Table Permitted Discharges (cu)

Reach File, V1

State Boundaries County
Boundaries County Names

State Soil Soil Component Data
Soil Layer Data

2002 Tiger Provisional 2002 Tiger
Misc Ground 2002 Tiger Railroad
2002 Tiger Road

Urban Area Boundaries Urban
Area Names

Weather Station Sites 2009
Related Data:

nhd\(cu).shx

nawdqa.dbf nawqga.shp nawqga.shx

pcs3.dbf pcs3.shp pes3.shx
pcs3_prm.dbf (cu).dbf

rfl.dbf rfl.shp rfl.shx

st.dbf st.shp st.shx cnty.dbf
cnty.shp cnty.shx cntypt.dbf
cntypt.shp cntypt.shx

statsgo.dbf statsgo.shp statsgo.shx
statsgoc.dbf statsgol.dbf

(cu)_tgr_p.dbf (cu)_tgr_p.shp
(cu)_tgr_p.shx (cu)_tgr_c.dbf
(cu)_tgr_c.shp (cu)_tgr_c.shx
(cu)_tgr_b.dbf (cu)_tgr_b.shp
(cu)_tgr_b.shx (cu) tgr a.dbf
(cu)_tgr_a.shp (cu)_tgr_a.shx

urban.dbf urban.shp urban.shx
urban_nm.dbf urban_nm.shp
urban_nm.shx

met.dbf met.shp met.shx
met.wdm

A.2 BASINS Data Product’s Fields and Definitions

Data Product: Bacteria Monitoring Stations & Data Summaries

Layer Name: Bacteria Stations

Field Name  Description

SHAPE_ID

MapWindow internal field

ID BASINS assigned unique identifier based on station and agency codes




STATION station code
AGENCY agency code

LOCATION description of location

Cu cataloging unit code

SEG Reach File, V1 segment number
MILEP Reach File, V1 mile point
ONOFF on/off reach indicator

COUNTY county name

STFIPS state FIPS code

STATE state postal abbreviation

LONG longitude

LAT latitude

TYPE station type

STCOFIPS state and county FIPS code
BACID BASINS assigned number

BCU BASINS assigned cataloging unit

Data Product: Bacteria Monitoring Stations & Data Summaries

Related Table Name: Bacteria Data 70-74,75-79,80-84,85-89, 90-94,95-97

Field Name Description

ID BASINS assigned unique identifier based on station and agency codes
STATION station code

AGENCY agency code

BACID BASINS assigned number

PARAMETER  EPA STORET parameter code




NO OBS
MEAN
A15TH_P
A25TH_P
AS0TH_P
A75TH_P
A85TH_P
STD

BCU

number of observations
mean value

15th percentile value
25th percentile value
50th percentile value
75th percentile value
85th percentile value
standard deviation

BASINS assigned cataloging unit

Data Product: Bacteria Monitoring Stations & Data Summaries

Related Table Name: Bacteria Parameter Table

Field Name Description

PARM_CODE EPA STORET parameter code
PARM_NAME  parameter name

UNITS units

SAMPLE_TYP sample type

UP_REF_LVL upper reference level
LW_REF_LVL lower reference level
UNKNOWN type of standard
REF_LVLSRC reference level source

Data Product: Digital Elevation Model Shape

Layer Name: DEM (CU)

Field Name

Description




SHAPE_ID
ELEV_M

ELEV_FT

MapWindow internal field
land surface elevation in meters

land surface elevation in feet

Data Product: Digital Elevation Model Grid

Layer Name: DEM (CU-demg)

Field Name

Description

GRIDCODE

Elevation in meters

Data Product: EPA Regions

Layer Name: EPA Regional Boundaries

Field Name Description

SHAPE_ID MapWindow internal field

AREA area of polygon in map units

PERIMETER perimeter of polygon in map units
EPA_REG_ Arcinfo internal field

EPA_REG_ID  ArcInfo internal field

EPAREG U.S. EPA region number

LABEL_REG U.S. EPA region number (Roman numeral)

Data Product: EPA Ecoregions

Layer Name: Ecoregions (Level 1lI)

Field Name  Description
SHAPE_ID MapWindow internal field
AREA area of polygon in map units




PERIMETER
ECOREG_
ECOREG_ID
ECO

Name

perimeter of polygon in map units
Arcinfo internal field

ArclInfo internal field

EPA Ecoregion number

EPA Ecoregion name

Data Product: Hydrologic Unit Boundaries

Layer Name: Accounting Unit Boundaries

Field Name  Description

SHAPE_ID MapWindow internal field

AREA area of polygon in map units
PERIMETER  perimeter of polygon in map units
ACC_ Arcinfo internal field

ACC_ID Arcinfo internal field

ACC accounting unit number

NAME name of accounting unit

Data Product: Hydrologic Unit Boundaries

Layer Name: Cataloging Unit Boundaries

Field Name  Description

SHAPE_ID MapWindow internal field

AREA area of polygon in map units
PERIMETER  perimeter of polygon in map units
TMP_B_ Arcinfo internal field

TMP_B_ID

ArcInfo internal field




CAT_
CAT_ID
PLYTYPE
HUC
WORKB
ACC_UNIT
cu

BEXT

CRS1

ArclInfo internal field

Arcinfo internal field

polygon type

cataloging unit code (numeric)
disregard data element
accounting unit code
cataloging unit code (character)
BASINS internal field

BASINS internal field

Data Product: Hydrologic Unit Boundaries

Layer Name: Cataloging Unit Codes

Field Name  Description

SHAPE_ID MapWindow internal field
AREA area of polygon in map units
PERIMETER  perimeter of polygon in map units
CAT_ MapWindow internal field
CAT_ID disregard data element

HUC cataloging unit code (numeric)
ACC accounting unit code

NAME name of cataloging unit

Cu cataloging unit code (character)
BEXT BASINS internal field

CRS1 BASINS internal field

Data Product: Land Use and Land Cover



Layer Name: Land Use Index

Field Name Description
SHAPE_ID MapWindow internal field
AREA area of polygon in map units

PERIMETER perimeter of polygon in map units
LULCNDX# _ MapWindow internal field
LULCNDX# | disregard data element

COVERNAME  coverage name

COVNAME alternate coverage name
QNAME guadrangle name
EPA_REG U.S. EPA region number

CREATE_DAT  date coverage was created
VERIFY_DAT date coverage was verified

COMMENT1 comments concerning the coverage

Data Product: Land Use and Land Cover

Layer Name: L_(USGS Quadrangle Map Name, e.g., L_ BANGME)

Field Name Description

SHAPE_ID MapWindow internal field

AREA area of polygon in map units
PERIMETER  perimeter of polygon in map units
L_(QUAD) _ MapWindow assigned polygon ID
L_(QUAD)_I  disregard data element

LUCODE Anderson level | land use code

LEVEL2 Anderson level Il land use code




Data Product: Legacy STORET

Layer Name: Legacy STORET Stations

Field Name  Description

SHAPE_ID MapWindow internal field
Agency Agency code

Station Station code

Station Na Station name

FIPS Federal information processing standard code
Latitude Latitude in decimal degrees
Longitude Longitude in decimal degrees
HUC Hydrologic unit code

Rchmile Se. Unknown

Miles Up R Unknown

Rchonoff Unknown

Rchname Reach name

Station Al Unknown

Station Ty Station type

Station De Unknown

Depth Unit  Unknown

Surface Gr Unknown

Descriptio Unknown

Data Product: Lookup Tables

Related Table Name: Water Quality Criteria Table

Field Name

Description




PARM_CODE
CAS_NUMBER
PARM_NAME
SAMPLE_TYP
UNITS
FRES_ACUTE
FRES_CHRON
MARI_ACUTE
MARI_CHRON
HHPC_WATER
HHPC_ORGAN
HHRV_WATER
HHRV_ORGAN
DR_WTR_MCL
UNKNOWN

REF_LVL_SRC

EPA STORET parameter code

Chemical Abstract Service number

parameter name

sample type

units

threshold value (standard) for acute freshwater

threshold value (standard) for chronic freshwater

threshold value (standard) for acute marine

threshold value (standard) for chronic marine

threshold value (standard) for human health (published criteria) in water
threshold value (standard) for human health (published criteria) in organic tissue
threshold value (standard) for human health (recalculated value) in water
threshold value (standard) for human health (recalculated value) in organic tissue
drinking water maximum contaminant level

Related unknown

reference level source

Data Product: Lookup Tables

Related Table Name: STORET Agency Codes

Field Name  Description
AGENCY agency code
PROGRAM name of program
CONTACT contact person
PHONE telephone number

Data Product: Lookup Tables



Related Table Name: Standard Industrial Classification Codes

Field Name Description
SIC_1987 1987 Standard Industrial Classification (SIC) code
SIC_NAME SIC name

NAICS_1997 1997 North American Industry Classification System (NAICS) code

NAICS_NAME  NAICS name

Data Product: Major Roads

Layer Name: Major Roads

Field Name  Description

SHAPE_ID MapWindow internal field

FNODE_ Arclnfo internal field
TNODE_ Arclnfo internal field
LPOLY_ Arclnfo internal field
RPOLY_ Arcinfo internal field
LENGTH length of line segment in coverage units
FHARDS _ Arclnfo internal field

FHARDS_ID  ArciInfo internal field

RECTYPE character which defines type of file from dataset

VERSION file version number

RECID unique line identification number

SOURCE flag used to identify original source of coordinate information
STFIPS two-digit state FIPS code

CTFIPS three-digit county FIPS code

ORNL_ID Oakridge National Laboratory assigned identifier




LGURB

SMURB

FNODE

TNODE

SIGN1

SIGN2

SIGN3

LNAME

MILES

KM

FACTYPE

TOLL

LANES

ACONTROL

MEDIAN

SURFACE

FCLASS

ACLASS

RUCODE

STATUS

NHS

STRAHNET

TRANSAM

large urbanized area

adjusted small urban area

record in node file that corresponds to starting position of link

record in node file that corresponds to ending position of link
primary sign route

alternate sign route

alternate sign route

name or identification for the link

accurate measurement in miles of link chain

accurate measurement in kilometers of link chain
permissible flow of traffic over the link

links with one or more toll features

number of lanes in both directions

degree of access control to link from adjoining roads

type of median

predominant surface

assigned functional class of each link

administrative class associated with the link

rural/urban classification

availability of link to through traffic

subnetwork for proposed National Highway System

special subnetwork for Strategic Highway Corridor Network

special subnetwork for the Trans-America Corridor

Data Product: Managed Area Database

Layer Name: Managed Area Database



Field Name

Description

SHAPE_ID MapWindow internal field

AREA degenerate area of point in map units

PERIMETER degenerate perimeter of point in map units

MAD_POLY_ID  ArcInfo internal field

MAD_POLY_ID  ArcInfo internal field

SITE_CODE unique number for each area for database relations

SITE_CODE?2 unique number for each area for database relations

SITE_CODE3 unique number for each area for database relations

AREANAME proper name of each managed area represented

AREANAME?2 alternate name of each managed area represented

AREANAMES3 alternate name of each managed area represented

CMCCODE unused WCMC variable

LAT latitudinal location

LONG longitudinal location

ISLATLON unused WCMC variable

DESIGNATE designation type for each managed area

DESIGNATE2 designation type for each managed area

DESIGNATE3 designation type for each managed area

LUCNCAT code used by WCMC representing level of protection status for each designation type
LUCNCAT2 code used by WCMC representing level of protection status for each designation type
LUCNCAT3 code used by WCMC representing level of protection status for each designation type
GAPCAT level of management based on GAP program

GAPCAT2 level of management based on GAP program

GAPCAT3 level of management based on GAP program




SIZE

YEAR

REALM

PROVINCE

BIOME

STATE

SOURCE

AVSORT

area size as published by WCMC

year of area establishment as published by WCMC
unused WCMC variable

unused WCMC variable

unused WCMC variable

state in which area is located

map source where the polygon borders were taken

condensed list of management designations

Data Product: National Elevation Dataset Grid

Layer Name: National Elevation Dataset

Field Name

Description

GRIDCODE

Elevation in centimeters

Data Product: National Hydrography Dataset

Layer Name: National Hydrography Dataset CU

Field Name  Description

SHAPE_ID MapWindow internal field

RCH_ Internal field

RCH_ID Internal field

COM_ID Common identifier

RCH_CODE  Numeric code that uniquely identifies a reach
RCH_DATE Date that the RCH_CODE was assigned

LEVEL Stream level

METERS Reach length in meters




GNIS_ID Unique ID assigned by Federal GNIS
NAME Reach name
RCHID Reach ID

DSRCHID Downstream Reach ID

Data Product: National Water Quality Assessment Study Unit Boundaries

Layer Name: NAWQA Study Unit Boundaries

Field Name Description

SHAPE_ID MapWindow internal field

AREA area of polygon in map units
PERIMETER perimeter of polygon in map units
NAWQA_DD_ Arclnfo internal field

NAWQA _DD_ID  Arcinfo internal field

NAWQA NAWQA study unit number

NAME river basin name

GROUP group number

PILOT pilot code

ABBV river basin name abbreviation

CANADA code to designate study units that crosses Canadian boundary

MI2 area in square miles

RANK rank

REGION region designation (northeastern, southeastern, central, western US)

Data Product: PCS Sites and Computed Loadings

Layer Name: Permit Compliance System



Field Name

Description

SHAPE_ID
NPDES
FAC_NAME
OWNERSHIP
NEW_STATUS
STREAM_CLS
NEW_DATE
PRETREAT
FAC_UPDATE

REC_POTW

PCS_LAT
PCS_LONG
LATLONG_AC
EF_LAT
EF_LONG
EF_ACC_M
BLAT

BLONG

BFIPS
STATE_ID

PERM_TYPE

ACTIVE

MAJOR_ID

MapWindow internal field

PCS unique ID copied from attribute ID

name of the facility or site

three-digit code describing ownership classification

New Source/New Discharge, indicates a new facility with no previous discharge permit
facility Receiving Stream Classification

new source/new discharge date (mmddyy)

indicates if the permitted municipality is required to develop a pretreatment program
facility last update date (mmddyy)

receiving POTW ID - Municipal POTWs that receive discharge from Industrial Users to
be monitored by PPETS

latitude, from PCS database, of facility, site, or operable unit

longitude, from PCS database, of facility, site, or operable unit

technical accuracy of the latitude and longitude data

latitude based on data from USEPA’s Envirofacts Locational Reference Tables (LRT)
longitude based on data from USEPA’s Envirofacts Locational Reference Tables (LRT)
technical accuracy of latitude and longitude data in meters

latitude based on best available data

longitude based on best available data

FIPS (state and county code) on best available data

State Permit Number to identify or classify the state’s permit

identifies standard permits, general permit, and non-permitted National Pollutant
Discharge Elimination System (NPDES) facilities

code which indicates whether facility is currently active

major or minor discharger code




SIC2

SIC2D
IND_CLASS

EPA_REG

STATE

CITY
COUNTY
LOC_NAME
ADDRESS1
ADDRESS2
FAC_CITY
FAC_STATE
ZIP_CODE
TELE
RIV_BASIN

Cu

STREAM_SEG

REC_WATER

STREAM_MIL

PERM_AGENC

LIMIT_ID

four-digit code for the principal activity causing the discharge at the facility as defined
by the 1987 Standard Industrial Classification (SIC) Manual

description of SIC code
industrial classification of the facility

two-digit code, 01 through 10, used to identify the EPA Region in which the facility is
located

two-character alphabetic state code as defined by the Federal Information Processing
Standards (FIPS)

name of city or town where facility is located

name of county where facility is located

name of entity located at the facility’s physical address
street address of entity

street address of entity

name of the mailing city or town of the facility

state or territory code in which the facility is physically located
zip code of the address of the physical location of the facility
telephone number of the facility

major/minor river basin name

facility Hydrologic Unit Code - 8-digit code assigned USGS

four-character code assigned for facilities by EPA to identify stretches of water from
one significant event to another, where significant event represents the mouth of a
body of water, the confluence of two streams, etc

name of water body into which the effluent is discharged

five-character field giving the length of a particular facility stream segment in miles
downstream from the beginning of the stream segment

type of Permit issued - indicator whether EPA or state

facility is considered to be on final effluent limits when the permittee has completed
all necessary construction to achieve the ultimate effluent limitation in the permit
reflecting secondary treatment, best practicable control technology (BPT), best
available technology (BAT), or more stringent limitations, such as state required




BSOURCE
FLOW_RATE
BSEG
PERM_ISSUE
INACTIVE
PERMIT_DAT
PERMIT_EXP
PERMIT_EFF
PERMIT_MOD
BCU
EFF_GUIDE

MAJOR_STAT

APP_TYPE

limitations or water quality-based limitations, or less stringent limitations established
by a variance or a waiver

source of LAT/LONG data, either EF or PCS

average flow facility designed to accommodate in million gallons/day
three-digit stream segment identifier

date (mmddyy) current permit was issued/signed

date (mmddyy) on which facility become inactive or active

date (mmddyy) current permit was issued/signed

date (mmddyy) current permit will expire

permit effective date (mmddyy)

permit modification date (mmddyy)

cataloging unit assigned from ArcView spatial join with USGS CU
Effluent Limitation Guidelines (ELG) for the facility

previous status - indicates the last change and the current value of the major rating
status

type of application form the facility submit

Data Product: PCS Sites and Computed Loadings

Related Table Name: Permitted Discharges (cu)

Field Name  Description

PARM five digit parameter code - usually the STORET parameter code; however, for toxicity
testing parameters, it is a PCS-devised parameter code

NPDES nine character code used to uniquely identify a permitted NPDES facility

YEAR year for which the loading was reported

CONC concentration of loading (lbs/year)

FLOW conduit based flow at the facility for reported year (MGD)

LOAD estimated loading calculated with remarked data set to detection limit (lb/year)




CONC_FW flow-weighted concentration of loading
ERROR standard error of loadings

MONTH number of months with loadings report

Data Product: PCS Sites and Computed Loadings

Related Table Name: Permitted Discharges Parameter Table

Field Name Description

PARM five-digit parameter code - usually the STORET parameter code; however, for toxicity
testing parameters, it is a PCS-devised parameter

PARM_NAME  parameter name
NUM_NPID number of PCS Facilities that contain this PARM

TOTAL_OBS total number of observations/measurements of this PARM

Data Product: Reach File, Version 1 (RF1)

Layer Name: Reach File, V1

Field Name  Description

SHAPE_ID MapWindow internal field

HUC cataloging unit code
FNODE_ Arcinfo internal field
TNODE_ ArcInfo internal field
LPOLY_ Arcinfo internal field
RPOLY _ Arcinfo internal field
LENGTH Arcinfo internal field
RF1_ Arcinfo internal field
RF1_ID Arcinfo internal field

SEG reach segment number




MILEPT indicates the beginning of the reach

SEQNO reach sequence number

RFLAG reach flag “1” is a stream reach

OWFLAG open water flag “1” is a open water reach
TFLAG terminal reach flag “1” is a terminal reach
SFLAG start reach flag “1” is a start reach

TYPE reach segment type

SEGL length of the reach in miles

LEV reach level order

J reach junction number

K reach divergence number

PMILE path mile

ARBSUM mileage distance upstream from the stream discharge
USDIR upstream reach direction

TERMID terminal stream system ID

TRMBLV terminal base level

PNAME primary reach name

PNMCD primary name code

OWNAME open water name

OWNMCD open water name code

DSHUC downstream cataloging unit number
DSSEG downstream reach segment number
DSMLPT downstream mile point

MNFLOW mean flow in the reach in cfs

SVTNFLOW  seven/ten low flow in the reach in cfs




MNVELO stream velocity in the reach at mean flow in ft/s

SVTNVELO stream velocity in the reach at seven/ten low flow in ft/s

RIVRCH reach number

Cu cataloging unit

DESSEQ downstream segment number

USSEQ upstream segment number

USDIR upstream reach direction (L or R)
DSCSM downstream CU, segment, mile point
CCsSM complement CU, segment, mile point
CDIR complement bank direction

ULCSM upstream left CU, segment, mile point
URCSM upstream right CU, segment, mile point
MDLAT midpoint latitude

MDLONG midpoint longitude

PSNPDAT date of snapshot (yymm); zero if current

PLOWFL stream-only low flow in cfs
PMEANFL stream-only mean flow in cfs
PTOPELE top of reach elevation in feet
PBOTELE bottom of reach elevation in feet
PSLOPE slope: NOT DERIVED from elevations
PDEPTH mean depth (feet)

PWIDTH mean width (feet)

PTEMP mean temperature in Celsius

PPH mean pH

PLOWVEL total low-flow velocity in cfs




PK1

PK2

PK3

PMANN

PSOD

PBGDO

PBGNH3

PBGBODS5

PBGNBOD

CBOD decay rate constant (if known)
reaeration rate constant (if known)
NH3 decay rate constant (if known)
“Roughness” coefficient (if known)
sediment oxygen demand in mg/L
background DO in mg/L

background NH3 in mg/L
background CBOD in mg/L

background NBOD in mg/L

Data Product: State and County Boundaries

Layer Name: State Boundaries

Field Name  Description

SHAPE_ID MapWindow internal field

AREA area of polygon in map units
PERIMETER  perimeter of polygon in map units
ST_ ArclInfo internal field

ST_ID_ ArcInfo internal field

ST state name abbreviation

EPAREG state region

Data Product: State and County Boundaries

Layer Name: County Boundaries

Field Name

Description

SHAPE_ID

MapWindow internal field




AREA
PERIMETER
CNTY_
CNTY_ID
FIPS

ST
CNTYNAME
PLYTYPE
WORKB
STCOFIPS

BEXT

area of polygon in map units
perimeter of polygon in map units
ArclInfo internal field

Arcinfo internal field

county FIPS code

state postal abbreviations

county name

polygon type

BASINS internal field

state and county FIPS code

BASINS internal field

Data Product: State and County Boundaries

Layer Name: County Names

Field Name Description

SHAPE_ID MapWindow internal field
AREA area of polygon in map units
PERIMETER  perimeter of polygon in map units
TMP_B_ Arcinfo internal field
TMP_B_ID ArcInfo internal field

CNTY Arclnfo internal field
CNTY_ID Arcinfo internal field

FIPS county FIPS code

ST state postal abbreviations
CNTYNAME  county name




PLYTYPE polygon type
WORKB BASINS internal field
STCOFIPS state and county FIPS code

BEXT BASINS internal field

Data Product: State Soil and Geographic (STATSGO) Database

Layer Name: State Soil

Field Name  Description

SHAPE_ID MapWindow internal field
AREA area of polygon in map units
PERIMETER  perimeter of polygon in map units

MUID map unit identification symbol created by concatenation of state FIPS code and a three-
digit Arabic number

Data Product: State Soil and Geographic (STATSGO) Database

Related Table Name: Soil Component Data

Field Name Description

MUID map unit identification symbol created by concatenation of state FIPS code and a
three-digit Arabic number

SEQNUM identifies sequence of components in a map unit

MUIDSEQNUM  concatenation of MUID and sequence number

COMPNAME soil series name associated with component or sequence number
S51D soil interpretation record

COMPPCT percentage of the component of the map unit

SLOPEL minimum value for range of slope of a soil component in percent

SLOPEH maximum value for range of slope of a soil component in percent




SURFTEX

ANFLOOD

WTDEPL

WTDEPH

WTKIND

ROCKDEPL

ROCKDEPH

HYDGRP

DRAINAGE

HYDRIC

CLNIRR

CLIRR

PRIMFML

surface layer soil texture using USDA codes

annual flooding frequency

minimum value for range in depth to water table in feet
maximum value for range in depth to water table in feet
type of water table

minimum value for range in depth to bedrock in inches
maximum value for range in depth to bedrock in inches
soil hydrologic group

soil drainage class identifying natural drainage condition of the soil
hydric soil rating

non-irrigated capability class

irrigated capability class

prime farmland classification

Data Product: State Soil and Geographic (STATSGO) Database

Related Table Name: Soil Layer Data

Field Name Description

MUID map unit identification symbol created by concatenation of state FIPS code and a
three-digit Arabic number

SEQNUM identifies sequence of components in a map unit

MIEDSEQNUM  concatenation of MUID and sequence number

S5ID soil interpretation record

LAYERNUM identifies sequence in the soil profile

LAYDEPL depth to upper boundary of soil layer or horizon in inches

LAYDEPH depth to lower boundary of soil layer or horizon in inches

TEXTURE1L USDA soil texture class for specified layer




TEXTURE2

TEXTURE3

KFACT

KFFACT

TFACT

WEG

NO200L

NO200H

CLAYL

CLAYH

LLL

LLH

PIL

PIH

UNIFIED1

UNIFIED2

UNIFIED3

UNIFIED4

AASHTO1

AASHTO?2

AASHTO3

AASHTO4

AWCL

AWCH

BDL

USDA soil texture class for specified layer
USDA soil texture class for specified layer
soil erodibility factor

soil erodibility factor, rock fragments free
soil loss tolerance factor

wind erodibility group

percent passing sieve no. 200-minimum value
percent passing sieve no. 200-maximum value
percent clay-minimum value

percent clay-maximum value

minimum percent liquid limit

maximum percent liquid limit

minimum percent plasticity limit
maximum percent plasticity limit

Unified Engineering Classification (1)
Unified Engineering Classification (2)
Unified Engineering Classification (3)
Unified Engineering Classification (4)
ASSHTO Engineering Classification (1)
ASSHTO Engineering Classification (2)
ASSHTO Engineering Classification (3)
ASSHTO Engineering Classification (4)

low available water capacity (in/in)

high available water capacity (in/in)

low bulk density (g/cc)




BDH high bulk density (g/cc)

OML minimum percent organic matter
OMH maximum percent organic matter
PHL minimum pH value

PHH maximum pH value

SALINL minimum salinity value (mmhos/cm)
SALINH maximum salinity value (mmhos/cm)
SARL minimum sodium absorbtion ratio
SARH maximum sodium absorbtion ratio
CECL lower cation exchange capacity

CECH higher cation exchange capacity
CACO3L minimum percent calcium carbonate
CACO3H maximum percent calcium carbonate
GYPSUML minimum percent sulfate

GYPSUMH maximum percent sulfate

PERML minimum permeability (in/hr)
PERMH maximum permeability (in/hr)
SHRINKSW shrink-swell potential upon drying and wetting

Data Product: Urbanized Areas

Layer Name: Urban Area Boundaries

Field Name Description

SHAPE_ID MapWindow internal field
AREA area of polygon in map units

PERIMETER perimeter of polygon in map units




TMP_B_
TMP_B_ID
POLY_
POLY_ID
RINGS_OK
RINGS_NOK
URBAN_
URBAN_ID

CITYNAME

Arclnfo internal field

ArcInfo internal field

Arcinfo internal field

ArcInfo internal field

Arclnfo internal field

Arclnfo internal field

Arcinfo internal field

Arclinfo internal field

urbanized area name

Data Product: Urbanized Areas

Layer Name: Urban Area Names

Field Name Description

SHAPE_ID MapWindow internal field

AREA area of polygon in map units
PERIMETER perimeter of polygon in map units
TMP_B_ Arcinfo internal field

TMP_B_ID Arcinfo internal field

ANAME _ Arclnfo internal field

UANAME_ID  Arcinfo internal field

UA_CODE unique code for the urbanized area
CITYNAME urbanized area name

Data Product: Meteorological Data

Layer Name: Weather Station Sites 2009



Field Name

Description

SHAPE_ID
DSN
LOCATION
STANAM
LATITUDE
LONGITUDE
CONSTITUENT
STARTDATE
ENDDATE

COUNT

MapWindow internal field

WDM data set position

location code

weather station name

latitude of weather station in decimal degrees
longitude of weather station in decimal degrees
constituent type code

data of first record in WDM file

date of last record in WDM file

count of data values




Appendix B - Weather Data Files (WDM) Distributed Prior to
Version 4.0

Nonpoint source modeling using BASINS requires the development of a Watershed Data Management
(WDM) file. The WDM file is a binary file containing time-series data for all meteorological parameters
required by Hydrological Simulation Program - FORTRAN (HSPF) algorithms. Section B.1 provides a
summary of the general procedure required to develop WDM files. Section B.2 provides a description of
the specific procedures followed during the development of the WDM files provided with BASINS
Version 2.0. Section B.2.1 provides a list of coverages used in the BASINS WDM files development and
Section B.2.2 provides a list of the available weather stations in these files. Note: The WDM files
referenced in this appendix are those distributed with earlier versions of BASINS. These files have been
updated for BASINS 4.0.

B.1 Developing WDM Files

e Obtain meteorological data for the desired period. (See Section B.2 for meteorological data sources
used in the BASINS 2.0 - 3.1 WDM files.) BASINS requires data collected at hourly intervals for
nonpoint source modeling, although daily data can be converted to hourly data through the use of
WDMUil. If all meteorological parameters are not available, WDMU'il can be used to calculate a
number of parameters, including potential evapotranspiration, evaporation, and solar radiation. See
the Meteorological Data Transformations section of the WDMUtil manual for details on
disaggregating daily data to hourly and calculating meteorological parameters. BASINS currently
supports the use of standard U.S. units. The required input data and units are as follows:

Data Description U.S. Units
Measured air temperature deg. F
Measured precipitation in/hr

Measured dewpoint temperature  deg. F

Measured wind movement mph
Measured solar radiation Ly/hr
Cloud cover (range: 0-10) tenths
Potential evapotranspiration in/hr
Potential surface evaporation in/hr

e Using the WDMUtil program, either create a new, or open an existing, WDM file. Using the Import
feature of WDMUtil, read the meteorological data into WDM data sets. For details on these steps
see the Data Access and Selection section of the WDMUtil manual.



Perform quality assurance checks on imported meteorological data. Due to the nature of the HSPF
model, every parameter but measured precipitation must have a value for each record during the

entire time period of the file. For measured precipitation, a value must be present for every hour of
each day precipitation was recorded. If data are missing, appropriate values must be assigned. The
Summarize Data function in WDMU'til identifies and reports missing data values for WDM data sets.

B.2 BASINS WDM Files

WDM files, providing meteorological coverage for the United States and U.S. territories were prepared
for BASINS 2.0 - 3.1 through the following steps:

Data were obtained from the following sources.

Hourly observed precipitation data for the United States and U.S. territories were obtained from the
National Climatic Data Center (NCDC) Hourly and Fifteen Minute Precipitation database, compiled
by Earthinfo, Inc. This four CD-ROM data set contains precipitation data from NCDC’s TD-3240 file.
Included in the database are over 6000 weather stations with recorded precipitation for the general
period of 1948-1995.

Hourly surface observation data for the United States and U.S. territories were obtained from
NCDC’s Solar and Meteorological Surface Observational Network (SAMSON) and Hourly U.S.
Weather Observations 1990-1995 (HUSWO) databases. SAMSON is a three CD-ROM data set
containing both observational and modeled hourly solar radiation data, as well as hourly cloud
cover, drybulb temperature, dewpoint temperature, and wind movement data from 237 NWS
stations for the period of 1961-1990. The HUSWO data set, contained on a single CD-ROM, updates
meteorological data from the SAMSON data set, excluding solar radiation data for the period of
1990-1995.

The remaining parameters potential evapotranspiration, evaporation, and solar radiation (for the
period of 1991-1995) were calculated using METCMP.

A coverage of WDM weather stations for BASINS 2.0 was created in ArcView using latitude and
longitude coordinates from selected weather stations included in NCDC’s Hourly and Fifteen Minute
Precipitation database. These stations, which included the precipitation data, were then assigned
meteorological data from the set of NWS stations available from the SAMSON data set. The
selection of weather stations used to create the WDM station coverage, as well as the assignment of
meteorological data to these stations, was performed in ArcView using an array of GIS coverages.
This was done to provide a spatially distributed coverage of the United States and U.S. territories,
based on information relating to annual rainfall, climatic divisions in the conterminous United
States, completeness of weather station data, elevation, physical divisions in the conterminous
United States, and proximity to NWS stations. A complete list of the ArcView coverages used in the
selection of WDM weather stations is detailed in B.2.2.a. The resulting ArcView coverage consisted
of 477 WDM weather stations for the United States and U.S. territories. This coverage was then
divided by EPA regions. EPA regional coverage included WDM weather stations that closely



bordered the region or were contained within HUCs intersecting the region. A complete list of the
WDM stations is included in B.2.2.b.

e The data were extracted and converted into a sequential time-series format.

e Hourly precipitation data were extracted from the Earthinfo, Inc., NCDC Hourly and Fifteen Minute
Precipitation database by exporting data for individual stations into ASCII tabular formatted files.
These raw data were then preprocessed through a FORTRAN program for conversion to a sequential
file format. Missing precipitation data were assigned appropriate values. A value of 0.0 was normally
used where no reading was available. Preprocessing also included the identification and editing of
rainfall accumulation values within the file. Rainfall accumulation values occurred where hourly
precipitation values for a time period were not recorded. The following assumptions and
corresponding actions refer to rainfall accumulation data.

e [f an accumulation value was recorded for an accumulation period of 24 hours, then the
accumulation value was divided by the number of hours in the period.

e If the resulting hourly value was 0.01 in. and.TXT).
e If the resulting hourly value was.TXT).

e If the resulting hourly value was 2.0 in., then each hour in the accumulation period was given a value
of 0.0 in. The accumulation value is additionally deleted from the record. This prevented the
existence of a large spike precipitation value in the data (which in all situations was 4.0 in. for the
accumulation period). The state code and station identifier number, the accumulation period end
date and hour, accumulation value, number of hours in the accumulation period, and “Calculated
Value > 2.0, Accumulated Value Deleted” were listed in a text file (BASINS\DATA\MET-DATA\.TXT).

e |f an accumulation value was recorded for an accumulation period of > 24 hours, then the
accumulation value was not distributed evenly over the accumulation period.

e If the accumulation value was 24 hrs and Observed Value.TXT).

e |f the accumulation value was 2.0 in., then the value was deleted from the record. The state code
and station identifier number, the accumulation period end date and hour, accumulation value,
number of hours in the accumulation period, and “Accumulation Interval > 24 hrs and Observed
Value > 2 Accumulated Value Deleted” were listed in a text file (BASINS\DATA\MET-DATA\.TXT).

Hourly meteorological data were extracted from NOAA’s Solar and Meteorological Surface
Observational Network (SAMSON) database by exporting the yearly data files for an individual station
from a CD ROM and unzipping them into an ASCII text file. These raw data were then preprocessed
through a FORTRAN program to organize the data into a sequential time-series format, convert the data
into U.S. units, and calculate daily variables required by METCMP for the estimation of Solar Radiation
(for the years 1991-95), Pan Evaporation, and Potential Evapotranspiration.

Hourly data files included:



e ATEM - average hourly air temperature

e  WIND - average hourly wind speed

e SOLR - total hourly solar radiation

e DEWP - average hourly dew point temperature

e CLOU - average hourly cloud cover

Daily data files included:

e  TMAX - maximum daily air temperature

e  TMIN - minimum daily air temperature

e DWND - total daily wind movement

e DSOL - total daily solar radiation

e DPTP - average daily dew point temperature

e DCLO - average daily cloud cover

Due to the nature of the data, missing data was assigned the previously recorded value.

Data conversions included:

e ATEM and DEWP from Cto F
e  WIND from m/s to mph

e SOLR from Wh/m2 to Langleys (calories/cm?2)

Data calculations included:



e TMAX from ATEM
e TMIN from ATEM
e DCLO from CLOU
e DPTP from DEWP
e DSOL from SOLR

e DWND from WIND

WDM files were created using the import capabilities of HSPF. The WDM files allocated 20 data set
fields relating to specific meteorological parameters for each WDM station. The following list displays
data sets and a brief description of the information contained in each data set, for a template WDM file
used to import both hourly and daily data sets for 10 WDM stations.

Data set Fields Dataset Dataset Numbers Description Parameter

1 PREC (12,31,51,...191) hourly precipitation

2 EVAP (12,32,52,...192) hourly evaporation

3 ATEM (13,33,53,...193) hourly temperature

4 WIND (14,34,54,...194) hourly windspeed

5 SOLR (15,35,55,...195) hourly solar radiation

6 PEVT (16,36,56,...196) hourly potential evapotranspiration
7 DEWP (17,37,57,...197) hourly dewpoint temperature
8 CLou (18,38,58,...198) hourly cloud cover

9 TMAX (19,39,59,...199) daily maximum temperature
10 TMIN (20,40,60,...200) daily minimum temperature
11 DWND (21,41,61,...201) daily windspeed

12 DCLO (22,42,62,...202) daily cloud cover

13 DPTP (23,43,63,...203) daily dewpoint temperature




14 DSOL (24,44,64,...204) daily solar radiation

15 DEVT (25,45,65,...205) daily evapotranspiration
16 DEVP (26,46,66,...206) daily evaporation

17 (27,47,67,...207) empty

18 (28,48,68,...208) empty

19 (29,49,69,...209) empty

20 (30,50,70,...210) empty

Once time-series data for precipitation and other meteorological data were imported into WDM file
data sets, additional meteorological time-series data were created. This was done using METCMP
(computer program for meteorological data generation - HSPF). METCMP enables a user to calculate
additional meteorological time-series data required by HSPF algorithms, as well as disaggregate daily
time-series data into hourly time-series data for certain meteorological parameters.

e Daily solar radiation for the period 1991-1995 was computed in METCMP using daily cloud cover
(DCLO) as an input. The daily solar radiation time-series was placed in the DSOL data set. The
METCMP disaggregate function then was used to distribute daily solar radiation into hourly values.
Hourly solar radiation values were placed in the SOLR data set.

e Daily pan evaporation was computed using the Penman Method in METCMP. Required inputs were:
daily maximum (TMAX) and daily minimum (TMIN) temperatures, daily dewpoint temperature
(DPTP), daily wind movement (DWND), and daily solar radiation (DSOL). Daily evapotransporation
was placed in the DEVP data set. Daily evaporation was distributed into hourly values using the
disaggregate function. Hourly evaporation values were placed in the EVAP data set.

e Daily potential evapotranspiration was computed using the Hamon Method in METCMP. Required
inputs were: daily maximum (TMAX) and daily minimum (TMIN) temperatures. Daily
evapotranspiration was placed in the DEVT data set. Daily potential evapotranspiration was
distributed into hourly values using the disaggregate function. Hourly potential evapotranspiration
values were placed in the PEVT data set.



B.2.1 Coverages used in BASINS WDM File Development

e A coverage of cooperative network stations from NCDC's Hourly and Fifteen Minute Precipitation
database data set created using latitude and longitude coordinates. The information in this coverage

includes:
Station ID# a cooperative network index number between 1-9999.
State the state’s 2-digit postal code.
Station name NCDC's assigned station name.
Begin date first month, day, and year of the period of record.
End date last month, day, and year of the period of record.
Elevation meters above sea level (this was converted to feet).
Latitude

in degrees and minutes
(always North) (this was
converted to decimal

degrees).

Longitude in degrees and minutes (always west) (this was converted to decimal
degrees).

Recorded years the number of years with recorded data (there may be gaps).

Percent coverage percent of the days between begin and end dates that have reported
data.

Precipitation data a column denoting the database containing the hourly precipitation
data.

Relate column an empty column reserved for the ID# of the NOAA weather station

containing meteorological data that will be assigned to the station.

o A coverage of National Weather Service stations from NOAA’s Solar and Meteorological Surface
Observation Network (SAMSON) data set created using latitude and longitude coordinates. The
information included in this coverage included:



Station ID#

the stations Weather Bureau Army Navy number.

State

Station name

the state’s 2 digit postal code.

NCDC'’s assigned station name.

Timezone lagged by universal time.

Elevation meters above sea level (this was converted to feet).

Latitude in degrees and minutes (always North) (this was converted to decimal degrees).

Longitude in degrees and minutes (always west) (this was converted to decimal degrees).

Evap data a column denoting the database containing the hourly evaporation data.

Temp data a column denoting the database containing the hourly temperature data.

Wind data a column denoting the database containing the hourly windspeed data.

Solar data a column denoting the database containing the hourly solar radiation data.

Pevt data a column denoting the database containing the hourly potential evapotranspiration
data.

Dew pt data a column denoting the database containing the hourly dew point temperature data.

Cloud data a column denoting the database containing the hourly cloud cover data.

e A coverage of the U.S. state boundaries provided by ESRI on-line ArcData (www.esri.com).

e A coverage of annual precipitation for North America provided by ESRI on-line ArcData

(www.esri.com). This data set was intended as a thematic data layer representing average annual
precipitation, in millimeters per year, for North America.

e A coverage of Climate Divisions provided by the National Climatic Data Center (NCDC). This coverage
was used to display seasonal maps of precipitation and temperature for the conterminous United
States.

e A coverage of Hydrologic Unit Boundaries and Codes provided by the National Climatic Data Center
(NCDC). This data set was used to display drainage basins for the conterminous United States.

e A coverage of Physiographic Divisions in the conterminous United States provided by the National
Climatic Data Center (NCDC). It was automated from Fennemans 1:7,000,000-scale map, “Physical
Divisions of the United States,” which is based on eight major divisions, 25 provinces, and 86
sections representing distinctive areas having common topography, rock types and structure, and
geologic and geomorphic history.


http://www.esri.com/
http://www.esri.com/

e A coverage of average annual runoff in the conterminous United States, 1951-1980 provided by the
National Climatic Data Center (NCDC). This coverage is intended as a thematic data layer
representing average annual runoff, in inches per year, for the conterminous United States.
Appropriate maps of the data can show the geographical distribution of runoff in tributary streams
for the years 1951-80 and can describe the magnitudes and variations of runoff nationwide. The
data was prepared to reflect the runoff of tributary streams rather than in major rivers in order to
represent more accurately the local or small-scale variation in runoff with precipitation and other
geographical characteristics.

B.2.2 BASINS WDM Files Weather Station List

State Sta_# Sta_Name COOP_ID  Lat_dd Long_dd
AK 1 ANCHORAGE WSCMO AP 280 61.1667 -150.017
AK 2 ANNETTE WSO AIRPORT 352 55.0333  -131.567
AK 3 COLD BAY WSO AIRPORT 2102 55.2 -162.717
AK 4 FAIRBANKS WSO AIRPOR 2968 64.8167 -147.867
AK 5 KING SALMON WSO AP 4766 58.6833  -156.65
AK 6 MCGRATH WSO AIRPORT 5769 62.9667 -155.617
AK 7 ST PAUL ISLAND WSO A 8118 57.15 -170.217
AK 8 YAKUTAT WSO AIRPORT 9941 59.5167 -139.667
AL 1 ABBEVILLE 1 NNW 8 31.5833  -85.2833
AL 2 BIRMINGHAM FAA ARPT 831 33.5667 -86.7

AL 3 DADEVILLE 2 2124 32.8333 -85.75




AL

AL

AL

AL

AL

AL

AL

AR

AR

AR

AR

AR

AR

AR

AR

AR

AR

AZ

AZ

AZ

AZ

AZ

AZ

AZ

AZ

HALEYVILLE

HUNTSVILLE WSO AP

JACKSONVILLE

MOBILE WSO ARPT

MONTGOMERY WSO ARPT

THOMASVILLE

TUSCALOOSA OLIVER DA

ALUM FORK

BATESVILLE LIVESTOCK

BULL SHOALS DAM

CLARKSVILLE 6 NE

EUREKA SPRINGS 3 WNW

FORT SMITH WSO AIRPO

MENA

MILLWOOD DAM

MONTICELLO 3 SW

STUTTGART 9 ESE

AJO

COCHISE 4 SSE

FLAGSTAFF AP

KEAMS CANYON

PAYSON

PHOENIX AIRPORT

TUCSON WSO AP

TUWEEP

3620

4064

4209

5478

5550

8178

8385

130

458

1020

1457

2356

2574

4756

4839

4900

6920

80

1870

3010

4586

6323

6481

8820

8895

34.2333

34.65

33.8167

30.6833

32.3

31.9167

33.2167

34.8

35.8333

36.3667

35.5333

36.4167

35.3333

34.5667

33.6833

33.6

34.4667

32.3667

32.0667

35.1333

35.8167

34.2333

33.4333

32.1333

36.2833

-87.6333

-86.7833

-85.7667

-88.25

-86.4

-87.7333

-87.6

-92.85

-91.7667

-92.5667

-93.4

-93.7833

-94.3667

-94.2667

-93.9833

-91.8

-91.4167

-112.867

-109.9

-111.667

-110.2

-111.333

-111.983

-110.933

-113.067




AZ

AZ

CA

CA

CA

CA

CA

CA

CA

CA

CA

CA

co

co

co

co

co

co

co

co

co

co

CcT

cT

CcT
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WHITERIVER 1 SW

YUMA WSO AP
BAKERSFIELD AP

BLUE CANYON

EUREKA WFO WOODLEY |
FRESNO AIR TERMINAL
LOS ANGELES WSO ARPT
SACRAMENTO FAA ARPT
SAN DIEGO WSO AIRPOR
SAN FRANCISCO WSO AP
SANTA MARIA WSO ARPT
YOSEMITE PARK HDQTRS
AKRON 4 E

ALAMOSA WSO AP
BOULDER 2

COLORADO SPRINGS WSO
GRAND JUNCTION WSO A
KIM 15 NNE

NUNN

PUEBLO WSO AP
SUGARLOAF RESERVOIR
TELLURIDE 4 WNW
BRIDGEPORT SIKORSKY
HARTFORD BRADLEY AP

JEWETT CITY

9271

9660

442

897

2910

3257

5114

7630

7740

7769

7946

9855

109

130

843

1778

3488

4538

6023

6740

8064

8204

806

3456

3857

33.8167

32.6667

35.4333

39.2833

40.8

36.7833

33.9333

38.5167

32.7333

37.6167

34.9

37.75

40.15

37.45

40.0333

38.8167

39.1

37.45

40.7

38.2833

39.25

37.95

41.1667

41.9333

41.6333

-109.983

-114.6

-119.05

-120.7

-124.167

-119.717

-118.4

-121.5

-117.167

-122.383

-120.45

-119.583

-103.15

-105.867

-105.283

-104.717

-108.5

-103.317

-104.783

-104.5

-106.367

-107.867

-73.1333

-72.6833

-71.9




CT

DE

DE

FL

FL

FL

FL

FL

FL

FL

FL

FL

FL

GA

GA

GA

GA

GA

GA

GA

GA

GA

GA

HI

HI

THOMASTON DAM

GEORGETOWN 5 SW

WILMINGTN NEW CASTLE

DAYTONA BEACH REG AP

JACKSONVILLE INTL AP

KEY WEST INTL ARPT

MIAMI INTL ARPT

NICEVILLE

ORTONA LOCK 2

RAIFORD STATE PRISON

TALLAHASSEE MUNI AP

TAMPA INTL ARPT

W PALM BEACH INTL AP

ATHENS MUNI AP

ATLANTA HARTSFIELD

AUGUSTA BUSH FIELD

CALHOUN EXP STATION

COLUMBUS METRO AP

DAHLONEGA 3 NNW

EDISON

JESUP

MACON LEWIS B WILSON

SAVANNAH INTL AP

HILO WSO AP 87

HONOLULU WSFO AP 703

8330

3570

9595

2158

4358

4570

5663

6240

6657

7440

8758

8788

9525

435

451

495

1474

2166

2479

3028

4671

5443

7847

1492

1919

41.7

38.6333

39.6667

29.1833

30.4833

24.55

25.8

30.5167

26.7833

30.0667

30.3833

27.9667

26.6833

33.95

33.65

33.3667

34.4833

32.5167

34.5833

31.5667

31.6167

32.7

32.1333

19.7167

21.3333

-73.05

-75.45

-75.6

-81.05

-81.7

-81.75

-80.3

-86.5

-81.3

-82.1833

-84.3667

-82.5333

-80.1167

-83.3167

-84.4333

-81.9667

-84.9667

-84.95

-84

-84.7333

-81.8833

-83.65

-81.2

-155.067

-157.917




HI

HI

HI

HI

HI

HI

HI

HI

KAHULUI WSO AP 398

KANALOHULUHULU 1075

KEAIWA CAMP 22.1

KUALAPUU 534

LALAMILO FLD OF 191.

LIHUE WSO AP 1020.1

PAAKEA 350

PUNALUU PUMP 905.2

CENTERVILLE

DES MOINES AP

IRWIN 3 ESE

LARRABEE

LENOX

MCGREGOR

MOUNT PLEASANT 1 SSW

ST ANSGAR

SIOUX CITY AP

WATERLOO WSO AP

BOISE WSFO AIRPORT

CALDER

CASCADE 1 NW

FENN RANGER STATION

GOODING 1S

GRASMERE 3 S

LEADORE

2572

3099

3925

4778

5260

5580

7194

8314

1354

2203

4174

4644

4746

5315

5796

7326

7708

8706

1022

1370

1514

3143

3677

3811

5169

20.9

22.1333

19.2333

21.15

20.0167

21.9833

20.8167

21.5833

40.7333

41.5333

41.7833

42.8667

40.8833

43.0167

40.95

43.3833

42.4

42.55

43.5667

47.2667

44.5333

46.1167

42.9167

42.3333

44.6833

-156.433

-159.667

-155.483

-157.033

-155.683

-159.35

-156.117

-157.9

-92.8667

-93.6667

-95.15

-95.55

-94.5667

-91.1833

-91.5667

-92.9167

-96.3833

-92.4

-116.217

-116.183

-116.05

-115.567

-114.7

-115.883

-113.367




KS

KS

POCATELLO WSO AP

SANDPOINT EXP STATIO

TETONIA EXPERIMENT S

AUGUSTA

BELLEVILLE SIU RESEA

CHICAGO MIDWAY AP 3

MOLINE WSO AP

MURPHYSBORO 2 SW

NEWTON 6 SSE

PEORIA WSO AIRPORT

PIPER CITY

ROCKFORD WSO AP

SPRINGFIELD WSO AP

EVANSVILLE WSO AP

FORT WAYNE WSO AP

INDIANAPOLIS WSFO AP

PERU WASTE WATER PLA

RICHMOND WTR WKS

SHOALS HIWAY 50 BRID

SOUTH BEND WSO AP

VALPARAISO WATERWORK

VERSAILLES WATERWORK

WEST LAFAYETTE 6 NW

BIG BOW 4 WSW

COLLYER10S

7211

8137

9065

330

510

1577

5751

5983

6159

6711

6819

7382

8179

2738

3037

4259

6864

7370

8036

8187

8999

9069

9430

802

1730

42.9167

48.2833

43.85

40.2333

38.5167

41.7333

41.4333

37.7667

38.9167

40.6667

40.7

42.2

39.85

38.05

41

39.7333

40.75

39.8833

38.6667

41.75

41.5167

39.0667

40.4667

37.55

38.9

-112.6

-116.567

-111.267

-90.95

-89.85

-87.7833

-90.5

-89.3667

-88.1167

-89.6833

-88.1833

-89.1

-89.6833

-87.5333

-85.2

-86.2667

-86.0667

-84.8833

-86.8

-86.1667

-87.0333

-85.25

-87

-101.633

-100.117




KS

KS

KS

KS

KS

KS

KS

KS

KY

KY

KY

KY

KY

KY

KY

KY

KY

KY

LA

LA

LA

LA

LA

LA

LA

COLUMBUS 1 SW

CONCORDIA WSO ARPT

DODGE CITY WFO AP

FALL RIVER LAKE

GOODLAND WFO

PHILLIPSBURG 1 SSE

TOPEKA WSFO AIRPORT

WICHITA WSO ARPT

BUCKHORN LAKE

CLINTON 4 S

COVINGTON WSO AIRPOR

HODGENVILLE-LINCOLN

LEXINGTON WSO AIRPOR

LOUISA 2 S

LOUISVILLE WSFO AP

PADUCAH WALKER BOAT

SOMERSET 2 NE

WOODBURY

ALEXANDRIA

BATON ROUGE WSO AP

CALHOUN RESEARCH STN

LAFAYETTE

LAKE CHARLES AP

MORGAN CITY

NATCHITOCHES

1740

1767

2164

2686

3153

6374

8167

8830

1080

1631

1855

3929

4746

4946

4954

6117

7508

8824

98

549

1411

5021

5078

6394

6582

37.1667

39.55

37.7667

37.65

39.3667

39.7333

39.0667

37.65

37.35

36.6167

39.05

37.5333

38.0333

38.1167

38.1833

37.05

37.1167

37.1833

31.3167

30.5333

32.5167

30.2167

30.1333

29.6833

31.7667

-94.85

-97.65

-99.9667

-96.0833

-101.7

-99.3167

-95.6333

-97.4333

-83.3833

-88.9667

-84.6667

-85.7333

-84.6

-82.6

-85.7333

-88.55

-84.6

-86.6333

-92.4667

-91.1333

-92.3333

-92.0667

-93.2167

-91.1833

-93.1




LA

LA

LA

MA

MA

MA

MA

MA

MA

MA

MA

MD

MD

MD

MD

MD

ME

ME

ME

ME

ME

ME

ME

ME

ME

NEW ORLEANS WSCMO AR

SHREVEPORT AP

WINNSBORO 5 SSE

BIRCH HILL DAM

BOSTON LOGAN INTL AP

BRIDGEWATER

HYANNIS

KNIGHTVILLE DAM

NEW BEDFORD

PROVINCETOWN

WORCESTER MUNI AP

BALT-WASHGTN INTL AP

BELTSVILLE

HANCOCK

SAVAGE RIVER DAM

UNIONVILLE

AUGUSTA

CARIBOU MUNI ARPT

CLAYTON LAKE

EASTPORT

GRAND LAKE STREAM

MILLINOCKET

ORONO 2

PORTLAND INTL JETPRT

ROCKLAND 1 W

6660

8440

9806

666

770

840

3821

3985

5246

6681

9923

465

700

4030

8065

9030

273

1175

1472

2426

3261

5304

6435

6905

7255

29.9833

32.45

32.1

42.6333

42.3667

41.95

41.6667

42.2833

41.6333

42.05

42.2667

39.1833

39.0333

39.7

39.5167

39.45

44.3

46.8667

46.6167

449167

45.1833

45.65

44.8833

43.65

44.1

-90.25

-93.8167

-91.7167

-72.1167

-71.0333

-70.95

-70.3

-72.8667

-70.9333

-70.1833

-71.8667

-76.6667

-76.8833

-78.1833

-79.1333

-77.1833

-69.7833

-68.0167

-69.5333

-67

-67.7833

-68.7

-68.6667

-70.3

-69.1167




ME

Ml

Mi

Ml

Mi

Mi

M

Ml

M

M

Ml

MN

MN

MN

MN

MN

MN

MN

MN

MN

MN

MO

MO

MO

MO
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SKOWHEGAN

ALPENA WSO AIRPORT

BERRIEN SPRINGS 5 W

DETROIT CITY AIRPORT

FLINT WSCMO

GRAND RAPIDS WSFO

HANCOCK MCLAIN ST PK

LANSING WSO AIRPORT

MUSKEGON WSO AIRPORT

SAULT STE MARIE WSO

TRAVERSE CITY

DULUTH WSO AP

INT FALLS WSO AP

MINNEAPOLIS WSFO AP

ROCHESTER WSO AP

ST CLOUD WSO AP

SHERBURN 3 WSW

THIEF LAKE REFUGE

TRACY

WINNIBIGOSHISH DAM

WINTON POWER PLANT

COLUMBIA AIRPORT

KANSAS CITY WSMO AP

NEVADA WATER PLANT

PATTONSBURG 2 S

7827

164

735

2102

2846

3333

3551

4641

5712

7366

8246

2248

4026

5435

7004

7294

7602

8235

8323

9059

9101

1791

4358

5987

6563

44.7667

45.0667

41.9667

42.4167

42.9667

42.8833

47.2333

42.7667

43.1667

46.4667

44.7667

46.8333

48.5667

44.8833

43.9167

45.55

43.6333

48.4833

44.2333

47.4333

47.9333

38.8167

39.3167

37.8333

40.0333

-69.7167

-83.5667

-86.4333

-83.0167

-83.75

-85.5167

-88.6167

-84.6

-86.25

-84.35

-85.5667

-92.2167

-93.3833

-93.2167

-92.5

-94.0667

-94.7667

-95.95

-95.6333

-94.0667

-91.7667

-92.2167

-94.7167

-94.3667

-94.1333




MO

MO

MO

MO

MO

MO

MS

MS

MS

MS

MS

MS

MS

MS

MS

MS

MT

MT

MT

MT

MT

MT

MT

MT

MT

ROLLA UNI OF MISSOUR

ST LOUIS WSCMO AIRPO

SPRINGFIELD REG AP

STEFFENVILLE

WAPPAPELLO DAM

WEST PLAINS

ARKABUTLA DAM

BOONEVILLE

CALHOUN CITY 2 NW

CLEVELAND 3 N

JACKSON WSFO AIRPORT

LEAKESVILLE

LEXINGTON 2 NNW

MERIDIAN WSO ARPT

RUTH 1 SE

SAUCIER EXP FOREST

BILLINGS WSO

CLARK CANYON DAM

CUT BANK FCWOS

GLASGOW WSO AIRPORT

GREAT FALLS WSCMO Al

HELENA WSO

HILGER

ISMAY

KALISPELL WSO AIRPOR

7263

7455

7976

8051

8700

8880

237

955

1314

1743

4472

4966

5062

5776

7714

7840

807

1781

2173

3558

3751

4055

4143

4442

4558

37.95

38.75

37.2333

39.9667

36.9333

36.75

34.75

34.6667

33.8667

33.8

32.3167

31.15

33.1333

32.3333

31.3667

30.6333

45.8

45

48.6

48.2167

47.4833

46.6

47.25

46.5

48.3

-91.7833

-90.3667

-93.3833

-91.8833

-90.2833

-91.8333

-90.1333

-88.5667

-89.35

-90.7167

-90.0833

-88.55

-90.0667

-88.75

-90.3

-89.05

-108.533

-112.867

-112.367

-106.617

-111.367

-112

-109.35

-104.8

-114.267




MT

NC

NC

NC

NC

NC

NC

NC

NC

NC

NC

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

NE

NE

NE

NE
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MISSOULA WSO AP
ASHEVILLE REGIONL AP
CAPE HATTERAS NWS
CHARLOTTE DOUGLAS AP
ELIZABETH CITY
GRNSBR,HGH PT,W-S AP
HELTON

LAURINBURG
MOREHEAD CITY 2 WNW

RALEIGH DURHAM AP

WILMINGTON NEW HANVR

ASHLEY

BALDHILL DAM

BISMARCK WSFO AP

BOWMAN

FARGO WSO AP

MINOT EXPERIMENT STN

RICHARDTON ABBEY

ROLETTE

TROTTERS 3 SSE

WILLISTON WSO

AMELIA2 W

EDISON

GRAND ISLAND WSO AP

HEBRON

5745

300

1458

1690

2719

3630

3957

4860

5830

7069

9457

382

450

819

995

2859

5993

7530

7655

8812

9425

180

2560

3395

3735

46.9333

35.4333

35.2667

35.2167

36.3167

36.0833

36.55

34.75

34.7333

35.8667

34.2667

46.0333

47.0333

46.7667

46.1833

46.9333

48.1833

46.8833

48.6667

47.2833

48.1833

42.2333

40.2833

40.9667

40.1667

-114.1

-82.55

-75.55

-80.9333

-76.2

-79.95

-81.5

-79.45

-76.7333

-78.7833

-77.9

-99.3667

-98.0833

-100.75

-103.4

-96.8167

-101.3

-102.317

-99.8333

-103.9

-103.633

-98.95

-99.7833

-98.3167

-97.5833




NE

NE

NE

NE

NE

NE

NH

NH

NH

NH

NH

NH

NH

NH

NH

NH

NJ

NJ

NJ

NJ

NJ

NJ

NJ

NJ

NJ

MALMO 3 E

NORFOLK AIRPORT

NORTH PLATTE WSO ARP

OSHKOSH 10 NE

SCOTTSBLUFF AP

VALENTINE WSO AP

BRISTOL

CONCORD MUNI AP

DURHAM

ERROL

LINCOLN

MOUNT WASHINGTON

NEW DURHAM 3 NNW

NORTH STRATFORD

PITTSBURG RESERVOIR

SURRY MOUNTAIN LAKE

ATLANTIC CITY INT AP

CAPE MAY 2 NW

CLINTON 2 N

GLASSBORO 2 W

NEWARK INTL ARPT

NEW BRUNSWICK 3 SE

SPRINGFIELD

WANAQUE RAYMOND DAM

WATCHUNG

5112

5995

6065

6386

7665

8760

998

1683

2174

2842

4732

5639

5780

6234

6856

8539

311

1351

1754

3291

6026

6055

8423

9187

9271

41.2667

41.9833

41.1333

41.5

41.8667

42.8833

43.6

43.2

43.15

44.7833

44.05

44.2667

43.4833

44.75

45.05

43

39.45

38.95

40.6667

39.7

40.7

40.4667

40.7167

41.05

40.6667

-96.65

-97.4333

-100.7

-102.183

-103.6

-100.55

-71.7167

-71.5

-70.95

-71.1333

-71.6667

-71.3

-71.1833

-71.6333

-71.3833

-72.3167

-74.5667

-74.9333

-74.9167

-75.1167

-74.1667

-74.4333

-74.3167

-74.3

-74.4167




NJ

NM

NM

NM

NM

NM

NM

NM

NM

NM

NM

NV

NV

NV

NV

NV

NV

NV

NV

NV

NV

NY

NY

NY

NY
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WINDSOR

ALBUQUERQUE WSFO AIR

ANIMAS

AUGUSTINE 2 E

CARLSBAD

CARRIZOZO 1 SW

CUBA

DURAN

JORNADA EXP RANGE

OCATE 2 NW

TUCUMCARI 4 NE

BEATTY 8N

CONTACT

ELKO FCWOS

ELY ASOS

LAS VEGAS AP

LEONARD CREEK RANCH

PAHRANAGAT W L REFUG

RENO AIRPORT

SMOKEY VALLEY

WINNEMUCCA AIRPORT

ALBANY COUNTY AP

BINGHAMTON LINK FLD

BUFFALO GR BUFFLO AP

CANTON 4 SE

9761

234

417

640

1469

1515

2241

2665

4426

6275

9156

718

1905

2573

2631

4436

4527

5880

6779

7620

9171

42

687

1012

1185

40.25

35.05

31.95

34.0833

32.4333

33.6333

36.0167

34.4667

32.6167

36.2

35.2

37

41.7667

40.8333

39.2833

36.0833

41.5167

37.2667

39.5

38.7833

40.9

42.75

42.2167

42.9333

44.5667

-74.5833

-106.617

-108.817

-107.617

-104.25

-105.883

-106.967

-105.4

-106.733

-105.067

-103.683

-116.717

-114.75

-115.8

-114.85

-115.167

-118.717
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-119.783

-117.167
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1544

3304

3628

3740
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5648

6661

8992

9450

40.7833

43.7167

43.1333

43.1167

42.1167

43.55

40.9167

41.4167

40

39.9

40.8167

40.95

38.75

41.6

39.55

41.25

34.2667

36.55
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36.75

34.4667

35.3333

35.3833
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-74.9833

-77.6667
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-73.4
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WICHITA MTN WL REF

ALLEGANY

ASTORIA WSO AIRPORT

BEULAH

EUGENE WSO AIRPORT

LA GRANDE

MEDFORD WSO AP

OCHOCO DAM

PENDLETON WSO AIRPOR

PORTLAND INTL AIRPOR

SALEM WSO AIRPORT

ALLENTOWN A-B-E INTL

ALVIN R BUSH DAM
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126
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2709

4622

5429

6238

6546
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7500
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2682
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4432

6889

6993

7229

9705

9938

2934

7292

8812

8881

34.7333

43.4333

46.15

43.9167

44.1167

45.3167

42.3833

44.3

45.6833

45.6

449167

40.65

41.3667

42.0833

40.3167

41.6833

39.8833

40.5

40.9333

41.3333

39.9333

18.3333

18.0167

18.4333

18.35

-98.7167

-124.033

-123.883

-118.167

-123.217

-118.067

-122.883

-120.733

-118.85

-122.617

-123

-75.4333

-77.9333

-80.1833

-78.9167

-78.8

-75.25

-80.2167

-79.2833

-75.7333

-76.7333

-66.3667
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YABUCOA 1 NNE

BLOCK IS STATE AP

NEWPORT ROSE

PROVIDENCE GREEN ST

BISHOPVILLE 8 NNW

CHARLESTON INTL ARPT

CLARK HILL1 W

COLUMBIA METRO AP

GEORGETOWN 2 E

GREER GREENV’L-SPART

JOCASSEE 8 WNW

LAURENS

MULLINS 4 W

SANTEE COOP SPLWY

BUFFALO

EDGEMONT

HURON AP

ISABEL

LA CREEK NATL WILDLI

OAHE DAM

PICKSTOWN

RAPID CITY WSO AP

SIOUX FALLS WSFO

WAUBAY NATL WILDLIFE

BRISTOL WSO AIRPORT

9829

896

5215

6698

736

1544

1726

1939

3468

3747

4581

5017

6114

7712

1114

2557

4127

4268

4651

6170

6574

6937

7667

8980

1094

18.0667

41.1667

41.5

41.7333

34.3333

32.9

33.6667

33.95

33.35

34.9

34.9833

34.5

34.2

33.45

45.6

43.3

44.4

45.4

43.1

44.45

43.0667

44.05

43.5667

45.4333

36.4833

-65.8667

-71.5833

-71.35

-71.4333

-80.3

-80.0333

-82.1833

-81.1167

-79.25

-82.2167

-83.0667

-82.0333

-79.3167

-80.15

-103.55

-103.833

-98.2167

-101.433

-101.567

-100.417

-98.5333

-103.05

-96.7333

-97.3333

-82.4
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X
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X
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X
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HOUSTON WSCMO AP
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EPHRAIM SORENSENS FL

HANKSVILLE

LOGAN UTAH STATE UNI

MILFORD
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1656

4950

5187

5954
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6402

7359

8065

16
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1136

2015

2797

4300

7943

7945

9419

9729

738

2257

2578

3611

5186

5654

35.5833

35.0167

35.8333

35.4167

35.05

36.15

36.1167

36.5833

36.45

32.4167

35.2333

25.9

27.7667

31.8

29.9667

31.3667

29.5333

31.6167

33.9833

37.6167

40.1833

39.3667

38.3667

41.75

38.4

-89.2667

-85.2

-83.9833

-86.8

-90

-85.2667

-86.6833

-86.5333

-89.3167

-99.6833

-101.7

-97.4333

-97.5

-106.4

-95.35

-100.483

-98.4667

-97.2167

-98.5

-109.483

-112.917

-111.583

-110.717

-111.8

-113.017
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1081
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3914

5366

5542

5768

5982
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41.25

40.2833

37.1167

40.7667

37.4167

36.6

37.3333

36.9

38.2167

37.5167

37.3167

38.9

38.85

36.9333

17.7167

18.35

43.1167

44.4667

44.0167

44.9333

44.5667

44.9333

43.6

43.3333

44.4167

-111.95

-109.967

-113.567

-111.95

-82.0167

-78.2833
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-79.9667

-77.75
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SEARSBURG STATION
COUGAR 4 SW

FRANCES
MARBLEMOUNT RANGER S
OLYMPIA AIRPORT
QUILLAYUTE WSCMO AP
SEATTLE TACOMA AIRPO
SNOQUALMIE PASS
SPOKANE WSO AIRPORT
WHITMAN MISSION
YAKIMA WSO AP
ASHLAND EXP FARM
CHIPPEWA FALLS

GREEN BAY WSO

LA FARGE

LANCASTER 4 WSW
MADISON WSO AIRPORT
MARSHFIELD EXP FARM
MILWAUKEE WSO AIRPOR
PHELPS

SPOONER EXPERMNT FAR
BECKLEY WSO AP
CHARLESTON AP

ELKINS WSO AIRPORT

HUNTINGTON WSO AP

7152

1759

2984

4999

6114

6858

7473

7781

7938

9200

9465

349

1578

3269

4404

4546

4961

5120

5479

6518

8027

582

1570

2718

4393

42.8667

46.0167

46.55

48.5333

46.9667

47.95

47.45

47.4167

47.6333

46.05

46.5667

46.5667

44.9333

44.5

43.5667

42.8333

43.1333

44.6333

42.95

46.0667

45.8167

37.7833

38.3667

38.8833

38.3667

-72.9167

-122.35

-123.5

-121.45

-122.9

-124.55

-122.3

-121.417

-117.533

-118.45

-120.533

-90.9667

-91.3833

-88.1167

-90.6333
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-87.9
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-91.8833

-81.1167

-81.6

-79.85
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LAKE LYNN

LIVERPOOL

MOOREFIELD 2 SSE

TERRAALTANO 1

TYGART DAM

VALLEY HEAD

CASPER WSCMO

CHEYENNE WSFO AP

MORAN 5 WNW

ENCAMPMENT

JACKSON

LAKE YELLOWSTONE

LANDER AP

MOUNTAIN VIEW

OSAGE

SHERIDAN AP

5002
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8777

8986
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1570

1675

6440

3050

4910

5345

5390

6555

6935

8155

39.7167

38.9

39.0333

39.45

39.3167

38.5333

42.9

41.15

43.85

41.2167

43.4833

44.55

42.8167

41.2833

43.9833

44.7667

-79.85

-81.5333

-78.9667

-79.55

-80.0333

-80.0333

-106.467

-104.817

-110.583

-106.783

-110.767

-110.4

-108.733

-110.317

-104.417

-106.967




Appendix C - BASINS 4.0 Meteorological Data (Version 2009)

For BASINS 4.0 the BASINS meteorological database was updated to contain the most current data for
the original stations and for a substantially greater number of stations throughout the U.S. The updated
database contains data at over 16,000 stations, though not all stations are still active and most of them
contain only a subset of all the meteorological constituents used in BASINS. For those stations that are
current, data have been updated through the year 2009.

Database Content Changes

Besides a dramatic increase in the number of available meteorological stations, there are some key
differences between the original database and the updated:

The Pan Evaporation (EVAP) dataset has been removed - The original database contained both this
computed Pan Evaporation dataset and a computed Potential Evapotranspiration (PEVT) dataset.
Besides frequently causing end-user confusion, it was strongly suggested by modeling experts that the
PEVT dataset is more appropriate as an input to the HSPF model.

Many stations do not contain the full suite of seven meteorological constituents - Whereas the original
database contained only stations with all eight potentially-needed constituents, the updated database
has greatly expanded the number of available stations, many of which contain a subset of the seven
meteorological constituents used in BASINS.

Some stations contain multiple precipitation records - Using the more than 2000 active observed hourly
stations (and more than 3500 with 10+ years of record), the daily observed precipitation values were
disaggregated to an hourly time interval. This resulted in some stations having both an observed and a
disaggregated precipitation record. When only one form of hourly precipitation exists, it has been
assigned a data-set number ending in 1 (e.g. 1, 11, etc.). When both forms of hourly precipitation data
exist, the observed data set is assigned a number ending in 1 and the disaggregated data set is assigned
a number ending in 0 (e.g. 10, 20, etc.)

Ancillary Data

Additional datasets may be available for downloaded stations but are not merged into the project’s
met.wdm file. These may be found in the individual station WDM files (e.g. GA090451.WDM) in
\BASINS\cache\clsBasins\met. These data were involved in the development of the revised database
and are provided as an additional reference. They are organized on the WDM files by data-set number
in one of the three categories:



e 1000 series - These data are original observed daily or hourly data that were used in the
development of the final hourly datasets.

e 1100 series - These data are computed daily or hourly data that were used in the development of
the final hourly datasets.

e 2000 series - These data are from the BASINS 3.1 meteorological database.

Processing Steps

The effort to update the BASINS meteorological database for BASINS 4.0 required a number of data
processing, management, and manipulation steps. This section provides detailed information on each of
the steps taken during the effort. Log files showing details of the meteorological database development
are available through EPA. These files provide records of potentially suspect values, how data correction
was performed, and how daily precipitation data were disaggregated to hourly.

Acquire data from NOAA’s National Climatic Data Center (NCDC)

In reviewing national meteorological data sources, the most extensive and reliable collections were from
NOAA’s National Climatic Data Center (NCDC). A review of their available products revealed three data
sources useful for the updating process:

e Cooperative Summary of the Day (SOD) - a compilation of daily observations from more than 20,000
cooperative weather stations in the United States. It contained daily observations of precipitation
and minimum and maximum temperature for each station’s period of record (typically 1948 - 2005
for quality stations).

e Hourly Precipitation Dataset (HPD) - a compilation of hourly precipitation amounts for more than
2500 active stations and close to 7000 total stations. It contains hourly precipitation for each
station’s period of record (typically 1948 - 2005 for complete stations).

e Integrated Surface Hourly (ISH) - integrated from all of the NCDC and Navy surface hourly data
(TD3280), NCDC hourly precipitation data (TD3240), and Air Force DATSAV3 surface hourly data. It
contained hourly observations of precipitation, wind speed, air and dewpoint temperatures, and sky
cover for the period 1995 - 2005.

The majority of these data were ordered on-line from NCDC’s web site. However, some of the most
recent updates required direct contact with NCDC personnel.



Extract data from CDs and DVDs to Disk
Summary of the Day (SOD)

Hourly Precipitation Data (HPD)
Integrated Surface Hourly (ISH)

Build Station Information database (DBF) files

Each of the three data sources contained a station information/history file. These files contained
information such as station identification number and name, geographic location, and period of record.
Information was extracted from each data source’s most current station file and then stored in a
corresponding DBF file. The DBF files provided an efficient format for use in the ensuing data processing
scripts.

For the SOD data, the station file contained a significant level of station history information. Thus, many
stations had multiple records showing variations in station information (e.g. station name, secondary
IDs, lat/long coordinates) through its period of record. A script was developed to read this file and
extract only the most current information needed for storage in the DBF file.

For HPD data, the most current station file contained only one record for each station. This file was
imported into Excel and then saved in DBF format.

For ISH data, the most current station file was already in Excel format. Records for stations in the U.S.
with valid State values were extracted from this file and saved in DBF format.

Read data files into binary compressed data sets using VB.Net scripts

VB code was developed to read the various data types into standard timeseries class objects. Scripts
were then developed to read through the data files and store the timeseries as binary compressed data
sets. The watershed data management (WDM) format was chosen due to its prior usage in BASINS and
efficiency. Details of the rules and assumptions for reading each data type (SOD, HPD, ISH) were
described in separate files for each type (SOD Reading.doc, HPD Reading.doc, ISH Reading.doc). See
Appendix B for the contents of these files.

To provide the greatest flexibility, separate WDM files were created for each station encountered. The
WDM files were named using the 6-character station number (e.g. 010008.wdm) and grouped by state
FIPS code (i.e. the first 2 characters of the station ID). Since SOD and HPD data used the same station
identifiers, both data types were stored on one WDM file when each type existed for the same station.
ISH data were stored on WDM files named after their 6-character station number (e.g. 722230.wdm)
and were grouped by 2-character state abbreviation (i.e. “ga”). Since all three data types contained a
base dataset and one or more updates, two scripts were developed for each data type. The first script
read the base data set and the second script read the data updates.



Develop Missing Data Summary database for all timeseries

All three data sources contained flags indicating periods of missing values and missing time distributions
(aka accumulated data). The scripts used to read these values into WDM files tagged these data with -
999 for missing data and -998 (followed by the accumulated value) for missing time distribution. To help
determine data quality, a script was developed to summarize the amount of missing data for each
timeseries. This summary included the total number of data values, counts of missing data occurrences,
total number of missing data values, and percentage of missing data values. A summary record for each
timeseries was then saved on an output DBF file.

Remove unneeded constituents from WDM files

Both the SOD and ISH datasets contain meteorological constituents that were not needed for the
BASINS Met dataset (e.g. snow/snow water equivalent, soil temperature, visibility, atmospheric
pressure). A script was developed to browse each WDM file created in the previous step and save only
the datasets containing needed constituents. Since WDM files do not decrease in size when datasets
are deleted, a new WDM file was written containing only the needed constituents. If an original WDM
file contained only unneeded constituents, a new version of it was not written. For those datasets that
were saved, its record on the MissingSummary.DBF file was located and the percent missing value from
the record was stored as an attribute (UBC200) of the dataset.

Shift ISH data from Universal Time Code (UTC) to appropriate local station Time Zone

Since ISH data came from a worldwide network of stations, all values were recorded in Universal Time
Code (UTC) values. To have these values stored at their station’s time zone, the values had to be shifted
back in time by the difference between UTC and the local time zone (values of 5 to 8 hours for
continental U.S.). A script was developed to determine each station’s time zone and then shift the
station’s values back in time by the appropriate amount.

Convert SkyCond values to Cloud Cover values

The SkyCond element of the ISH data provided the most extensive cloud cover dataset. These values
were reported in Oktas with values ranging from 0 to 8, where 1 Okta represents 1/8 of the celestial
dome. The ISH data documentation provides a table to convert these values to the standard cloud cover
units, which range from 0 (clear) to 10 (overcast). A script was developed to perform this conversion. It
is run prior to the data correction process so that missing periods are filled or interpolated using the
cloud cover units.

Develop master list of stations containing needed data constituents

Combining the station information from the three data sources was needed for improved efficiency
during ensuing processing steps. A script was developed to read through the missing data summary
database to locate each station containing data. For each station, its ID, name, state code, lat/Ing and
elevation values were extracted from the appropriate Station information database (generated in step
2) and stored on the resulting master list DBF file.



Reproject station locations to generate distance values

Comparing the distance between stations was essential to the ensuing data correction process. In
preparation for the correction of missing data, a master station file was developed by combining the
station information from each data source’s station DBF file. The geographic (latitude/longitude)
coordinates for each station were projected, using an Albers Equal Area projection, into XY coordinates
using standard GIS projection transformation functions. Distances between projected station locations
were then determined from those projected coordinates using simple geometry. Projecting the station
locations is necessary for accuracy because the geometric distance between equal intervals of decimal
degrees varies depending upon the location on the globe, as degrees of longitude are much closer in
proximity near the global poles and much further apart near the equator.

Store historical values on datasets for use in correcting missing data

In preparation for the ensuing filling and correcting of missing data, historical averages of
meteorological data across the country were stored on each station’s datasets. The Parameter-
elevation Regressions on Independent Slopes Model (PRISM) (Daly, 2006), stores historical averages in a
national grid for a variety of constituents. Historical values were extracted from the PRISM database for
Precipitation and Temperature. These averages were then used to account for spatial variation when
correcting missing data using a nearby station. The ratio between the station being corrected and the
nearby station was applied to the value(s) from the nearby station as they were used in the correction
process.

Correct periods of missing values or time distribution

Data read in step 3 were processed to identify periods of missing values and time distributions. For
some constituents (Air and Dewpoint Temperatures, Cloud Cover, Wind), short periods (

Remove any remaining missing values

It was possible that after the FillMissing script is run that some timeseries still contained missing data.
This usually occurred for timeseries that had very long periods of record (prior to 1948) and did not have
any nearby stations to fill from. Since missing values would cause significant problems in running
BASINS models, it was necessary to remove them. A script was developed to find remaining missing
periods and remove them by only saving the non-missing portion of the timeseries.

Generate additional meteorological components

Several of the meteorological constituents needed by BASINS were generated from other constituents.
The meteorological generation and disaggregation methods found in WDMUTil (U.S. EPA, 2004) were
used in this process. These included:

e Computing daily Potential Evapotranspiration (PET) from daily Min/Max Temperature using Hamon’s
method (Hamon, 1961),

e Computing daily Solar Radiation from Cloud Cover (Hamon et al, 1954),



e Disaggregating daily PET and Solar Radiation to hourly (Hamon et al, 1954),
e Disaggregating daily Min/Max Temperature to hourly

These transformations were incorporated into several scripts to generate the needed constituents.

Compile final WDM files

The previous steps generated all of the timeseries that to be stored on the final database. This step
takes the desired timeseries and stores them on WDM files that will make up the final database. For
flexibility and ease of use in BASINS, there will be one WDM file for each unique station.

Since the ISH datasets uses a different primary identification scheme than the SOD, it is necessary to
determine which ISH stations share the same location as an SOD station. This is done by comparing
their WBAN numbers, a secondary identification number used by both datasets. A query was
developed, using the station dbf files developed in step 2, to generate a new dbf file
(Matching_ISH+SOD.dbf) containing stations common to both the ISH and SOD datasets.

A script was developed to look through all of the WDM files created through step 13 and select the
timeseries from them that are useful in BASINS. These selected timeseries are then written to the final
WDM files using the following dataset numbers and constituent names:

Dataset#  Constituent Name

1 PREC
3 ATEM
4 WIND
5 SOLR
6 PEVT
7 DEWP
8 CLou

The numbers and names follow the same pattern used in the pre-existing BASINS Met WDM files.
Dataset number 2, EVAP, was removed to use a more appropriate evapotranspiration term, PEVT, and
to eliminate confusion between the two.



The script saves portions of the original SOD and ISH data that could serve as reference timeseries, such
as daily precipitation and min/max temperature. These timeseries are stored in dataset numbers
starting at 1000.

The script also handles pre-existing BASINS met stations in a specialized manner in order to assure
upward compatibility. These stations were identified using the shape files that described the pre-
existing stations. For each pre-existing station, the shape files also included the nearest station that
contained the full suite of required constituents. Many new stations containing all needed constituents
are being added to the database. Thus, the list of closest stations was updated to reflect these additions
and stored as an updated dbf (BASINS31Map.dbf).

When updating a pre-existing BASINS met station, the script performs the following actions:

e For hourly precipitation (PREC), the entire period of record is saved, overwriting any pre-existing
data for the period. This is due to the improved methods and greater number of nearby stations
used in the filling/correcting process. NOTE: all pre-existing BASINS stations contained updated
hourly precipitation data.

e Forall other constituents, any timeseries available at the station are appended to the pre-existing
data. For constituents not available at the station, the nearest station containing that constituent is
read from the BASINS31Map.dbf file and that station’s timeseries are used to update those
constituents.

e All pre-existing BASINS data are saved as reference timeseries starting at dataset number 2001.

Disaggregate daily precipitation to hourly timeseries

A script was developed to disaggregate the daily precipitation data into hourly timeseries using a
method similar to that used in distributing accumulated values (see step 11). For the station being
disaggregated, a buffer of the 30 nearest geographic stations is developed. The station to use for
disaggregation is determined by a combination of geographic distance and similarity in precipitation
amounts for the day being disaggregated. A tolerance flag is used to only select stations that have a
precipitation total within a certain percentage of the daily value. Once the nearest station is found, the
daily value is then distributed using the same pattern as the nearby station. If no acceptable nearby
station is found, the daily value is disaggregated using a triangular distribution centered at the middle of
the day.

Store disaggregated precipitation timeseries on final WDM files

With the inclusion of disaggregated precipitation data, it is now possible for the same station to have
multiple versions of precipitation data. To identify the disaggregated precipitation, it is assigned a
scenario attribute value of “computed”. A script was developed to dictate where the disaggregated
precipitation is stored. If a station has both observed and disaggregated precipitation data, the
observed data will remain at dataset number 1 and the disaggregated data will be saved at dataset



number 10. If a station has only disaggregated precipitation data, it will be stored at dataset number 1,
thus allowing WinHSPF to recognize it as a valid input timeseries during model setup.

Build database file summarizing final database

A script was developed to summarize every timeseries stored on the final database and store it as a dbf
(MetStations.dbf). The items reported in this summary include dataset number, WDM file name, station
name, latitude, longitude, constituent, start date, end date, and count of values. Besides serving as a
useful summary file, the resulting dbf is used during downloading of the new met data. When data are
downloaded for a specified area, the download tool builds a shape file for the downloaded stations
using the information on the summary file.

Create DVDs containing final WDM files for installation on web site



Appendix D - Cligen Meteorological Data Use in BASINS 4

The Cligen model generates synthesized meteorological data based on historical station data at
locations throughout the U.S. This section describes in detail how the initial Cligen data is manipulated
for use within BASINS 4. For details on interacting with Cligen within BASINS 4, see the Cligen section of
this documentation.

Cligen produces an output file that contains 10 distinct daily time series:
® prcp - precipitation, mm

e dur - duration of precipitation event, hrs

e tp-time to peak precipitation intensity, fraction of dur

e ip - peakintensity of precipitation, unitless

e tmax - maximum temperature, Deg C

e tmin - minimum temperature, Deg C

e rad - solar radiation, langleys

e w-vl-wind velocity, m/s

e w-dir - wind direction, degrees

o tdew - dewpoint temperature, Deg C

These time series may be viewed in BASINS 4 after opening an existing Cligen output file or performing a
Cligen run.

Since many models have a need for meteorological data with time steps less than a day, an effort has
been made to transform the daily Cligen data into hourly. The following list shows the hourly time
series that are generated and the method to used to do so:

e Solar Radiation (SRAD) - Daily values are disaggregated to hourly using the algorithm described in
the Compute:Disaggregations section of the help file.

e Wind Speed (WIND) - Daily values are converted from m/s to miles/day. The converted data are
then used as input to the Wind disaggregation function to produce hourly values in miles/hour. The
disaggregation function is described in the Compute:Disaggregation section of the help file.

e Air Temperature (ATMP) - Daily min and max temperature time series are converted from Deg C to
Deg F. These time series are then used as inputs to the Temperature disaggregation function, along



with an assumed observation time of 24, to produce hourly values in Deg F. The disaggregation
function is described in the Compute:Disaggregation section of the help file.

Dewpoint Temperature (DEWP) - Daily values are converted from Deg C to Deg F. These values are
disaggregated to hourly in two steps. The first simply applies the daily value to every hour of the
day. The second compares the hourly values to a corresponding hourly air temperature time series.
If the dewpoint value exceeds the air temperature, it is lowered to the temperature value.

Potential Evapotranspiration (EVAP) - PET values are generated using Hamon’s method as described
in the Compute:Disaggregations section of the help file. Resulting hourly values are in inches.

Precipitation (HPCP) - As described above, Cligen produces 4 daily time series (prcp, dur, tp, ip) that
define daily precipitation events. BASINS 4 uses the WEPP (Flanagan, 1995) model’s method for
dividing a daily Cligen precipitation event into breakpoint data. The method involves using a double
exponential function to divide the storm into many small intervals, each with a distinct average
intensity. BASINS 4 then reaggregates these small intervals into hours to formulate the final hourly
precipitation time series.

Cloud Cover (CLDC) - Daily cloud cover values are generated from Cligen daily solar radiation. This is
done using the algorithm for generating solar radiation described in the Compute:Computations
section of this documentation. The algorithm was reversed to generate cloud cover. One minor
assumption was made in the reversal; the intermediate value of percent sun was calculated based
on the ratio of the actual solar radiation divided by the maximum possible solar radiation. The
resulting daily cloud cover values were then disaggregated to hourly by applying the daily value to
each hour of the day.



Appendix E - NLDAS Meteorological Data in BASINS

Using the full water quality capability of HSPF requires the full suite of meteorological inputs, including
precipitation, potential evapotranspiration, air temperature, wind speed, solar radiation, dew point
temperature, and cloud cover. An enhancement for BASINS 4.5 allows direct download and/or
calculation of this full suite from the North American Land Data Assimilation System (NLDAS) gridded
data set. Published by NASA, NLDAS runs in near real-time on a 1/8th-degree grid over central North
America, with retrospective NLDAS datasets extending back to January 1979. This enhancement not
only allows direct download of this data for a specified region but also facilitate creation of HSPF models

driven by this gridded data.

The NLDAS datasets are not specifically designed to populate specific models, such as HSPF; therefore,
conversions algorithms are required to transform some NLDAS MET data to meet the specific needs of
HSPF. The following table shows the transformations used:

HSPF Parameter

NLDAS Parameter

NLDAS Parameter
Description

Transformation Used

Hourly Precipitation
Hourly Potential
Evapotranspiration

Hourly Air Temperature

Hourly Wind Speed

Hourly Solar Radiation

Hourly Dew Point
Temperature

Hourly Cloud Cover

APCPsfc

PEVAPsfc

TMP2m

UGRD10m,VGRD10m

DSWRFsfc

SPFH2m, TMP2m

DSWRFsfc

Precipitation hourly
total

Potential Evaporation

2m above ground
temperature

10m above ground
zonal wind, 10m
above ground
meridional wind

Surface DW
shortwave radiation
flux

2m above ground
specific humidity, 2m
above ground
temperature

Surface DW
shortwave radiation

Unit conversion only

Unit conversion only

Unit conversion only

Calculated using
Euclidean distance
and unit conversion

Unit conversion only

Calculated from
specific humidity and
air temperature plus
unit conversion

Calculated from
hourly solar radiation




flux plus unit conversion

The method for computing hourly cloud cover based on solar radiation utilizes the BASINS algorithm for
computing daily cloud cover based on daily solar radiation and latitude. This routine assumes that
percent sun, and thus, cloud cover is essentially the ratio of actual solar radiation to potential max solar
radiation. Max solar radiation is based on the HSPII (Hydrocomp, 1978) RADIATION procedure, which is
based on empirical curves of radiation as a function of latitude (Hamon et al, 1954, Monthly Weather
Review 82(6):141-146.) The daily cloud cover values are then used for each hour of the day.

The method for calculating dew point temperature based on specific humidity follows the method of
EOL-UCAR, 2016, where vapor pressure is computed from specific humidity and then the dew point
temperature is computed from vapor pressure.

EOL-UCAR. 2016. CEOP Derived Parameter Equations. Coordinated Energy and Water Cycle
Observation Project (CEOP), Earth Observing Laboratory (EOL), University Corporation for
Atmospheric Research (UCAR), Boulder, CO.

https://www.eol.ucar.edu/projects/ceop/dm/documents/refdata report/eqns.html (last accessed
09.12.18).



https://www.eol.ucar.edu/projects/ceop/dm/documents/refdata_report/eqns.html

Appendix F - Watershed and Instream Models

In versions of BASINS prior to version 4.5, several models were integrated into BASINS which allowed
the user to simulate the behavior of toxic chemicals, conventional pollutants, and nutrients on the land
surface and instream. Data preparation and visualization tools streamline the use of the models. In
BASINS 4.5, these models are installed separately. BASINS 4.5 Core only provides the core functionality
of BASINS system without the model plugins. Users of BASINS have to install the available model plugins
separately to make them available.

HSPF

HSPF is a watershed model that simulates nonpoint source runoff and pollutant loadings for a
watershed and performs flow and water quality routing in reaches. The Windows interface to HSPF,
known as WinHSPF, works with the EPA-supported HSPF model (version 12.2 and later) (Bicknell et al.,
2005). WinHSPF supports a full suite of the HSPF model capabilities. Features supported by WinHSPF
include:

e Estimation of nonpoint source loadings from mixed land uses
e Estimation of fate and transport processes in streams and one-dimensional lakes

WinHSPF can be run on a single watershed or a system of multiple hydrologically connected
subwatersheds that have been delineated using the BASINS Watershed Delineation tool. The model
requires land use data, reach data, meteorological data, and information on the pollutants of concern in
the watershed and the reaches. WinHSPF is designed to interact with the BASINS utilities and data sets
to facilitate the extraction of appropriate information and the preparation of model input files. The
reach network is automatically developed based on the subwatershed delineations. Users can modify
and adapt input files to site-specific conditions through the use of WinHSPF and supporting information
provided by the BASINS utilities and reporting functions, as well as locally derived data sources.
WinHSPF works with postprocessing tools to facilitate display and interpretation of output data.

SWAT

The Soil and Water Assessment Tool (SWAT) model is a river basin, or watershed, scale model developed
to predict the impact of land management practices on water, sediment, and agricultural chemical yields
on complex watersheds with varying soils, land use, and management conditions. The model combines
these with point source contributions and performs flow and water quality routing in stream reaches.
The model is physically based and computationally efficient, uses readily available inputs and enables
users to study long-term impacts.

SWAT can be run on a single watershed or a system of multiple hydrologically connected subwatersheds
that have been delineated using the BASINS Watershed Delineation tool. The user can set up SWAT
simulations using the data provided with BASINS (land use, soils, reach data, meteorological, pollutants,
etc. data) and/or introduce custom data. Information about SWAT can be downloaded from:
http://swatmodel.tamu.edu/



http://swatmodel.tamu.edu/

AQUATOX

AQUATOX is a time-variable ecological risk assessment model that simulates the fate and effects of
various environmental stressors in aquatic ecosystems. It simulates the fate and transfer of pollutants
from loads to the water, sediments, and biotic components, and transfer throughout the food web.
Simultaneously it predicts the effects of the stressors on the ecosystem, by simulating the chemical,
physical and biological processes that bind the ecosystem together. AQUATOX can predict the fate and
ecological effects of nutrients, organic toxicants, and bioaccumulative compounds, as well as the
expected ecosystem responses to pollution reductions. It considers several trophic levels, including
attached and planktonic algae and submerged aquatic vegetation, invertebrates, and forage, bottom-
feeding, and game fish; it also represents associated organic toxicants.

Environmental management programs and activities that could benefit from application of AQUATOX
include water quality criteria and standards, Total Maximum Daily Loads (TMDLs), identification of the
cause(s) of biological impairment where there are multiple stressors, and ecological risk assessments.

WASP

The EPA Water Quality Simulation Program (WASP) helps users interpret and predict water quality
responses to natural phenomena and manmade pollution for various pollution management decisions.
WASP is a dynamic compartment-modeling program for aquatic systems, including both the water
column and the underlying benthos. WASP also can be linked with hydrodynamic and sediment
transport models that can provide flows, depths velocities, temperature, salinity and sediment fluxes.
BASINS contains an interface for setting up a WASP 8.x simulation using available GIS and timeseries
data.

SWMM

The EPA Storm Water Management Model (SWMM) is a dynamic rainfall-runoff simulation model used
for single event or long-term (continuous) simulation of runoff quantity and quality from primarily urban
areas. The runoff component of SWMM operates on a collection of subcatchment areas that receive
precipitation and generate runoff and pollutant loads. The routing portion of SWMM transports this
runoff through a system of pipes, channels, storage/treatment devices, pumps, and regulators. SWMM
is used throughout the world for planning, analysis and design related to storm water runoff, combined
sewers, sanitary sewers, and other drainage systems in urban areas. BASINS contains an interface for
setting up a SWMM 5 simulation using available GIS and timeseries data.

GWLF-E

The GWLF-E Plug-in included with BASINS is a GIS-based watershed modeling tool created by the Penn
State Institutes of Energy and the Environment (PSIEE). GWLF-E is a ‘mid-level’ model that estimates
monthly nutrient and sediment loads within a watershed. This plug-in provides a link between BASINS
and PSIEE’s newest version of the GWLF watershed model (now called GWLF-E). The core watershed
simulation model used in the GWLF-E plug-in is based on the GWLF (Generalized Watershed Loading
Function) model developed by Haith and Shoemaker (1987). An advantage of GWLF is the ease of use
and reliance on input datasets less complex than those required by other watershed-oriented water
quality models such as SWAT, SWMM and HSPF.



PLOAD

The Pollutant Loading Estimator (PLOAD) is a simple watershed model that computes nonpoint source
loads from different subwatersheds and landuses based on annual precipitation, landuses and BMPs.
PLOAD estimates nonpoint sources of pollution on an annual average basis, for any user-specified
pollutant, using either the export coefficient or simple method approach. PLOAD was designed to be
generic so that it can be applied as a screening tool in typical NPDES stormwater permitting, watershed
management, or reservoir protection projects.



Watershed and Instream Model Setup

Previous versions of BASINS included Model Plug-ins to set up seven models based on information in the
BASINS project, HSPF, SWAT, AQUATOX, WASP, SWMM, GWLF-E, and PLOAD. In BASINS 4.5 Core, these
Model Plug-ins are packaged and installed separately.

The HSPF, SWAT, AQUATOX, WASP, and SWMM options aid the user in setting up powerful external, yet
linked, simulation models. The PLOAD option provides a very simple watershed model for estimating
pollutant loads on an average annual basis. GWLF-E is a ‘mid-level’ model that estimates monthly
nutrient and sediment loads within a watershed. This section contains full descriptions of how each
model can be setup based on information from the BASINS project, if the user has collected the
necessary information using the available BASINS utilities.

The Models menu item is a product of both the Model Setup and BASINS 4.5 plug-ins.

Model

Description

HSPF

SWAT

AQUATOX

WASP

SWMM

GWLF-E

PLOAD

Sophisticated, high-level watershed model able to perform continuous simulation of surface and subsurface
flow and associated physical, chemical, and biologic processes at a tributary level. Complete instructions on
setting up the model are detailed in the HSPF section of this documentation. (Maintained by EPA)

Physical based, watershed scale model that was developed to predict the impacts of land management
practices on water, sediment and agricultural chemical yields in large complex watersheds with varying soils,
land uses and management conditions over long periods of time. Complete instructions on setting up the
model are detailed in the SWAT section of this documentation. (Not Maintained by EPA)

Simulation model for aquatic systems that predicts the fate of various pollutants, such as nutrients, organic
chemicals, suspended and bedded sediments, and their effects on the ecosystem, including fish, invertebrates,
and aquatic plants. Complete instructions on setting up the model are detailed in the AQUATOX section of this
documentation. (Maintained by EPA)

Dynamic compartment-modeling program for aquatic systems, including both the water column and the
underlying benthos. Complete instructions on setting up the model are detailed in the WASP section of this
documentation. (Maintained by EPA)

Dynamic rainfall-runoff simulation model used for single event or long-term (continuous) simulation of runoff
quantity and quality from primarily urban areas. The routing portion of SWMM transports this runoff through
a system of pipes, channels, storage/treatment devices, pumps, and regulators. Complete instructions on
setting up the model are detailed in the SWMM section of this documentation. (Not Maintained by EPA)

‘Mid-level’ model that estimates monthly nutrient and sediment loads within a watershed. Complete
instructions on setting up the model are detailed in the GWLF-E section of this documentation. (Not
Maintained by EPA)

Simple watershed model that computes nonpoint source loads from different subwatersheds and landuses
based on annual precipitation, landuses and BMPs. Complete instructions on setting up the model are
detailed in the PLOAD section of this documentation. (Not Maintained by EPA)




Background

One common objective of water quality modeling studies is to be able to predict the impact of different
point and nonpoint source loading scenarios on surface water bodies. The historic reliance on the use of
design flows for developing permit limits and for evaluating attainment of water quality standards has
done nothing to prepare TMDL practitioners for developing TMDLs on waterbodies that receive inputs
from both point sources (steady, continuous loads) and nonpoint sources (unsteady, discontinuous
loads). The episodic discharges from the nonpoint sources, occurring as a result of rain or melting snow,
enter streams whose assimilative capacities (generally approximated as dilution ratios) are not well
represented by the design flows (7Q10 or 4B3) traditionally used for setting permit limits for point
sources. While determining the allowable load allocation from the nonpoint sources based on a design
flow would be environmentally protective, it probably would be unfair to the point source dischargers
and impossible to attain under many conditions. The fact that releases from both point sources and
nonpoint sources must be combined for TMDL purposes is totally logical. Fortunately, we can make the
process of developing TMDLs easier through intelligent use of today’s powerful desktop computers,
Geographic Information Systems, environmental databases, and watershed models supported with
graphical interfaces that render them faster and easier to use.

The easiest way to envision the necessary integration of loads from point and nonpoint sources is to
consider what it would be like if you could continually measure the concentrations of the pollutants of
concern in the watershed. Assume that you could locate sensors at appropriate locations and collect
data on chemical concentration, stream volume flow, temperature, pH, and other properties
continuously (or even daily) for several years, you could develop a database that you could use to
evaluate the health of the waterbody or of the watershed. With such a database, you could develop
statistical descriptions of the distributions of pollutant concentrations that have resulted from the
combination of PS and NPS loadings within the watershed. If you were to continue this monitoring
effort for a couple decades, you could then evaluate whether or not water quality criteria (i.e., chemical
concentrations) were being exceeded more frequently than specified in the State’s water quality
standards.

As it is unlikely that you will have either the time or money to develop such a data record for many
watersheds, the next best way to generate the data needed to evaluate attainment of water quality
standards is to model the watershed. By running a continuous simulation model, you can synthesize a
database that is analogous to that described above. In this exercise you would simulate daily values of
stream volume flow, pollutant loadings, pollutant concentrations, etc. for an appropriate period of
record. The computer output from this watershed modeling study would look very much like the
database from the monitoring study and the data would be subjected to the same statistical tests.

Loadings from point sources are based on resources such as the permitted releases of chemicals from
municipal and industrial facilities (e.g, EPA’s Permit Compliance System database) or from monitoring
data collected at these facilities (e.g., Discharge Monitoring Reports). Loadings from non-point sources
are estimated by the watershed models; the loads depend on factors such as land use, vegetation cover,
and meteorological conditions. The resulting pollutant concentrations are estimated by dividing the
daily loadings (total of loads from both PS and NPS) by the model generated daily stream flow. If in-
stream concentrations exceed criteria, loads are reduced until standards are attained.



Water Quality Modeling Based on Hydrologic Principles

A continuous simulation model was considered to be critical for a realistic representation of watershed
processes. Continuous simulation models combine daily (or other time-step) measurements or
synthesized estimates of effluent flows and loads, wet-weather source concentrations and loads, and
receiving water flows to calculate receiving water concentrations. A deterministic model is applied to
time series of these variables to predict resulting concentrations in chronological order, with the same
time sequence as the input variables. This enables a frequency analysis of concentrations at a given
point of interest, as will be explained more fully below.

In natural systems, flows typically exhibit correlation in time (serial correlation), so that low flow days
tend to follow other low flow days, and high flow days follow high flow days. Precipitation-driven
episodic loads often exhibit cross-correlation (correlation between different variables) with receiving
water flow, as the same precipitation that generates the load may also increase flow throughout the
watershed. Both serial and cross-correlation can have important implications for predicting water
quality impacts. For instance, if episodic loads are most likely to occur when flow in the receiving water
is high, an adverse impact on water quality is much less likely than if the loads occur when flow in the
receiving water is low.

A continuous simulation approach automatically takes into account the serial correlation present in
flows and other variables, as well as cross-correlations between measured variables, because real data
are used. This is potentially the most powerful method available for accurate prediction of the
frequency of receiving water concentrations, but it does have disadvantages. Notably, the method is
very data intensive and may require observations over many years to accurately evaluate the frequency
of occurrence of water quality excursions. Long time series of monitoring data for wet-weather loads
will generally not be available and may have to be simulated from precipitation records using rainfall-
runoff models. Simulating data introduces uncertainty; indeed, if good observations of time series of
more than one input parameter are lacking it may be preferable to use a statistical simulation approach
(such as the Monte Carlo method described below) which allows a direct analysis of the effects of input
uncertainty on model predictions.

How Do | Choose Which Model to Use?

There are many factors to consider when selecting the model. The question “Is this the best model?”
may be answered by the question “For what purpose?”. What data do you have to represent the
watershed that you are modeling? What processes in the watershed are important to your study?
What are the appropriate scales of resolution, both space (distance) and time? What are the
uncertainties associated with the quality of the data? What are the uncertainties associated with the
effectiveness of the proposed controls? If the results (model output) of the watershed modeling study
are going to be used as (part of the) input to a lake or reservoir model of nutrient eutrophication, is the
eutrophication model of the same temporal scale? That is, does the eutrophication model require a
seasonal or annual nutrient input or does it simulate processes that account for daily fluctuations in
nutrient loads?

At the risk of oversimplifying a very complex issue, the developers of BASINS wish to provide some
general guidance. PLOAD, SWAT and HSPF are spatially distributed, lumped parameter models. They
may be used to analyze watersheds and river basins by subdividing the area into homogenous parts.



SWMM is a dynamic rainfall-runoff simulation model used for single event or continuous simulation of
runoff quantity and quality from primarily urban areas. WASP is a dynamic compartment-modeling
program for aquatic systems, including both the water column and the underlying benthos.

PLOAD is a simple watershed model that computes nonpoint source loads from different subwatersheds
and landuses based on annual precipitation, landuses and BMPs. Successful linking of the model to
existing BASINS data and user supplied data makes the model useful in estimating nonpoint source
loads, relative contributions and load reduction by BMPs. PLOAD requires watershed boundary, landuse,
best management practices (BMPs), point sources and annual precipitation data to compute pollutant
loads. Additionally PLOAD requires event mean concentrations (EMCs) and/or loads per acre tables for
different land use types. Use PLOAD when you want estimates of seasonal or annual loadings to feed
simple eutrophication models; or where there is great uncertainty in effectiveness of controls and
adjustments to the TMDL may be expected after post-implementation monitoring.

The GWLF-E Plug-in included with BASINS is a GIS-based watershed modeling tool created by the Penn
State Institutes of Energy and the Environment (PSIEE). GWLF-E is a ‘mid-level’ model that estimates
monthly nutrient and sediment loads within a watershed. This plug-in provides a link between BASINS
and PSIEE’s newest version of the GWLF watershed model (now called GWLF-E). The core watershed
simulation model used in the GWLF-E plug-in is based on the GWLF (Generalized Watershed Loading
Function) model developed by Haith and Shoemaker (1987). An advantage of GWLF is the ease of use
and reliance on input datasets less complex than those required by other watershed-oriented water
quality models such as SWAT, SWMM and HSPF.

SWMM is a dynamic rainfall-runoff simulation model used for single event or long-term (continuous)
simulation of runoff quantity and quality from primarily urban areas. The runoff component of SWMM
operates on a collection of subcatchment areas that receive precipitation and generate runoff and
pollutant loads. The routing portion of SWMM transports this runoff through a system of pipes,
channels, storage/treatment devices, pumps, and regulators. SWMMS5 is supported in BASINS. Use
SWMM for modeling urban areas when you want to route runoff through pipes, channels, etc.

WASP is a dynamic compartment-modeling program for aquatic systems, including both the water
column and the underlying benthos. This model helps users interpret and predict water quality
responses to natural phenomena and manmade pollution for various pollution management decisions.
WASP also can be linked with hydrodynamic and sediment transport models that can provide flows,
depths velocities, temperature, salinity and sediment fluxes. WASP8 is supported in BASINS. Use WASP
for detailed instream modeling.

AQUATOX is a time-variable ecological risk assessment model that simulates the fate and effects of
various environmental stressors in aquatic ecosystems. It simulates the fate and transfer of pollutants
from loads to the water, sediments, and biotic components, and transfer throughout the food web.
AQUATOX version 3 is supported in BASINS. Environmental management programs and activities that
could benefit from application of AQUATOX include water quality criteria and standards, Total Maximum
Daily Loads (TMDLs), identification of the cause(s) of biological impairment where there are multiple
stressors, and ecological risk assessments.

HSPF is a sophisticated, high-level watershed model able to perform continuous simulation of surface
and subsurface flow and associated physical, chemical, and biologic processes at a tributary level. HSPF



version 12.2 (and later) includes a simplified snow melt algorithm (i.e., degree-day approach), the ability
to model land-to-land transfers, high water tables and surface ponding (wetlands), and the addition of
new BMP and Reporting modules. The new SNOW module requires only precipitation and air
temperature time series, while producing essentially the same output as the current module which
requires five additional meteorological time series (evaporation, wind speed, solar radiation, dew point,
and cloud cover). Use HSPF where the BASINS holdings provide hourly meteorological data from a
location on or near your watershed. Also, you may use BASINS tools to develop your own file of hourly
meteorological data for a more appropriate meterological station than is included in the BASINS
holdings. If you do not have a USGS gage station on your watershed (to calibrate the hydrology) you can
used the paired watershed approach of calibrating HSPF on a nearby watershed of similar characteristics
and then applying the calibrated model to your watershed for the purpose of developing the TMIDL. The
HSPFParm database included with BASINS supports HSPF modelers with a readily available source of
model parameter values as a starting point for developing new watershed applications.

SWAT simulates hydrology, pesticide and nutrient cycling, bacteria transport, erosion and sediment
transport. SWAT is ideally suited to predict effects of land use management (such as climate and
vegetative changes, agricultural practices, reservoir management, groundwater withdrawals, water
transfer) on water, sediment, and chemical yields from river basins. SWAT uses a daily time step for
simulations running from 1 to 100 years; (HSPF, as implemented in BASINS, uses an hourly time step.)
We anticipate that SWAT will meet many modeling needs for situations where TMDLs need to be
developed for watersheds dominated by lands in agricultural operations. The version of SWAT
supported in BASINS is SWAT2005. Use SWAT where there is no nearby meterological station with
hourly data and/or where there is no nearby gaged watershed.

The BASINS system also enables the user to view output from these models in a spatial context. See the
Analysis section for more details.



HSPF

HSPF is a watershed model that simulates nonpoint source runoff and pollutant loadings for a
watershed, combines these with point source contributions, and performs flow and water quality
routing in reaches.

The user interface to HSPF through BASINS is known as WinHSPF. All features of HSPF are available
through WinHSPF. It fully supports the MASS-LINK, SCHEMATIC and SPECIAL ACTIONS blocks of the UCI
File. This interface also directly reads HSPF UClI file. See the WinHSPF User’s Manual for instructions on
using WinHSPF. The HSPF User’s Manual is also available for reference.

WinHSPF can be run on a single watershed or a system of multiple hydrologically connected
subwatersheds that have been delineated using the BASINS Watershed Delineation tool. The model
requires land use data, reach data, meteorological data, and information on the pollutants of concern in
the watershed and the reaches. WinHSPF is designed to interact with the BASINS utilities and data sets
to facilitate the extraction of appropriate information and the preparation of model input files. The
reach network is automatically developed based on the subwatershed delineations. Users can modify
and adapt input files to site-specific conditions through the use of WinHSPF and supporting information
provided by the BASINS utilities and reporting functions, as well as locally derived data sources.
WinHSPF works with postprocessing tools to facilitate display and interpretation of output data.

BASINS allows the user to open WinHSPF directly from the BASINS user interface. The following sections
provide more details on using WinHSPF through BASINS:

e Data Requirements for Setting up HSPF through BASINS
e Creating a New HSPF Project
e Opening an Existing HSPF Project

e |ntroduction to the Main WinHSPF Window

HSPF requires Watershed Data Management (WDM) files, which contain input and output time-series
data, in order to run. WDM Time-series management functionality is available through the ‘File’ menu
option in BASINS, especially through the ‘File:Manage Data’ menu option. This functionality is
documented under Time-Series Management. WDM data import functionality is available under Read
Data with Script.

Key Procedures



1. Select Plug-ins:Model Setup (HSPF/AQUATOX) from the main menu so that it is active. This will
add HSPF and AQUATOX to the Models menu on the main form.

Plug-ns | Watershed Delineation  Converters  Sha

, Edit Plug-ns t

! SI:I'il:ItE |'
Analysis »
Archive Project Tool !
BASIMNSG 4.1

C5V to Shapefile Converter

D4EM Data Download 3
EF& S\WMM 5.0 Setup
EFA WASP 7.3 Setup

en5SFM
WLF-E Data Processor
HSPFParm - Parameter Database for HSPF

Manual Delineation

Model Segmentation

Model Setup (HSPF/AQUATOX) ||
Pollutant Loading Estimator (PLOAD)

TR R R S

2. Select Models:HSPF from the main menu to invoke the BASINS HSPF model setup form. All of
the fields on the general tab should default appropriately if the BASINS Delineation Tools were



used to create the Subbasins and Streams Layers.

¥ BASINS HSPF - 10| x|

General | Land Use | Streams | Subbasins | Point Sources | Met Stations

HSPF Project Name:  [Patuxent

Land Use Type: [USGS GIRAS Shapefile |
Subbasins Layer [Subbasins =]
Streams Layer: IStreams ;I
Point Sources Layer: IOLrtIets ;I

™ Include Snow Simulation
¥ Enengy Balance Method " Tempersture Index Method (Degree Day)

Blevation Grid: |Digital Elevation Model (02060006demg) v |  Vertical Units: |Meters *I

[T Use Advanced Wetlands Setup

Elevation Grid: | Digital Elevation Model (02060006demg) =l

Wetlands Layer: INLCD 2001 Landcover ;I

— Status
Update specifications if desired, then click OK to proceed.

QK Open Bxsting | Cancel | Help About

3. Click the Met Stations tab to specify the meteorological data to use in the new HSPF model. The
met stations available for selection reflect the available data contained in the WDM files added



to the current BASINS project.

¥ BASINS HSPF = 0] x|

.Genaal | Land Use | Streams | Subbasins | Poirt Sources Met Stations

MO180133:ANNAPOLIS POLICE BRKS (1951/4/1-2006/1/1) -
MD180460:BALTIMORE SLEDDS POINT (1945/12/1-1957/3/1) —
“MD180465:BALTIMORE WASH INTL AP (1370/1./1-200/7/1./1
*MD180700:BELTSVILLE (1970/1,/1-2007/1/1)

MO180701:BELTSVILLE PLANT STN 1 (1543/1/1-1961./1/7)

MO180702:BELTSVILLE PLANT STN 2 (1943/1/1-1961./1/1)

MD180703:BELTSVILLE PLANT STN 3 (1949/1/1-1957/7/1)

MD180704:BELTSVILLE PLANT STN 4 (1943/1/1-1961./1/1) i
MD180705:BELTSVILLE PLANT STN 5 (1543/1/1-1978/10/1)

MO180706:BELTSVILLE PLANT STN & (1543/1/1-1961./1/7)

MO180800:BETHESDA NATL INST HEALTH (1951/1/1-1960/9/1)
MO181TA10:CHELTENHAM 1 NW (1548/8/1-1356/10/1)

MD181995.COLLEGE PARK (1954/2/1-1996/4/1)

MD182325:DALECARLIA RESERVOIR (1948/8/1-2007/1.1)

MO182585:DISTRICT HEIGHTS (1348/8/1-1957/2/1)

MO183230:FORT GEORGE G MEADE (1348/8/1-1975/9/1) ;I

* Full 5et Available

— Status
|Ipdate specifications if desired, then click OK to proceed.

oK Open BEdsting Cancel Help About

4. Choose the Met Station to use for this project, and then click OK to create the HSPF UCl file,
which will be stored in the \BASINS\modelout\project\’ directory. After processing, the main



window of WinHSPF will appear with the new HSPF project.

"__ Hydrological Simulation Program - Fortran (HSPF): Patuxent.uci — |E||i|

File Edit Functions Help B = = Eigh . L~ & B = [ 3 15

[ | | —lm
I RCHRES 1 RCHRES 6
Urban or Built-up La

||

o

E., Agricultural Land | R

= RCHRES 2 RCHRES 3

» I I —

g Forest Land

=]

w

= I

i Barren Land RCHRES 5

]
‘wetlands/Water
"RCARES 4 i
— =
Land Use Reaches | Impind (Acres) | Perind (Acres) | Total (Acres) |
Total 0 0 0
Note: The WinHSPF interface is now active. That program’s documentation contains extensive

instructions on how to further develop an HSPF model.

Data Requirements for Setting up HSPF through BASINS When using
BASINS HSPF to build an initial HSPF User Control Input (UCI) file, the subbasins, streams, and land use
data layers must exist on the map. Generally, the ‘subbasins’ and ‘streams’ (plus an optional ‘point
sources’ layer) will come from a BASINS delineation tool, although equivalent themes from another
delineation tool can be used as well.

BASINS HSPF is designed to be flexible in its handling of GIS layers. While the subbasins and streams
layers from a BASINS delineator tool will typically be used, such layers from any other delineation tool
are also supported. Similarly, while typically a BASINS user will use the USGS GIRAS or NLCD land use
layers, BASINS HSPF supports use of other vector or raster land use layers.

Additional layers may be required depending upon the options chosen in the BASINS HSPF tool. The
Point Sources layer is only needed for identifying point source locations. If no point sources are to be
included in the model, this layer may be omitted. The Land Use Index theme from BASINS is also
required when using the USGS GIRAS land use data.

If snow simulation is desired, the user must specify a choice of simulation methods for snow, a grid of
elevations, and the vertical units of that elevation grid. The elevation grid is used in the model setup
process to compute the average elevation of each HSPF pervious and impervious model segment
(PERLND/IMPLND), which is a required input for HSPF snow simulation.



Beginning with BASINS 4.5, a new option is available for simulating wetlands. This option uses a DEM
grid and a wetlands map layer to determine the amount of land area draining to a wetland before
reaching the stream reach. Using this option, the HSPF project will be created with a wetlands HSPF
reach/reservior (RCHRES) operation draining to each stream RCHRES operation.

BASINS HSPF may also be used to enter WinHSPF with an existing HSPF User Control Input (UCI) file. In
this case the delineation layers are not required.

Creating a New HSPF Project

BASINS HSPF creates a new HSPF project using the GIS layers on the map. Layers used by this extension
include Subbasins, Streams, and optionally Point Sources or Outlets. Depending upon the options
chosen, the Land Use Index and corresponding land use shape files may also be used. A met stations
layer, such as that created by the Data Download tool when downloading meteorologic data, is useful
for locating possible met stations for the HSPF model.

The BASINS HSPF window opens with the interface populated according to the layers available on the
map. The dominant portion of the BASINS HSPF window is a tabbed dialog. Below the tabbed dialog is a
small status frame and a row of command buttons.



= . BASINS HSPF

General | Land Use | Streams | Subbasins | Point Sources | Met Stations

=10l x|

HSPF Project Name:  |Patuxent]

Land Use Type: [USGS GIRAS Shapefile =l
Subbasins Layer: ISubbasins LI
Streams Layer: IStreams ;I
Point Sources Layer: IOLrtIets ;I

™ Include Snow Simulation
% Enengy Balance Method " Temperature Index Method (Degree Day)

Blevation Grid: |Digital Elevation Model (02060006demg) v |  Vertical Units: |Meters *I

[T Use Advanced Wetlands Setup

Elevation Grid: IDig'rtaI Flevation Mode! {012060006demg)

Wetlands Layer: INLCD 2001 Landcover

— Status
Update specifications if desired, then click OK to proceed.

QK Open Bxsting | Cancel | Help

About

The tabbed dialog contains a General tab for specifying general information about the HSPF project to
be created, along with the map layers to be used in creating the HSPF project. The other tabs are used




for specifying more details about the Land Use, Subbasins, Streams, Point Sources layers, and the Met
Stations to be used in the model setup.

The General tab is used to specify the name of the HSPF project (the base name of the UCI file), the Land
Use Type (USGS GIRAS Shapefile, Other Shapefile, NLCD Grid, or Other Grid), the Subbasins layer, the
Streams layer, and the Point Sources layer. By default the HSPF Project name will be the base name of
the BASINS project, and the Land Use Type will be ‘USGS GIRAS Shapefile’. The Point Sources layer does
not have to be specified if there are no point sources to be included in the HSPF project.

The General tab is also used to indicate if snow simulation is desired. If the ‘Include Snow Simulation’
box is checked, the user must specify a choice of simulation methods for snow, a grid of elevations, and
the vertical units of that elevation grid. The elevation grid is used in the model setup process to compute
the average elevation of each HSPF pervious and impervious model segment (PERLND/IMPLND), which
is a required input for HSPF snow simulation.

A recent addition to the General tab is the ‘Advanced Wetlands Setup’ frame. This option uses a DEM
grid and a wetlands map layer to determine the amount of land area draining to a wetland before
reaching the stream reach. Using this option, the HSPF project will be created with a wetlands HSPF
reach/reservior (RCHRES) operation draining to each stream RCHRES operation.

When entering BASINS HSPF from a BASINS project containing the typical BASINS project layers,
including the output from a BASINS delineation and downloaded meteorologic data, all fields in the
interface will be populated. In this case the user may update any of the specifications in the interface if
desired. The met stations to be used in the model are specified through the Met Stations tab, and when
ready the user may click OK to begin the calculations to produce the new HSPF project.

Clicking OK produces the BASINS Files (.wsd, .psr, .rch, and .ptf) used in creating a new UCI file in
WinHSPF. Messages in the Status frame give updates on the progress. These intermediate files are
documented in detail in the WinHSPF Manual. After these files are created, the UCI file is automatically
created.

The new UClI file is written to the HSPF project folder (in the BASINS\modelout directory). Portions of
the UCI file are based on the .wsd, .rch, .psr, and .ptf files created when the OK button was clicked in
BASINS HSPF. Once the UCI file is created the set of files from the BASINS HSPF Extension (.wsd, .rch,
.psr, and .ptf) are no longer used. Initial values for some parameters important to HSPF hydrology
calibration are extracted from the ‘starter.uci’ and deposited into the new UCI file.

A Project WDM File will also be created, using the base file name of the UClI file along with the WDM
extension. This file is used to contain the point source inputs to the model as well as any output time
series from the HSPF simulation.

After the UCl is created the main WinHSPF window appears, entitled Hydrological Simulation Program -
Fortran (HSPF). A schematic diagram of the watershed appears in the main WinHSPF window.

Note: If no subbasins are selected in the map, the HSPF project will be produced using all of the
subbasins in the specified subbasin layer. If specific subbasins are selected, the HSPF project will contain
only those subbasins.



Land Use Tab

The Land Use tab is used to specify details of how land use data is to be extracted for each subbasin.
The interface on this form changes depending upon the Land Use Type specified in the General tab. If
the Land Use Type on the General tab is set to ‘USGS GIRAS Shapefile’, this tab will include a
Classification File selection tool and a grid for specifying the impervious percentage of each land use
type. When using the USGS GIRAS land use data with the default classification file, the land use types
will be reclassified into six categories (forest, agricultural, urban, range land, barren, and
wetlands/water).

If the ‘Other Shapefile’, ‘NLCD Grid’ or ‘Other Grid’ is specified as the Land Use Type, this tab will also
include a drop-down list to specify the land use layer to be used. If ‘Other Shapefile’ is chosen, the
Classification Field is used to specify the descriptive field in the attribute table of the land use layer that
will be used as the land use type in HSPF, as reflected in the Impervious Percent grid. The Impervious
Percent column of the grid is used to specify the percentage of each land use category that is to be
considered impervious.



¥ BASINS HSPF _ ol x|

General LﬁﬂdUSE|Streams|5ubbasins Point Sources MetStatil:lnsl

Land Use Layer:

Classificafion Field:  [LEVELZ ~

Classification File: <hones Change

—otatus

Update specifications if desired, then click Ok to proceed.

K, Clpen Existing Cancel Help Ahout

The Classification file setting is used to specify a .dbf file specifying how the individual land use
categories are to be combined into the set of categories in the model. For instance, using the default
classification file for GIRAS data, residential, commercial, and industrial land use categories are all
grouped together into a broad ‘urban’ land use type. If no classification file is set, each individual land
use category will be represented separately in HSPF. The Reclassify Land Use tool in BASINS can be used
to build other classification files.

Streams Tab

The Streams tab is used to specify details of how data is to be extracted from the streams layer. This tab
contains nine drop-down lists used to specify the Subbasin ID Field, Downstream ID Field, Length Field



(in meters), Slope Field (as percent), Width Field (meters), Depth Field (meters), Minimum Elevation
Field (meters), Maximum Elevation Field (meters), and Stream Name Field. These fields are filled in by
default when using a Streams layer produced using one of the BASINS watershed delineation tools. If
using a Streams layer from another source, the appropriate field names will have to be specified through
this interface. The Subbasin ID field is used to link a stream segment with the subbasin in which it
resides, so the values in this field must correspond to the values in the Subbasin ID field in the Subbasins
tab. The Downstream ID Field is used to establish connectivity between subbasins.

¥ BASINS HSPF (=1

Generall Land Lse Streams Subbasinsl F’DintSDurcesl ket Statin:msl

Subbasin 1D Field: SUBBASIM |
Downstream |0 Field: SUBBASIME |
Length Field (meters): LEMNZ T
=lope Field (percent): aLOz |
Width Field (meters): WiD2 |
Depth Field (meters): CEFZ T
bdin Elew Field (meters): AIMEL T
bdax Elew Field (meters): hdAEL |
stream MName Field: SMARE |

— Status

Update specifications if desired, then click Ok to proceed.

8].8 Dpen Existing Cancel Help About

The values in the length field are used as the values of LEN in the RCHRES HYDR-PARM?2 HSPF table. The
values in the slope, width and depth fields are used in calculating the initial HSPF FTABLES. The values in
the minimum and maximum elevation fields are used to calculate the DELTH in the RCHRES HYDR-



PARM2 HSPF table. The values in the stream name field are used as the reach names in the RCHID field
of the RCHRES GEN-INFO table.

WinHSPF uses the information in these fields to automatically create FTABLEs by using the depth, width,
slope, and length values identified in the Streams Tab. WinHSPF uses Manning’s equation, together with
assumptions about channel geometry, and Manning’s n to calculate FTABLE values of volume, surface
area, and outflow as a function of depth.

The HSPF tool derives the channel cross-section geometry using the mean channel depth and width,
along with the following assumptions (see the diagram of the channel cross-section below):

e the channel cross-section is trapezoidal

e the channel sides have slopes of 1:1

e the channel depth is 1.25 times the mean channel depth

e the flood plain width, on each side of the reach, is equal to the mean channel width
e the depth at which the flood plain slope changes is 1.5 times the channel depth

e the default slopes of the upper and lower flood plain are 0.5:1

e the maximum depth in the FTABLE is set to 50 times the channel depth




WinHSPF then uses the above cross-sectional geometry, the slope value, and an assumed value of 0.05
for the Manning’s n, and Manning’s equation, to calculate outflow for different depths. WinHSPF uses
the channel length, along with the above cross-sectional geometry to calculate the volume and surface
area values in the FTABLE. Users may modify the FTABLES or generate new FTABLES using different
assumptions using the Reach Editor in WinHSPF.

Subbasins Tab
The Subbasins tab is used to specify details of how data is to be extracted from the subbasins layer.

This tab contains three drop-down lists used to specify the Subbasin ID Field, the Slope Field in percent,
and an optional Model Segment ID Field. These fields are filled in by default when using a Subbasins
layer produced using one of the BASINS watershed delineation tools. If using a Subbasins layer from
another source, specify a field with a unique identifier for each subbasin as the Subbasin ID Field, and a
field containing percent slope values as the Slope Field. The Subbasin ID field is used to connect
subbasins to stream segments (see the Streams tab section). The values in the slope field are used as
the values of SLSUR in the PERLND PWAT-PARM2/IMPLND IWAT-PARM?2 HSPF tables. Upon UCI file
creation in WinHSPF, the assumed length of the overland flow plane, LSUR, will be estimated from the
slope value based upon a typical range of the length parameter for a given slope.



¥ BASINS HSPF _ ol x|

.....................................

Generall Land Usel Strearns | Subbasing | PDintSDurcesl ket Statil:lnsl

.....................................

=ubbasin 1D Field: SUBBASIM |
slope Field (percent): =L |
bodel Segment ID Field: <{none> |

—otatus

Update specifications if desired, then click Ok to proceed.

K, Clpen Existing Cancel Help Ahout

The ‘Model Segment ID Field’ drop-down list is used to specify a field on the Subbasin shapefile that
contains a model segment identifier. The model segment identifier may be either a character string or
an integer number. Subbasins that share a common model segment identifier will be grouped into a
single HSPF model segment as the UCl is built. Corresponding meteorologic data can be specified for
model segments through the ‘Met Stations’ tab. The ‘none’ value may be specified if there is no field

containing a model segment identifier, in which case the HSPF UCI file will be built using only a single
model segment.

Point Sources Tab



The Point Sources tab is used to specify details of how data is to be extracted from the point sources
layer to represent point source discharges. The PCS layer in BASINS or an outlets layer produced by a
BASINS delineation tool can be used as the point sources layer.

This tab contains a drop down list to specify the point source id field, another drop down list to specify
the year for which permitted discharges are to be used from the PCS data, plus a check box for
specifying if a custom loading table is to be used. The Point Source ID field should be set to the field
name on the point source layer containing a unique identifier for each point source discharger. When
using the Permit Compliance System data this column will default to the PCSID column, which contains
the NPDES identifiers.

If the Point Sources layer is specified, either as an Outlets layer from a BASINS delineation tool or as the
Permit Compliance System (PCS) layer, the PCS Year field is used to specify the year of PCS data to be
used as the discharge into the reach network. The discharge values for this year will be used as constant
discharges for all years of the simulation.



¥ BASINS HSPF _ ol x|

Generall Land Usel Streamsl Subbasing | Foint Sources | hdet Statil:lnsl

Foint Source D Field: PCSI0 j

PCS Year 13999 |

™ Use custam loading takle

—otatus

Update specifications if desired, then click Ok to proceed.

K, Clpen Existing Cancel Help Ahout

The check box is used to specify a custom point source loading table. This feature can be used to specify
point source loading tables other than those delivered with BASINS. To do so, a Point Source/Outlets
layer must be specified, and the Point Source ID field must indicate the field in the Point Source/Outlets
layer containing a unique identifier for each point source discharger. When this box is checked, the user
will be prompted for the name of the .dbf file containing the loading data. This table of loading data
must contain at least the following four fields. There must be a field containing a unique identifier for
each point source discharger, and this field must have the same name as the Point Source ID field in the
Point Source/Outlets layer. There must be a field named FACNAME containing each facility name.

There must be a field named LOAD containing the load in Ibs/yr, or in the case of flow data, cfs. And
there must be a field named PARM containing the parameter name, which must be FLOW if the data



applies to flow data, or any other name for any other constituent. There may be multiple lines in the
table corresponding to any one point source discharger.

Met Stations Tab

The Met Stations tab contains a list for selecting met stations. The met stations available for selection
reflect the available data contained in the WDM files added to the current BASINS project.

=101 x|

.Geneml | Land Use | Streams | Subbasins | Paint Sources  Met Stations |

MD180133: ANNAPOLIS POLICE BRKS (1951/4/1-2006/1/1) -
MO180460:BALTIMORE SLEDDS POINT (15945/12/1-1957/3/1) —
“MD180465:BALTIMORE WASH INTL AP (1370/1./1-2007/1/1
“MD180700:BELTSVILLE {1970/1./1-2007/1/1)

MD180701:BELTSVILLE PLANT STN 1 (1943/1/1-1961./1/1)

MD180702:BELTSVILLE PLANT STN 2 (1945/1/1-1961./1/7)

MO180703:BELTSVILLE PLANT STN 2 (1945/1/1-1957/7/1)

MO180704:BELTSVILLE PLANT STN 4 (1543/1/1-1961./1/7) e
MO180705:BELTSVILLE PLANT STN & (1949/1/1-1978/10/1)

MD180706:BELTSVILLE PLANT STN & (1943/1/1-1961./1/1)

MO180800:BETHESDA NATL INST HEALTH (1951./1/1-1960./9/1)
MO181710:CHELTENHAM 1 NW {1948/8/1-1356/10/1)

MO181335:COLLEGE PARK (1954/2/1-1996/4/1)

MD182325:DALECARLIA RESERVOIR (1948/8/1-2007/1./1)

MD182585:DISTRICT HEIGHTS (1348/8/1-1957/2/1)

MD183230:FORT GEORGE G MEADE (1348/8/1-1975/9/1) ;I

* Full Set Available

— Status
|Update specifications i desired, then click OK to proceed.

QK Open Existing Cancel Help About

The Met Station list will be populated with the identifier corresponding to Met stations available for use
in the new HSPF project. One item from this list should be selected in order to have some Met data



included in the HSPF simulation. (After the new project has been created other Met stations may be
added through the WinHSPF interface.) If the ‘Model Segment ID Field’ is set in the Subbasin tab, this
list will show each model segment and allow the user to specify a met station for each model segment.
In this case one met station should be specified on each line of the grid.

Note: Model segments will be created based on the number of unique model segments implied by the
values of the ‘Model Segment ID Field’ in the Subbasins tab. If this field is set to ‘none’, a single model
segment (one PERLND/IMPLND per land use) will be created for all subbasins. If the ‘Model Segment ID
Field’ is set to something other than ‘none’, a model segment (one PERLND/IMPLND per land use) will
be created for each unique value in the model segment ID field of the Subbasins shapefile.

Advanced Wetlands Setup

A recent addition to the General tab is the ‘Advanced Wetlands Setup’ frame. This option provides an
advanced wetlands setup capability within the BASINS HSPF setup tool, with which a user can choose to
represent wetlands as separate RCHRES operations, thus taking into account the water quality
improvements that wetlands provide.

With the ‘Advanced Wetlands Setup’ option checked, a DEM grid and a wetlands map layer are used to

determine the amount of land area draining to a wetland before reaching the stream reach. Using this

option, a user explicitly models a wetlands RCHRES as well as the normal stream channel RCHRES within
each subbasin.

[ Use Advanced Wetlands Setup

Hlevation Grid: Digital Blevation Model (02060006demg) |

Wetlands Layer  |NLCD 2001 Landcover |

In addition to the ‘Streams’, ‘Subbasins’, and ‘Point Sources’ GIS layers specified as input to the
BASINS/HSPF model setup tool, the user supplies a DEM, from which flow direction is determined, as
well as a GIS layer indicating areas designated as wetlands. The enhanced model setup tool performs
geoprocessing on these GIS layers, producing a new ‘ToWetlands’ grid indicating areas of the watershed
draining to wetlands prior to entering the stream channel. The ‘ToWetlands’ grid is then used in
creating the HSPF UCI file as described below.

Whereas the normal BASINS/HSPF model setup workflow merely overlays the land use with the
delineated subbasin boundaries to determine the area contributing to each stream reach, the enhanced
model setup tool overlays the land use with both the delineated subbasin boundaries and the
‘ToWetlands’ grid, calculating the area of each land use contributing to the stream reach as well as the
area contributing to each ‘wetlands’ reach. Thus an HSPF model produced using the ‘Advanced



Wetlands Setup’ option will contain both a ‘wetlands’ reach and a stream reach within each subbasin,
where the wetlands reach will be a local tributary to the stream reach.

The user should be aware that there are some limitations to this approach of using RCHRES to simulate
wetlands:

e An FTABLE will be used to represent the area of the wetlands; as the surface area column of the
wetlands RCHRES is variable with depth, there will be under counting of watershed surface area in
dry periods and over counting of surface area in wet periods.

e The accuracy of this method is dependent upon the user supplying adequate FTABLES to represent
the wetlands.

e Water Quality processes are cut off in RCHRES when the water depth is less than 2 inches; this could
be a substantial amount of the simulation time with wetlands represented by RCHRES.

The workflow of the procedure is outlined below:

1.

A DEM layer and a wetlands layer must be part of the project. Several sources of DEM data are
available through the BASINS Data Download Tool. Data sources and download mechanisms for
wetlands data is not automated at this point, but two possible sources of wetlands data include
the NLCD 2001 land cover layer and the wetlands layer from the National Wetlands Inventory.
Wetlands data from both sources are accommodated in this tool. Both the DEM and the
wetlands layer must be loaded as part of the BASINS project.

Select the ‘Advanced Wetlands Setup’ checkbox and specify the DEM and wetlands layers. Set
the other options of the BASINS HSPF setup tool as desired.

Click ‘OK’. During processing, a Flow Direction grid is created based on the input DEM. Then a
‘ToWetlands’ grid is created using the Flow Direction grid, wetlands GIS layer, and stream reach
shapefile. The algorithm for the ‘ToWetlands’ grid uses a pixel-by-pixel approach to determine if
each pixel (grid cell) drains to a wetland or to a stream reach (without first passing through a
wetland).

Using the ‘ToWetlands’ grid, the BASINS/HSPF model setup tool automatically determines the
area of each land use category contributing to each wetland reach as well as to each stream
reach.

The section of the BASINS/HSPF model setup code responsible for creating the HSPF User
Control Input (UCI) file creates both a ‘wetlands’ RCHRES and a stream RCHRES within each
modeled subbasin.

As part of UCI creation, assumptions are made about ‘wetlands’ RCHRES channel dimensions for
creating the FTABLE for the ‘wetlands’ RCHRES operations. Default HSPF parameter values are
applied for the ‘wetlands’ RCHRES operations. Note that the outlets from the new wetlands
RCHRES operations are assumed to connect to the corresponding river RCHRES. It is up to the



user to modify the connectivity and parameterization if the default assumptions are not
appropriate.

The Wetlands Layer may be either a shapefile or a grid layer. The requirement of the grid layer is that
the wetland cells must be coded with a value of 90 or greater, as they are in the NLCD land cover layers.

During processing a grid named ‘Corrected DEM’ will appear on the map. This layer is the pit-filled DEM,
and it is a prerequisite to computing the Flow Direction grid. When computed the Flow Direction grid
will also be added to the map.

When the ‘ToWetlands’ grid is complete, it is added the map as well. An example is shown below. In
the resulting grid, cells corresponding to the stream lines are assigned the value 98, cells draining to
those stream cells without first passing through a wetland are assigned 28, and cells draining to a
wetland before reaching the stream are assigned 29.
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The enhanced workflow described above results in an HSPF UCI file which opens in the BASINS HSPF
User Interface (WinHSPF), with two RCHRES operations per applicable subbasin, one RCHRES
representing the stream channel and one RCHRES representing the wetlands. The ‘wetlands’ RCHRES
includes areas of both riparian and isolated wetlands within the subject subbasin.
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The RCHRES block of the UCI has been updated showing new operations from 101 to 106, where
RCHRES 101 represents the area draining to wetlands before draining to RCHRES 1. The RCHRES
operations with identifiers in the 100s are the wetlands RCHRES operations; notice that there is one per

stream reach (RCHRES 101 and RCHRES 1, for instance).
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RCHRES -
ACTIVITY B
#%% RCHRES Active sections
#E% w - ¥ HYFG ADFG CNFG HTFG SDFG GQFG OXFG NUFG PKFG PHFG
1 108 1 0 0 0] 0 Q 0 0 0
END ACTIVITY
PRINT-INFO
#%% QCHRES Printout level flags
#E% y - ¥ HYDR ADCA CONS HEAT SED GQL OXRX NUTR PLMNK PHCE PIVL PYR
1 108 4 4 4 4 4 4 4 4 4 4 1 g
END PRINT-INFO
BEINARY-INFO
#%% QCHRES Binary output level flags
#E% y - ¥ HYDR ADCA CONS HEAT SED GQL OXRX NUTR PLNK PHCE PIVL PYR
1 106 4 4 4 4 4 4 4 4 4 4 1 g
END BINARY-INFO
GEN-INFO
e Name Nexits  uUnit Systems  Printer
#%% RCHRES t-series Engl Metr LKFG
HEE X - X in  out
1 wWestern Branch Patux 1 1 1 91 0 0 92 0
2 Southwest Branch wes 1 1 1 a1 0 o 92 0
3 South Collington Bra 1 1 1 91 0 0 92 0
4 south Reach, western 1 1 1 91 0 0 92 0
5 western Branch Patux 1 1 1 91 0 0 92 0
6 North Collington Bra 1 1 1 91 0 0 92 0
101 wetlands to R1 1 1 1 a1 0 0 92 0
102 wetlands to R2 1 1 1 a1 0 0 92 0
103 wetlands to R3 1 1 1 a1 0 0 92 0
104 wetlands to R4 1 1 1 a1 0 0 92 0
105 wetlands to RS 1 1 1 a1 0 0 92 0
106 wetlands to R6 1 1 1 a1 0 0 92 0
END GEN-INFO
HYDR-PARML
e Flags for HYDR section
*%%RC HRES VC Al A2 A3 ODFVFG for each *#* ODGTFG for each FUNCT for each
#E% ¥ - X FG FG FG FG possible  exit #*##% possible  exit possible  exit
1 1086 01 1 1 4 0 0 0 O 00 0 0 0 1 1 1 1 1
END HYDR-PARM1
HYDR-PARM2
#%% RCHRES FTBW FTBU LEN DELTH STCOR K5 DE50
wEE oy - X {miles) (ftd (ft) Cin)
1 0 1 9.66 56 3.2 0.5 0.01
2 0 2 12.37 200 3.2 0.5 0.01 -
Kl o

The default FTABLES for the wetlands reaches are created based on the assumed channel dimensions

from BASINS for the corresponding channel reaches, except that the widths of the wetlands are
assumed to be an order of magnitude larger than the corresponding channel reach.

Opening an Existing HSPF Project

The Open Existing button is used to open an existing HSPF project (UCI file) in WinHSPF. To open an
existing UCl file, use the Select UCI dialog to select the existing UCI file that you would like to open.

Note: UCI files created by BASINS are located within the “modelout” folder, typically in

“\BASINS41\modelout\project name”.
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Clicking Open will start WinHSPF. As WinHSPF starts, an initialization process begins, during which the
contents of several files are read into memory, including the files ‘HspfMsg.mdb’ and ‘starter.uci’. The
progress will be visible in the status window. After initialization the main WinHSPF window appears,
entitled Hydrological Simulation Program - Fortran (HSPF).
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As a UCl file is opened, a status window will provide information related to the progress of reading and
interpreting the UCI file. The status window will minimize after the UCI has been processed. A
schematic diagram of the watershed will appear in the main WinHSPF window.

Introduction to the Main WinHSPF Window The main window of WinHSPF contains a menu, a tool bar,
a vertical tab strip, a schematic of the watershed, and an auxiliary table. The tab strip, watershed
schematic, and auxiliary table are not active until a project is active. The information on the tab strip
and auxiliary table pertain to the project represented by the watershed schematic.
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The buttons on the tool bar represent various ways of interacting with the UCI file. The left most
buttons can be used for creating, opening, and saving a project (UCI file). The right most buttons on the
tool bar are used to perform the simulation, i.e. run HSPF, and to view output. The other buttons on the
tool bar are used to view and/or modify the contents of various portions of the UCI file.

The tab strip contains three tabs. The tabs work in conjunction with the figures in the watershed
schematic to display information about the simulation in the auxiliary table. The tabs are used to select
whether to display information related to land surfaces, met segments, or point sources. Highlighting
some items in the tab strip in conjunction with highlighting some figures in the watershed schematic
results in the data common to both being summarized in the auxiliary table. For example, clicking on
the Forest land surface and the RCHRES 1 figure results in the acres of Forested area contributing to
RCHRES 1. Selecting a particular land use in the land surface tab highlights all of the reaches where that
kind of landuse occurs.

Complete documentation of the WinHSPF program is available in the WinHSPF User’s Manual.




SWAT

The Soil and Water Assessment Tool (SWAT) is physically based continuous simulation model useful for
predicting the impact of land management practices on water, sediments, and different agricultural
parameters for watersheds of various scales and complexities. OpenSWAT provides an extensive GIS
interface for SWAT through the BASINS GIS application. The version of SWAT supported in BASINS is
SWAT2005.

A watershed simulation through SWAT is achieved by subdividing the watershed into Hydrological
Response Units (HRUs). HRUs are basically homogeneous subbasins having similar soil, land use, and
slope properties. Main input parameters are grouped into categories such as weather, land cover, soil,
and management within subbasins, plus ponds/reservoirs, ground water, and the main channel or
reach. More information about SWAT can be downloaded here.

Note:  SWAT2005 and the SWAT Editor are not included with this package. They may be downloaded
from http://swatmodel.tamu.edu/

The major steps involved in creating a watershed model using OpenSWAT are listed below:
1. Project Setup
2. Watershed Delineation
3. Land use, soil, slope reclassification
4. Lland use, soil, slope, subbasin overlay
5. HRU Definition
6. Weather data definition

7. Model Run

A more complete tutorial for setting up SWAT within BASINS can be found in the Starting SWAT section
of the manual.

Enabling the OpenSWAT Plug-In

From the main menu in BASINS, select the Plug-Ins menu and then select the Soil and Water Assessment
Tool (SWAT) to activate the OpenSWAT plug-in.


http://swatmodel.tamu.edu/
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Creating a New SWAT Project

Project-related functionalities are grouped under the SWAT project icon; these functionalities can be
accessed by clicking the arrow next to the project icon.

Click the “New SWAT Project” option to create a new project.

ML AR ad.- BRI

Mew SWAT Project

Copy SWAT Project

Delete Project

Froject Properties
About OpenSWAT

k=i SWAT Project Setup

— Project Directory

CABASINSVS WA atuxent

— SWAT Project Database

Database Mame (. mdhb)

FPatuxent.mdb

— SWWAT Parameter Database

Database Name (*.mdhk)

CABASINSWhin\Plugins\SYWATDatabases\SWWAT2005 mdb

Cancel | %4

Project Directory: This is the place users should specify where they want to create project related
databases and other required files. Users can select a directory by clicking the browse button next to
the “Project Directory” name box. A new directory can be created by clicking the “Make New Folder”
button in the Windows interface.

SWAT Project Database: By default, the project database name and project directory name are the

same. If users want, they can give a new name for the project database.




SWAT Parameter Database: This database has most of the required parameters for the SWAT Model.
This database is installed with the OpenSWAT plug-in.

Once you have given the required parameters for the SWAT Project Setup dialog, press the “OK” button.

SWAT Project x|

1)  SWAT Project Setup sucessful

The files created during the project setup are shown below:

@ C:\BASINSSWAT'\Patuxent - 10| x|
File Edit Wiew Favorites Tools Help 1';'
JBack ~ ) ~ [T J,'._\] Search || Folders ‘ & 3 X 6 ‘ e
Address [ CBASINS\SWAT\PatLixent ~| B0 ks
Name - Size | Type

C)Scenarios File Folder

wWatershed File Folder

P atuxent. mdb &4 KB Microsoft Access Application
£l priDBConfig.txt 1KE TextDocument

«| | i

Watershed Delineation

The Watershed Delineation tool on the SWAT toolbar uses a Digital Elevation Model (DEM) grid to
create subwatersheds, much like the Automatic Watershed Delineator in BASINS. OpenSWAT may also
be used with watershed delineations produced using the BASINS Manual Watershed Delineation tool.

The automatic watershed delineator functions can be accessed though clicking the arrow next to the
“Watershed Delineation” icon.
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Automatic Watershed Delineator

YWatershed Reports

Click the “Automatic Watershed Delineator” to start the watershed delineator.



Automatic Watershed Delineation
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Advanced Settings | Close Fun All

Full details of the Automatic Watershed Delineator can be found in the Automatic Watershed
Delineation section of the manual. Example delineation results are shown below.
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Land use/ Soil/ Slope Reclassification

The Land use and Soil definition option in the “Land Use/ Soil/ Slope menu” allows users to specify the
land use, soil, and slope layers that will be used for modeling using SWAT. These layers are then used to
determine the Hydrological Response Unit (HRU) distribution for each sub watershed.

- | 13 ot b osp 1) [ @
Subwatershed Definiton
Land Use and Saoil Definition

HRLI Definition
Analysis Reports




The “Subwatershed Definition” menu option is used to set the Subwatershed and Streams layers to be
used in the reclassification and overlay steps. The user may specify the output of any BASINS watershed

delineation process. Output from either the manual or automatic watershed delineation tools may be
used.

Subwatershed Definition

—oelect the Subwatershed Shape File (Step 1)

— Select the Subwatershed ID Field (Step 2)

IStreamLiﬂl-; b

—oelect the Associated Streams Shape File (Step 3)

IStream Feach Shapefile (net) (020B0006demgnet.sk ¥ = |

Cancel ]

SWAT requires land use data to determine the area of each land category to be simulated within each
subwatershed. SWAT also relies on soil and slope data to determine the range of hydrologic
characteristics found within each subwatershed. The Land use and Soil Definition option guides the user
through the process of specifying the data to be used in the simulation and of ensuring that those data
are in the appropriate format.
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To reclassify Land use and Soil, click on the “Land use and Soil Definition” option. The Land Use/ Soil/
Slope definition window has three different tabs for defining the Land Use, Soil, and Slopes.

To define the Land Use, users should select that LU grid from the “Select the Land use Grid” drop-down
list. After selecting the Land use grid, click the “Load the Table” button to load the unique data from the
grid to the SWAT Land use classification table. Soon after clicking the “Load the Table”, users will get a
message summarizing the information about the grid.

Land Use Loading Info il
\i,) The Landuse data have been sucessfully loaded and clipped to the watershed boundary.

CLIP(Data)

Crerlap area (N map units): 219472956 820413
Percentage of overlap: $9,9928611872022

Mo data area (n map units):0

Crverlap of < 100% may result in same subbasins without any landuse data overlap. This wil result in a falure of thedata overlay pracess. Flease go back and ensure that all of your
subbasins are covered by your landuse datasetbefore proceeding.
o]

The land use grid codes must be assigned a land cover/plant description. Users may import or manually
assign a land cover/plant code. To do so, click on the “Look up Table” button.

iz LULC Lookup Table - |IZI |i|

" LULC USGS Tahle
" MLCD 1992 Tahle

& MNLCD 2001 Table Ok

" ser Tahle Cancel

Users can specify many different standard lookup tables, or they may choose their own custom lookup
table, or they may enter the values manually. Soon after users specify the lookup tables they can view
the Land use descriptions next to the grid values.

Finally users can click the “Reclassify” button to finish the reclassification operation of Land Uses. Upon
completion, a notification of the conclusion of the LU Reclassification is shown.




LU Reclassification

In order to reclassify the soil dataset, go to the “Soil Data” tab. STATSGO soils data is available within
BASINS, so a BASINS user will most likely want to choose “Use STATSGO Shapefile”. After choosing this
option, select the name of the STATSGO soils layer from the drop-down list.
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In order to reclassify the slope, users should browse to slope tab. Users can then select “Single slope” or
“Multiple slope” options. If the “Multiple Slope” option is selected, click the “Number of Slope Classes”
drop-down and select a number of slope classes to define. Then select each “Current Slope Class”,
specify a “Class Upper Limit” value, and click “Add” to add them into the “SWAT Slope Classification

Table”.
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Select “Reclassify” to complete the slope reclassification.

Slope Reclassify

Finally select “Overlay” near the bottom to overlay “Land Use”, “Soil”, and “Slope” grids. This step will
produce a complete Hydrological Response Units (HRUs) map. Upon completion the following
confirmation message is displayed.

x|

! i ) COwverlay operation sucessiully complated!
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HRU Definition/ Hydrologic Response Unit Distribution

Before running the SWAT model, the Hydrological Response Units distribution should be defined based
on the land use, soil, and slopes defined in the previous step. One or more unique land use/soil/slope
combination(s) can be created for each subbasin (there should be at least one HRU per subbasin).

Subdividing the watershed into areas having unique land use, soil, and slope combinations enables the
model to reflect differences in meteorologic conditions for various crops and soils. Runoff is predicted
separately for each HRU and routed to obtain the total runoff for the watershed, increasing accuracy
and giving a more accurate physical description of the water balance.

Users can choose multiple HRU options to create one or more HRUs for each subbasin. In this case users
may specify sensitivities for the land use, soil, and slope data that will be used to determine the number
and kind of HRUs in each watershed.

Select the “HRU Definition” from “Land Use/ Soil/ Slope” menu. From this dialog users can specify
different threshold values for land use, soil, slope percentages for each subbasin. Users can select the
desired threshold values for land use, soil, and slope (for example 15% LU, 10% soil, 10% slope) and click



“OK”. The distributed HRUs can be viewed in the “HRU Distribution Report” by clicking the “Analysis
Reports” menu option. If the distribution is not satisfactory, repeat the preceding steps, altering the
land use, soil, and slope sensitivities, until a satisfactory distribution is obtained.

Note: Selecting the “multiple hydrological response units” option allows users to eliminate minor land
uses in each subbasin. For example, if the threshold for land use is set at 15%, then land uses less than
15% will be eliminated for HRU generation. The soil threshold also works the same way: 10% implies
soils with greater than 10% area will be used to assign a HRU. The slope threshold also works the same
way: 10% implies slope with greater than 10% area will be used to assign a HRU.
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Upon completion of the HRU distribution, a confirmation message is displayed as shown below.

HRU Definition il

HR.Ls definition sucessfully completad!
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Weather Statons

Write Tables

Select the “Weather Stations” option under the “Write Input Tables” menu. A weather data dialog box
will be opened. This dialog will let users define the input data for rainfall, temperature, relative
humidity, solar radiation, and wind speed. For rainfall and temperature, users have the option of
simulating the data in the model or to read from data tables. For the weather data, information can be
simulated using a weather generator based on the data from 1112 weather stations around the US
stored in a database, or custom weather data can be input though a database tables.

k=i Weather Data Definition il
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On the ‘Weather Generator Data’ tab, select the “US Database” Option for weather simulation data.

Activate the ‘Rainfall Data’ tab. Specify the ‘Precip Timestep’ to be ‘Daily’ from the dropdown list. Then,

Then click the cylinder shaped button ( ) to add the weather simulation database automatically.

|

check the ‘Raingages’ radio button. Then, click the browse button ( ) to locate the raingage location
file (in dbf file format).

k=i Weather Data Definition il

YWeather Generator Data. Rainfall Data |Temperature Datal Felative Humidity Datal Solar Radiation Data | Wind Speed Datal

" Simulation Precip Timestep IDain LI
' Raingages
Locations Table: |C:\EIASINS'\data\SWA'I_I'esf\met’\pGageLoc.dbf = |
Status
| |St0p 4
Cancel | Ok

Activate the ‘Temperature Data’ tab. Select the “Climate Stations” option. Then, click the browse button

—ad

( ) next to the “Location Table” text box to locate the temperature gage location file (in dbf file
format).

i Weather Data Definition il

YWeather Generator Data | Rainfall Data.  Temperature Data | Relative Humidity Datal Solar Radiation Data | YWind Speed Datal

" Simulation
& Climate Stations
Locations Tahle: |C:\EIASINS‘-,data\SWA'I_I'esf\,met’\tGageLDc.dbf = I

Status

| jsop | 4

Cancel | (B4 |




Finally, click the “OK” button at the bottom of the dialog to generate the SWAT weather input data files.
Upon its completion, a confirmation message is displayed as shown below:

Weather data definition »

\_i) Weather data definition sucessfully completad!

Writing Input Tables



iz Write Tables

Flease select the table(s) that vou want to write to the project database.

— Tahkles :

W Write All the Tables

W “rite Config Takble

Clear All Selections

W Sail

M Subbasin General Data

M tdain Channel Data

v water Use Data

M Sail Chemical Data

W Stream YWater Quality Data

W watershed Water Quality Data

W ‘Weather Generator

W HRU General Data

W Ground Water Data

M Management Data

M Paond Data

M wWatershed General Data

¥ tdaster Watershed Data File

Cancel W'kt e

4

In order to write the remaining input tables, use the “Write Tables” option under “Write Input Tables”
menu as shown above. This brings up a dialog box which has all the input tables required for SWAT
model run. To write all the tables, click the “Write All the Tables” check box and then click the write
button. By default, Write Config Table is always checked and other tables are unchecked. Users may
uncheck “Write Config Table” option or selectively check those tables a user would like to create and
click “Write” Option.



writing Tables il

Writing Tables Complete

Run SWAT Editor

When a user finishes the writing tables operation using OpenSWAT, the next step is to launch the SWAT
Editor to continue watershed modeling. This can be done by clicking “Launch SWAT Editor” button

(E

The SWAT Editor is useful for:

) on the OpenSWAT toolbar.

e Editing of SWAT Databases

e Editing of SWAT model Parameters

e Editing of model Point source, inlet, and reservoir
e SWAT model setup

e (Calibration and sensitivity analysis

Initially the SWAT Editor has three input files:
1. SWAT Project Geodatabase
2. SWAT Parameter Geodatabase

3. SWAT Executable Folder

Usually the SWAT project Geodatabase is the one field varies between different projects.



(o]

Edit SWAT Input  SWAT Simulation

oWwWAT Froject Geodatabase

CABASIMNSVSWATVPatuxent,Fatuxent. mdb B

oA T Parameter Geodatabase
|C:HEIASIHSRbinHF"IuginshSWA‘I"\,D atabaszes\SWAT2005.mdb B

oA T Executakble Folder
IC:HF"ngram Files\SWATVSWAT 2005 Editor E

E:xit |

When using the SWAT Editor for the first time for a given project, it is recommended that users re-write
all SWAT input files by choosing “Re-Write SWAT Input Files” from the “Edit SWAT Input” menu.

' SWAT Editor _ O] x|
| Edit SWAT Input  SWAT Simulaton

Databases
Update Databases

Foint Source Discharges

Inlet Discharges

Reseryoirs

Subbasin Cata

Watershed Data »
Re-YWrite SWAT Input Files

atabases,=WATZ005 mdb a

005 Editor

@

Integrate AFEX

About SWAT Editor




Since OpenSWAT doesn’t create any text input files, it is recommended to “Select All” items for the first
application and to write them using the “Write Files” option.

' Rewrite SWAT Input Files _|o] x
oelect Input Files to Rewrnte:
oelect All
crop.dat
urban.dat Write Files
pest.dat
fert dat
till.dat
Cancel
A

Upon successfully writing input files, a confirmation message is displayed as below.

x|

j‘,) SWWAT files successully written,

If users want to edit specific inputs, choose input type from “Edit SWAT Input” menu, edit the values,

and save them.

The next step is to run and simulate the model.



1. Go to “SWAT Simulation” and click the “Run SWAT” option. That will bring up the “Setup and
Run SWAT Model Simulation” dialog box.

Setup and Run SWAT Model Simulation - |E| |i|
—Feriod of Simulation
Starting Date - |1/1/2000 [ﬂl Ending Date : 12/31/2008| Eﬂl I Simulate Forecast Period
Rainfall Sub-Daily Timestep————— | [ Farecast Period
Tirnzstay: I :,v fillsuters Starting Date : I El Mumber of Simulations: I
—Fainfall Distribution Printout Settings
* Skewed normal " Daily ™ Print Soil Chem Output T Print Hourly Output
' Mixed exponential |1_3 « Monthly ™ Print Pesticide Output [ Print Sail Starage
C vearly  NYSKIP |D I™ Print Log Flows W Limit HRU Output
Deposition File: El Setup SWAT Run RPur SYAT Cancel

2. Specify the starting and ending simulation dates and then press “Setup SWAT Run.”

3. If the setup is successful, users will get a confirmation message.

x|

1)  Firished SWAT Setp!

4, After that, click the “Run SWAT” button.



5. Users can then view a DOS window showing year of SWAT Run and progress of model run.

ArcSWAT X

\ i ) SWWAT run successiul,




AQUATOX

AQUATOX is a time-variable ecological risk assessment model that simulates the fate and effects of
various environmental stressors in aquatic ecosystems. It simulates the fate and transfer of pollutants
from loads to the water, sediments, and biotic components, and transfer throughout the food web.
Simultaneously it predicts the effects of the stressors on the ecosystem, by simulating the chemical,
physical and biological processes that bind the ecosystem together. AQUATOX can predict the fate and
ecological effects of nutrients, organic toxicants, and bioaccumulative compounds, as well as the
expected ecosystem responses to pollution reductions. It considers several trophic levels, including
attached and planktonic algae and submerged aquatic vegetation, invertebrates, and forage, bottom-
feeding, and game fish; it also represents associated organic toxicants.

Environmental management programs and activities that could benefit from application of AQUATOX
include water quality criteria and standards, Total Maximum Daily Loads (TMDLs), identification of the
cause(s) of biological impairment where there are multiple stressors, and ecological risk assessments.

Data Requirements for Setting up AQUATOX through BASINS: When using BASINS to build an initial
AQUATOX input file, a ‘streams’ layers must exist on the map, and a single stream segment from that
layer must be selected. Generally, the ‘streams’ layer will come from a BASINS delineation tool,
although equivalent themes from another delineation tool can be used as well.

Key Procedures



1. Back on the main BASINS window, select Model Setup (HSPF/AQUATOX) from the Plug-ins
menu so that it is active. This will add Models to the menu on the main form.

Plug-ns | Watershed Delineation  Converters  Sha

, Edit Plug-ns t

! SI:I'il:ItE |'
Analysis »
Archive Project Tool !
BASIMNSG 4.1

C5V to Shapefile Converter

D4EM Data Download 3
EF& S\WMM 5.0 Setup
EFA WASP 7.3 Setup

en5SFM
WLF-E Data Processor
HSPFParm - Parameter Database for HSPF

Manual Delineation

Model Segmentation

Model Setup (HSPF/AQUATOX) ||
Pollutant Loading Estimator (PLOAD)

TR R R S

2. Select Models:AQUATOX from the main menu to invoke the BASINS AQUATOX form. All of the
fields on both the General and Streams tabs will default appropriately if the BASINS Delineation



Tools were used to create the Stream Reach Shapefile.
- BASINS AQUATOX

Reach File, %1 -

3. Click to Ok button to open the AQUATOX interface.



PLOAD

The BASINS Pollutant Loading Estimator (PLOAD) is a simplified, GIS-based model to calculate pollutant
loads for watersheds. Based on the PLOAD extension developed for BASINS 3.0 by CH2M HILL in
Herndon, Virginia, PLOAD estimates nonpoint sources (NPS) of pollution on an annual average basis, for
any user-specified pollutant. The user may calculate the NPS loads using either of two approaches, using
Export Coefficients or the EPA’s Simple Method. Optionally, best management practices (BMPs), which
serve to reduce NPS loads, point source loads, and loads from stream bank erosion may also be included
in computing total watershed loads. PLOAD produces maps and tables showing the NPS pollution
results, and the tool can be run multiple times to compare results under various scenarios.

Data Requirements for PLOAD: PLOAD calculates loads for any subbasin polygon shapefile,
which may be user-supplied or the output of one of the BASINS watershed delineation tools. In
addition to this subbasin shapefile, the PLOAD application requires pre-processed GIS and
tabular input data as listed below:

e GISland use data

e Pollutant loading rate data tables

e BMP site and area data (optional)

e Impervious terrain factor data tables (for the Simple Method only)
e Pollutant reduction BMP data tables (optional)

e Point source facility locations and loads (optional)

e Bank Erosion data tables (optional)

PLOAD was designed to be generic so that it can be applied as a screening tool in a wide range of
applications including NPDES stormwater permitting, watershed management, or reservoir protection
projects. Subsequent sections of this manual describe the PLOAD input data, pollutant loading
calculations, and instructions for the user interface.

Key Procedures



1. Select Plug-ins:Pollutant Loading Estimator (PLOAD) from the plug-ins menu so that it is active.

This will add PLOAD to the Models menu on the main form.
I

Plug-ns | Watershed Delineation  Converters  Shap

Edit Plug-ins

Scripts t

Analysis 3

Archive Project Tool &
BASIMNS 4.1

CSY to Shapefile Converter

D4EM Data Download 2

L

orar

EPA SWHMM 5.0 Setup
EPA WASP 7.3 Setup
GeaSFM

GWLF-E Data Processor

HSPFParm - Parameter Database for HSPF

T

Manual Delineation

Model Segmentation
Model Setup (HSPF/AQUATOX)
Pollutant Loading Estimator (PLOAD) ||

[ e ] & [ & [ & @ &

2. Select Models:PLOAD from the main menu to invoke the BASINS Pollutant Loading Estimator
form. The General tab of this form contains the major options that must be specified to run
PLOAD. The user must choose between the Export Coefficient and Simple Method, select the
pollutants to model from the list, specify the subbasins layer (in the example below the
subbasins are output from a previous watershed delineation process), and specify the type of



land use data. There is no limit to the number of pollultants that can be selected.

“ . BASINS Pollutant Loading Estimator 0] x|
bethod: Fallutants:
* Export Coefficient FATHOGEMNS o
: EOD

" Simple (EMC)
Subbasins Layer Iwb cubs j
Land Use Type: |USGS GIRAS Shapefile =l
Generate Cancel Help About

3. Change to the Export Coefficients tab. This tab shows a table of export coefficients for each

land use category and each pollutant. The tables of export coefficients and event mean

concentrations must be reviewed by the user, as only starting values are supplied, and these




numbers are not necessarily appropriate. Edit the export coefficients as needed.

?. BASINS Pollutant Loading Estimator

=10] x|

General | Precipitation | Land Use | Export Coefficients | Point Sources | BMPs | Bank Erasion |

Export Coefficient File YBASINS\etcploadiecyiras. dbf Save | Change |
(lbsfactyr, countsfachr for bacteria)
-—_------ =
10 Urban or Builtup Land  Z000.10 50.0 500.0 500.0 500.0 0 al
B EEsidentisl e 2000.0 50.0 500.0 500.0 500.0 a.u 2.D 3.
12 Commercial and service  Z000.0 50.0 500.0 500.0 5000 6.0 2.0 af
T iRsustral 20000 50.0 500.0 500.0 5000 8.0 2.0 &l
14 Transportation, commun Z000.0 50.0 500.0 500.0 5000 8.0 2.0 3f
15 Industrial and commerc 200010 50.0 500.0 500.0 5000 8.0 2.0 &l
18 Mixed urban or built-u 2000, 50.0 500.0 500.0 5000 8.0 2.0 &
17 Otherurban or buit-u 20000 50.0 500.0 500.0 5000 6.0 2.0 3iv
4| | b
Generate Cancel Help About

4. Click Generate to execute PLOAD. When PLOAD has finished, new layers will appear on the
map, showing the PLOAD results as Estimated Annual Pollutant Loads for the selected




pollutants.
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Input Data A variety of GIS and tabular source data are accessed by the PLOAD model. This section
describes the required and optional input data components. Note that the GIS data must be in shapefile
format or GeoTiff grid format, while the tabular data must be prepared as dbf files.

GIS Data

Watershed boundary and land-use GIS data layers are required for PLOAD. The watersheds define the
areas for which the pollutant loads are calculated. The watershed layer must have a code field
containing unique identifiers for each watershed. The land use file is essential for calculating the
pollutant loads. The land use coverage must also have a code field identifying the land use types, but
these types need not be unique. Prior to calculating the pollutant loads, PLOAD will spatially overlay the
watershed and land use coverages in order to determine the areas of the various land use types for each
watershed. The land use layer should encompass the entire watershed. USGS GIRAS land use or NLCD
land use, available through BASINS, may be used, or a user-supplied land use shapefile or grid may be

used.



BMPs serve to reduce pollutant loads using natural processes (settling, filtration, and biological uptake)
for the BMP area of influence. PLOAD will account for the influence of either site or areal BMPs. Site
BMPs represented as point shapefiles must contain attribute codes describing the BMP type and area of
influence. Areal BMPs must be delineated as polygon files coded for BMP type only. The polygon
boundaries define the area of influence. BMP input is optional because they may not exist for the area
of evaluation or be desired for analysis. Usually, BMPs must be identified and mapped by water
resource specialists, then converted as map layers for most evaluation areas. Digital files or hardcopy
maps are seldom available for most study areas. BMPs may also be specified in tabular form as a
percent removal from each subbasin. Note: Site and areal BMP removals are assumed in parallel and
not in series.

Point sources may also be considered in the loading calculations. PLOAD will account for the influence
of point sources. Point sources may be represented as point shapefiles must contain an attribute code
identifying the point source id (such as NPDES number). If point sources are input as a point shapefile, a
loading table is also required to specify the load of each pollutant from each point source facility. Point
Source input is optional. Point Sources may also be specified in tabular form as a load from each
subbasin.

Tabular Data

Pollutant loading rate, point source loading rate (optional), bank erosion loading rate (optional),
impervious factor (for the Simple Method), and BMP efficiency information (if BMPs are modeled) must
be compiled in tabular files for use in the PLOAD application. These files of tabular input data can be
provided in dBASE (dbf) tables. The pollutant loading tables consist of the event mean concentration
(EMC) and the export coefficient. The EMC and export coefficient tables contain pollutant rates for all
land use types. The user may use PLOAD to estimate pollutant loads for any pollutant if EMCs or export
coefficients are available. Pollutants commonly evaluated include:

e Bacteria
e TSS

e Nitrogen
e Lead

e TDS

e Nitrate plus Nitrite

e Zinc
e BOD
e TKN

e (COD



e Ammonia
e Phosphorus

Multiple versions of each type of table may be generated to simulate alternative conditions. Starting
values for export coefficients and event mean concentrations are provided for a range of pollutants. A
description of each table is provided below.

Export Coefficient Table

The export coefficient table lists loading rates for each pollutant type by land use type. The first record
(row) of the table must identify the field names starting with land use type followed by the available
pollutants. The table may contain any number of land use and pollutant types. The land use types must
be the same in the table as they are in the land use map layer. There should be loading rates for each
land use and pollutant type in the evaluation area, otherwise the load for the area will be zero. The rates
in the export coefficient table are measured in pounds per acre and are typically used to calculate the
pollutant loads for rural land use types.

The columns of pollutants in the export coefficient table represent the range of pollutants available for
modeling. The user may add a column to the export coefficient table, and the name of that new
pollutant will be available in PLOAD. The export coefficient table is developed by water resource
engineers generally based on values available from the literature or they can be developed based on
analysis of watershed stormwater monitoring data.

Event Mean Concentration Table

The event mean concentration (EMC) table is very similar to the export coefficient table. This table
contains a special second column specifying the impervious factor for each land use type. The
impervious factor column identifies the percentage of imperviousness for each land use type. It is used
to calculate the EMC runoff coefficient. If there is no impervious factor in the table for a particular land
use type, then the EMC runoff coefficient will default to zero for areas with that land use. The
impervious factors can be developed by water resource engineers and GIS analysts, by analyzing the
impervious surfaces of different land uses on aerial photographs, or by use of literature values.

The EMC values are measured in milligrams per liter and typically used to calculate the pollutant loads
for urban land use types. The EMC table is developed by water resource engineers, based on values
available from the literature, or it can be developed based on analysis of watershed storm water-
monitoring data.

Point Source Loading Table

If point sources are input as a point shapefile, a loading table is also required to specify the load of each
pollutant from each point source facility. The columns in the table consist of the point source facility
identifier followed by the loading values for each pollutant in pounds per year, where each column
represents a discharge facility.

If no point source layer is specified but point sources are to be used, the point source loads may be
specified in tabular form as a load in pounds per year from each subbasin. The first record (row) of the



table identifies the field names starting with Subbasin ID followed by the pollutants under evaluation.
The subbasins or pollutant types without loading values are assumed to have no point source loads.

Bank Erosion Loading Table

The bank erosion loading table specifies the load of TSS from streambank erosion within each subbasin
in pounds. TSS is the only pollutant to which this option applies. The first record (row) of the table is a
header line identifying the field names. Each subsequent record contains the Subbasin ID followed by
the annual load of TSS in pounds. The subbasins or pollutant types without loading values are assumed
to have no load from bank erosion.

BMP Efficiency Table

The BMP table identifies the percentage of efficiency for reducing pollutant loads for each BMP type.
The first record (row) of the table identifies the field names starting with BMP type and BMP name
followed by the pollutants under evaluation. The table may contain any number of BMP types. The
pollutant types without percentage efficiency multipliers will not reduce the pollutant load for the BMP
type. The BMP table is developed by water resource engineers by use of literature values, or by
analyzing local monitoring data comparing pollutant loads entering and leaving BMPs.

If no BMP layer is used, the BMP table identifies the percentage of efficiency for reducing pollutant
loads for each subbasin. The first record (row) of the table identifies the field names starting with
Subbasin ID followed by the pollutants under evaluation. The subbasins or pollutant types without
percentage efficiency multipliers will not reduce the pollutant load for the BMP type.

Note: The Export Coefficient and Event Mean Concentration tables provided with BASINS contain
“representative” values as presented in the PLOAD v3 Users Manual distributed with
BASINS 3.1 (available in the BASINS/docs folder in the file PLOAD_v3.pdf). These values
represent a starting point and are based on data from a number of published sources,
however they are specific to particular geographic regions. It is important that the user
obtain appropriate values from studies in the corresponding geographic region.

Pollutant Loading Calculation Equations Annual pollutant loads may be calculated for each
watershed using either areal export coefficients or EPA’s Simple Method approach.

The Simple Method is an empirical approach developed for estimating pollutant export from urban
development sites in the Washington, DC area (Controlling Urban Runoff: A Practical Manual for
Planning and Designing Urban BMPs, Schueler, July 1987). Its application is limited to small drainage
areas of less than one square mile. (Compendium of Tools for Watershed Assessment and TMDL
Development, EPA, May 1997). The Simple Method has been endorsed by EPA as a viable screening tool
for NPDES stormwater projects (e.g. Guidance Manual for the Preparation of Part 2 of the NPDES Permit
Application for Discharge from Municipal Separate Storm Sewer Systems, EPA, 1992).



The areal export coefficient model is a similarly empirical approach that provides total loads based on
factors containing mass pollutant per unit area, per year. This option is provided for agricultural and
undeveloped land uses or larger watersheds for which the Simple Method may not apply.

Optionally, the pollutant loads derived from these methods may be refined based on the remedial
effects of BMPs. Loads from Point Sources and TSS loads from streambank erosion may also be
included.

Descriptions of the equations used to calculate the pollutant loads follow.
Export Coefficient Method
If the export coefficient method is designated for calculating pollutant loads in PLOAD, then the loads
are calculated for each specified pollutant type by watershed using the following equation:
Lr= Zu(Lru * Av)
Where: Lp = Pollutant load, lbs;

Lru= Pollutant loading rate for land use type u, Ibs/acre/year; and

Avu = Area of land use type u, acres

The loading rates are derived from the export coefficient tables, while the land use areas are interpreted
from the land use and watershed GIS data.

Simple Method

If the Simple Method is designated for calculating pollutant loads in PLOAD, then two equations are
required to calculate the loads for each specified pollutant type. First, the runoff coefficient for each
land use type must be derived with the equation:

Ry = 0,05 + (0.009 ™ Iyy)

Where: Ryu = Runotf Coetficient for land use type u, inchespy/ incheszan

I = Percent Imperviousness

Percent impervious is extracted from the second column of the Event Mean Concentration table.

The pollutant loads are then calculated with the following equation:



Le=Zu(P*PyRwu™ Cu* Au™2.72 / 12)

Where: Lp
P

P; = Ratio of storms producing runoff (default = 0.9)

Pollutant load, 1bs

Precipitation, inches/ year

Riu= Runoff Coefficient for land use type u, inchespn/inches;am
Cy = Event Mean Concentration for land use type u, milligrams/liter

Avu = Area of land use type u, acres (In BASINS areas calculated from GIS data are
in square meters. PLOAD converts areas from square meters to acres prior to
using the information in the above equation)

The precipitation and storm ratio values are entered by the PLOAD user interactively. The loading rates
are derived from the EMC tables, while the land use areas are interpreted from the land use and
watershed GIS data.

BMP Computations

BMPs serve to reduce pollutant loads, and PLOAD has an option to calculate loads based on the
remedial effects of the various BMP types. This section describes the equations used to calculate
pollutant loads influenced by BMPs. BMP types may be represented as either area or site features, but
the approach for both is similar. After the raw pollutant loads are calculated using the export coefficient
or simple methods, three equations are used to recalculate the pollutant loads.

First, the percent of the watershed area serviced by BMPs are determined using the following equation:
% ASB}_.ﬂ:' = P&SE:MP,/ AB

Where: % ASp,p = Percent area serviced by the BMP, decimal percent
ASpyp = Area serviced by the BMP, acres

Ag = Area of watershed, acres

The BMP and watershed areas are derived from the BMP and watershed GIS data.

Next, the pollutant loads remaining after removal by each BMP are calculated. Note that BMPs are
assumed in parallel and not in series, or in other words, each BMP reduction is calculated coming from
the full pollutant load coming off the watershed.



Leave= (Lp" % ASene ) ™ [1- % EFFene,/ 100]

Where: L = BMP load, lbs
Lp = Raw watershed load, 1bs

%EFF = Percent load reduction of BMP, percentage

The raw watershed pollutant loads are derived from the results of the export coefficient or simple
methods, while the percent load reduction comes from the BMP efficiency tables.

Finally, the total pollutant loads accounting for BMPs are computed by watershed. Each watershed load
is a cumulative total of areas that are and are not influenced by BMPs.

L= (Zeve (Lene)) + Lep ™ (Ag- ( Zas (AS E?-;]I—'})|

Point Source and Streambank Erosion Loads

Pollutant loads from Point Sources and Streambank Erosion (for TSS only) are added to the pollutant
loads coming from each watershed, after the effects of BMPs (if any) have been considered. Point
source and bank erosion loads are included in the total loads reported by PLOAD as well as in the per
acre loads. Setup and Executing PLOAD The BASINS Pollutant Loading Estimator estimates
pollutant loadings using the GIS layers on the map along with additional input tables. Layers used by
this plug-in include Subbasins, Land Use, and optionally Point Sources and BMPs.

The PLOAD window opens with the interface populated according to the layers available on the map.
The dominant portion of the PLOAD window is a tabbed dialog. Below the tabbed dialog is a row of
command buttons.



“.BASINS Pollutant Loading Estimator =10lx|

General | Precipitation | Land Use | Export Coefficients | Paint Suurcesl EIMPsl Bank EI’DSiDI"lI

hethod: Follutants:
% Export Coefficient FATHOGENS o
BOD

" Simple (EMC)

Subbasins Layer: Iwb suhs j
Land Use Type: IUSGS GIRAS Shapefile j
Generate Cancel | Helg | About

The tabbed dialog contains a General tab for specifying general information about the pending PLOAD
simulation. The other tabs are used for specifying additional details. These tabs include the following:

e Precipitation Specifications

e lLand Use Specifications

e Export Coefficient or Event Mean Concentrations Specifications
e Point Sources Specifications

e  BMP Specifications

e Bank Erosion Specifications

In the General Tab the user may choose between the Export Coefficient and Simple (EMC) Methods for
computing loads. The user chooses one or more of the pollutants in the list and chooses the land use
type. If ‘USGS GIRAS Shapefile’ is chosen as the land use type, no other specifications are required. If
one of the other land use types is chosen, the user must proceed to the Land Use tab to specify the
corresponding land use layer.

Once the user is satisfied with the input selections, the Generate button may be used to begin the
PLOAD calculations. When the calculations are complete, new layers will be added to the map in a
group entitled Estimated Annual Pollutant Loads. For each pollutant selected, a layer will be added



corresponding to estimated loads for each subbasin, loads per acre for each subbasin, and for the
Simple Method only, EMCs within each subbasin.
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The layers added to the map are copies of the specified subbasin layer, with a field added to the
respective attribute table containing the loading data (loads, loads per acre, or EMCs). The values in the
table can be viewed using the MapWindow Table Editor.
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Precipitation Tab The Precipitation tab is used to specify the input precipitation values needed for the
Simple Method. If using the Export Coefficient Method the tab includes only a message indicating that
there is nothing to specify.
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If using the Simple Method a pair of radio buttons appears in the upper left corner for specifying
precipitation input options. The user may enter annual precipitation (in inches) as either a single value
for all subbasins, or a unique value for each subbasin. If the single value option is chosen, the user
enters the annual precipitation and the ratio of storms producing runoff as shown below.
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If the user wishes to enter a different value for each subbasin, the user enters the ratio of storms
producing runoff as a single value, but then enters the annual precipitation for each subbasin in the grid.
The Subbasin ID Field is used to specify which field of the subbasins layer is the unique identifier, to be
used in the grid below (the name of the field may be different from the ‘ID’ shown here, depending
upon the source of the subbasins layer). The Change button may be used to load a DBF file containing
the annual precipitation for each subbasin, and the Save button is used to save the grid of annual
precipitation values to a DBF file.
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The file “\BASINS\etc\pload\precload _example.dbf’ is provided as an example of an annual precipitation
file. The user may produce a file such as this either in this interface or in any spreadsheet application
that supports DBF files. Land Use Tab The Land Use tab is used to specify the input land use layer
needed for PLOAD. If using the USGS GIRAS Land Use option, this tab includes only a message indicating
that there is nothing to specify. PLOAD knows to load the necessary GIRAS land use tiles from BASINS.
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If the user chooses the NLCD Grid, Other Grid, or Other Shapefile option, the Land Use tab is used to
specify which map layer to use containing the corresponding type of data. After the layer is specified
the user must specify the field of that layer containing a unique land use identifier. The values of this
identifier must correspond with the land use codes in the Export Coefficient or Event Mean
Concentration tab.
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Export Coefficient or Event Mean Concentrations Tab The Export Coefficient or Event Mean
Concentrations tab is used to specify the Export Coefficients for the Export Coefficient Method or the
Event Mean Concentrations for the Simple Method. If using the Simple Method this tab is also used to
enter the impervious percentage for each land use category.

Whichever option is used the tab contains a grid of values to be used in the PLOAD calculations for each
land use category for each pollutant. The pollutants in the columns of this grid determine the set of
pollutants that will be available in PLOAD. The user may import another DBF of values if desired using
the Change button, and once modified the user can save the grid using the Save button.
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If entering Event Mean Concentrations there is an additional column required, entitled Impervious. This
column is used to enter the impervious percentage for each land use type.
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Starting tables of Export Coefficients and Event Mean Concentrations are provided in the
\BASINS\etc\pload folder for GIRAS and NLCD land use categories.

Note: The Export Coefficient and Event Mean Concentration tables provided with BASINS contain
“representative” values as presented in the PLOAD v3 Users Manual distributed with
BASINS 3.1 (available in the BASINS/docs folder in the file PLOAD v3.pdf). These values
represent a starting point and are based on data from a number of published sources,
however they are specific to particular geographic regions. It is important that the user
obtain appropriate values from studies in the corresponding geographic region.

Point Sources Tab The Point Sources Tab is used to specify the PLOAD linkage to point source loads.
The tab includes a checkbox to specify whether point sources will be considered.

A point source layer may be identified, and if so this tab will require the user to specify a field within
that layer’s attribute table to indicate a unique identifier for each point source facility (such as NPDES
number). With a point source layer identified, the user should reference an existing DBF file of point
source loads using the Change button. This file will be loaded into the point source tab as a grid, with
the facility identifiers in the first column followed by annual loads of each pollutant for each facility. The
Save button may be used to save a modified point source loading file to disk.
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The user may alternatively choose to enter point source loads not from a map layer but as a simple table
of loads for each pollutant and subbasin. If the Point Source Layer is set to ‘none’, the user must specify
a unique subbasin identifier field (the name of the field may be different from that shown here,



depending upon the source of the subbasins layer), and a grid will be displayed showing the point source
load for each subbasin and pollutant. The Change button may be used to load an existing DBF file of

point source loads by subbasin. The Save button may be used to save a modified point source loading
file to disk.
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The file \BASINS\etc\pload\pointload_example.dbf” is provided as an example of a point source loading
file corresponding to a map layer. The file \BASINS\etc\pload\pointloadbysubbasin_example.dbf” is
provided as an example of a point source loading file by subbasin. The user may produce files such as
these either in this interface or in any spreadsheet application that supports DBF files. BMPs Tab
The BMPs Tab is used to specify the pollutant removal percentages due to BMPs in PLOAD. The tab
includes a checkbox to specify whether BMPs will be considered.

The user may choose to enter BMPs through a map layer or simply as a table of removal percentages for
each pollutant and subbasin. If the BMP Layer is set to ‘none’, the user must specify a unique subbasin
identifier field, and a grid will be displayed showing the BMP removal percentages for each subbasin and
pollutant. The Change button may be used to load an existing DBF file of BMP removals by subbasin.
The Save button may be used to save a modified BMP removal file to disk.
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Alternately, a BMP map layer may be identified, and if so this tab will require the user to specify
additional fields. The user must specify a field within that layer’s attribute table to indicate a unique
identifier for each type of BMP. If the BMP layer is a point layer, the user must also specify a field in that
layer’s attribute table indicating the area (in acres) to which that BMP applies. (If the BMP layer is a
polygon layer the area will be calculated from the shapefile.) With a BMP layer identified, the user
should reference an existing DBF file of BMP removal efficiencies using the Change button. This file will
be loaded into the BMPs tab as a grid, with the BMP type identifiers in the first column, and a BMP
name in the second column, followed by percent removal efficiencies for each pollutant for each BMP
type. The Save button may be used to save a modified BMP efficiency file to disk. Note that no BMP
map layer is provided with BASINS; it is up to the user to create this layer if desired.
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The file “\BASINS\etc\pload\bmpeffic_example.dbf’ is provided as an example of a BMP removal
efficiency file. The user may produce a file such as this either in this interface or in any spreadsheet
application that supports DBF files. Bank Erosion Tab The Bank Erosion Tab is used to specify loads
from Bank Erosion contributing to TSS pollution. This tab includes a checkbox to specify whether bank
erosion loads will be considered. The only pollutant to which the Bank Erosion feature applies is TSS.

Through this option the user may choose to enter loads from bank erosion as a simple table of loads for
each subbasin. The user must specify a unique subbasin identifier field, and a grid will be displayed
showing the load for each subbasin. The Change button may be used to load an existing DBF file of
streambank loads by subbasin. The Save button may be used to save a modified streambank erosion
loading file to disk.
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The file “\BASINS\etc\pload\bankload example.dbf’ is provided as an example of a streambank erosion
loading file. The user may produce a file such as these either in this interface or in any spreadsheet
application that supports DBF files. Selected Literature References for Export Coefficients and Event
Mean Concentrations
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SWMM

The EPA Storm Water Management Model (SWMM) is a dynamic rainfall-runoff simulation model used
for single event or long-term (continuous) simulation of runoff quantity and quality from primarily urban
areas. The runoff component of SWMM operates on a collection of subcatchment areas that receive
precipitation and generate runoff and pollutant loads. The routing portion of SWMM transports this
runoff through a system of pipes, channels, storage/treatment devices, pumps, and regulators. SWMM
tracks the quantity and quality of runoff generated within each subcatchment, and the flow rate, flow
depth, and quality of water in each pipe and channel during a simulation period comprised of multiple
time steps.

SWMM is widely used throughout the world for planning, analysis and design related to storm water
runoff, combined sewers, sanitary sewers, and other drainage systems in urban areas, with many
applications in non-urban areas as well. In addition to modeling the generation and transport of runoff
flows, SWMM can also estimate the production of pollutant loads associated with this runoff.

BASINS allows the user to build a new project and open SWMM directly from the BASINS user interface.
The following sections provide more details on using SWMM through BASINS:

e Data Requirements for Setting up SWMM through BASINS
e Preparing GIS Data for use in the BASINS/SWMM Plug-in
e (Creating a New SWMM Project

e Opening an Existing SWMM Project

Note: SWMM 5.0 is not included with this package. It may be downloaded from
http://www.epa.gov/ednnrmrl/models/swmm/

Key Procedures


http://www.epa.gov/ednnrmrl/models/swmm/

1. Select EPA SWMM 5.0 Setup from the Plug-ins menu so that it is active. This will add SWMM to
the Models menu on the main form.

Flug-ins | Watershed Delneation  Shapefile Editor
Edit Flug-ins
Soripts..,
Anahysis b
“ | Archive Project Tool
v | BASIMNG 4
CSY 1o Shapefie Corverter
C4EM Data Download b
v | EPA SWMM 5.0 Setup

2. Select Models:SWMM from the main menu, and the BASINS SWMM form appears. The
interface loads with the General tab active. This tab includes fields for the user to specify the
SWMM project name (which defaults to the name of the BASINS project), the land use type
(NLCD Grid and USGS GIRAS shapefile are 2 types available in BASINS depending upon the data
downloaded for the project, or a user may choose to specify another grid or shapefile), map
layers for subcatchments, conduits, and nodes (nodes layer is optional), the BASINS met stations
layer (usually called Weather Station Sites 2009 in BASINS), and start and end dates for the
simulation. The Met Stations Layer field will default to the Weather Station Sites if they have
been downloaded for this project.
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As the BASINS/SWMM Pluglin loads, the meteorological data is scanned to build the lists of
available met data. This process may take a minute or two, depending upon how much met
data is included in the BASINS project. The start and end dates for the simulation default to the
most recent calendar year of data for the selected met stations (specified on the Met Stations
tab). The simulation dates can be changed to any period within the span of the selected met
stations, but be aware that using many years of hourly met data will result in a very large

SWMM project file.




3. Click the Met Stations tab to specify the meteorologic data to use in the new SWMM project. A
Met WDM File will already be specified if one has already been downloaded and the Met
Stations Layer field has been set appropriately; if not the user must browse to the intended
WDM file. The BASINS/SWMM interface allows a user to specify a single precipitation station for
the entire SWMM study area, or a precipitation station for each SWMM catchment. The other
meteorologic constituents are limited to one station for the entire SWMM project.
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4. Once all of the specifications are set as desired, click OK to create the SWMM project. After
processing, the SWMM 5.0 interface will open with the newly created project.



Data Requirements for Setting up SWMM through BASINS The BASINS/SWMM Setup Plug-in allows a
user to set up a SWMM project using the GIS and meteorologic timeseries data available within BASINS.
This plug-in is normally used in conjunction with existing shapefiles of subcatchments, conduits, and
nodes, as might be available for an existing storm or sanitary sewer system.

When using BASINS/SWMM to build an initial SWMM Project File, the subcatchments, conduits, and
nodes layers must exist on the map. If no nodes layer is provided, the plug-in will attempt to build
SWMM nodes at either end of each conduit segment. The ‘subbasins’ and ‘streams’ outputs from the
BASINS watershed delineation tools may be used as the subcatchments and conduits layers if desired, or
these layers may be built using the BASINS shapefile editing tools (see Preparing GIS Data for use in the
BASINS/SWMM Plug-in for more details). Since the ‘streams’ layer from a BASINS delineation contains
connectivity information, do not specify a ‘nodes’ layer when using ‘subbasins’ and ‘streams’ outputs
from the BASINS watershed delineation tools.
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Besides the Subcatchments, Conduits, and Nodes layers, there are two other GIS layers that may be
used in building the SWMM project file. Aland use layer may be specified, and this layer will be used in
computing the area of each land use within each subcatchment. A met data layer may also be specified,
from which the user may select particular stations to use to supply timeseries of precipitation, air
temperature, and evaporation. Land use and meteorological data layers may be downloaded using the
BASINS Download Data tool.




BASINS/SWMM is designed to be flexible in its handling of GIS layers. While typically a BASINS user will
use the USGS GIRAS or NLCD land use layers, BASINS SWMM supports use of other vector or raster land
use layers. The Land Use Index layer from BASINS is also required when using the USGS GIRAS land use
data. While the BASINS met data is typically used to provide input meteorological data, other WDM files
of meteorological data may be used.

The BASINS/SWMM plug-in may also be used to enter SWMM with an existing SWMM project. In this
case no other GIS or timeseries data are required. Preparing GIS Data for use in the BASINS/SWMM
Plug-in The BASINS/SWMM plug-in is normally used in conjunction with existing shapefiles of
subcatchments, conduits, and nodes, as might be available for an existing storm or sanitary sewer
system. If available these layers should be used in building the new SWMM project. See the Field
Mapping Tab section for details about mapping the fields of existing shapefiles to the necessary
variables of the SWMM data structure.

The GIS layers of subcatchments, conduits, and nodes may also be created using the BASINS watershed
delineation and/or shapefile editing tools. The following pages provide an overview of how the BASINS
delineation and shapefile editing tools can be used to create the shapefiles of subcatchments, conduits,
and nodes, expected by the BASINS/SWMM plug-in.

e Using the Automatic Watershed Delineation Tools
e Using the Manual Watershed Delineation Tools

e Using the BASINS Shapefile Editor Tools

Once the subcatchments, conduits, and nodes features have been created using one of the above
methods, shapefile attributes may be added to these GIS layers. This section provides details of how
those attributes may be added, along with additional details of how those attributes are populated and
their default values.

The EI | buttons within the BASINS/SWMM interface are designed to help with adding the desired
shapefile attributes.
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The EI | icon appears next to each type of layer in the BASINS/SWMM user interface, corresponding

to subcatchments, conduits or nodes. When the icon is clicked, a window will appear showing the fields
that may be populated automatically for the corresponding layer.
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The user may choose any or all of the possible attribute values that may be added for each feature.
Clicking ‘OK’ on this form will populate the selected values for each feature, in many cases using the
default value. If a value for an attribute already exists on the shapefile, it will be recalculated if that field
is checked. If the field does not exist, it will be added.

The average slope of a subcatchment is one special case. If this attribute is selected to populate, the
interface will prompt for an elevation layer to use in the calculation.
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After calculating the attributes, the user may use the Table Editor icon K to view the attributes that

have been added.
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Once the desired attributes have been populated for the Subcatchments, Conduits, and Nodes layers,
the user may proceed with the BASINS/SWMM plug-in using these layers.
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A complete example of using the BASINS tools to create the GIS layers for SWMM Subcatchments,
Conduits, and Nodes is provided in the tutorial section entitled Tutorial: Preparing GIS Data for use in

the BASINS/SWMM Plug-in.

Attributes and Default Values

The following tables list the attributes of the subcatchment, conduit, and node shapefiles that may be
added using the features described above. For each attribute the table includes a default value, a type




(character string, integer, or real number), and a field length. The Long Field Name is the name used in
the BASINS/SWMM plug-in data structure, and will correspond with the shapefile attribute name unless
the name is longer than 10 characters, in which case the corresponding name will be the Short Field
Name on the attribute table.

The default values in these tables are used whenever attributes are populated using the Ij | icon.

These default values are also used whenever a SWMM project is built from a shapefile where any of
these fields are not present. While the values in these tables are provided within the BASINS/SWMM
plug-in, the values may be overridden by values in a comma-delimited text file named ‘SWMMFields.txt’
located in the BASINS\etc folder.

Subcatchment Attributes

Long Field Name Short Field Name  Default Value Type Length
Name none ‘S’ plus the feature index String 10
OutletNodelD OutNodelD nearest node to the String 10
subcatchment centroid
Width none square root of the subcatchment  Real 10
area
Slope none computed from elevation grid Real 10
CurbLength none 0.0 Real 10
SnowPackName SnowPkName blank String 10
ManningsNImperv ManNImperv 0.01 Real 10
ManningsNPerv ManNPerv 0.1 Real 10
DepressionStoragelmperv  DepStorimp 0.05 Real 10
DepressionStoragePerv DepStorPer 0.05 Real 10
PercentZeroStorage PctZeroSto 25.0 Real 10
RouteTo none OUTLET String 10
PercentRouted PctRouted 100.0 Real 10
MaxInfiltRate MaxInfiltR 3.0 Real 10
MinlInfiltRate MinlInfiltR 0.5 Real 10

DecayRateConstant DecayRate 4 Real 10




DryTime none 7 Real 10
MaxInfiltVolume MaxInfiltV 0 Real 10
Suction none 3.0 Real 10
Conductivity Conductiv 0.5 Real 10
InitialDeficit InitDefcit 4.0 Real 10
CurveNumber CurveNum 3.0 Real 10
Conduit Attributes

Long Field Name Short Field Name  Default Value Type Length
Name none ‘C’ plus the feature index String 10
InletNodeName InletNode nearest node String 10
OutletNodeName  OutletNode nearest node String 10
ManningsN none 0.05 Real 10
InletOffset InOffset 0.0 Real 10
OutletOffset OutOffset 0.0 Real 10
InitialFlow InitFlow 0.0 Real 10
MaxFlow none 0.0 Real 10

Shape none TRAPEZOIDAL String 12
Geometryl none 10.0 Real 10
Geometry?2 none 10.0 Real 10
Geometry3 none 1 Real 10
Geometry4 none 1 Real 10
NumBarrels none 1 Integer 10

Node Attributes



Long Field Name  Short Field Name  Default Value Type Length
Name none ‘N’ plus the feature index String 10
Type none JUNCTION String 10
InvertElevation InvertElev 0.0 Real 10
MaxDepth none 0.0 Real 10
InitDepth none 0.0 Real 10
SurchargeDepth  SurchargeD 0.0 Real 10
PondedArea none 0.0 Real 10
OutfallType OutfallTyp FREE String 10
StageTable none blank String 10
TideGate none NO String 10

Note: The units of the values in the table above are the units required in SWMM.
Using the BASINS Automatic Watershed Delineation Tools to Set Up BASINS/SWMM

The BASINS Automatic Watershed Delineation tools may be used to create subcatchment and conduit
shapefiles for use in SWMM modeling. The delineation process requires a Digital Elevation Model (DEM)
in grid format. Two forms of DEM grids are available through the BASINS Download Data menu. The
BASINS DEM Grid (DEMG) has a 100 m resolution while the National Elevation Dataset (NED) has a 30 m
resolution. The following image shows a BASINS project with an NED grid loaded, zoomed in to the
approximate area to be modeled in the SWMM project.
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The Automatic Watershed Delineator may be added to a project by selecting the Plug-ins:Watershed
Delineation menu item, which will make the automatic delineation tool available under the Watershed
Delineation:Automatic menu item. Selecting the Watershed Delineation:Automatic menu item opens
the Automatic Watershed Delineation form.
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Within the Automatic Delineator form the user must select the DEM grid to provide topographic data for
the delineation process. The Use a Focusing Mask box is used to delineate subbasins in only a portion
of the specified input DEM grid, such as within the current view extents.

The Automatic Watershed Delineator provides a user input capability representing the minimum
number of cells to be used as the threshold for delineation. The stream network and subwatersheds will
be computed based upon the input threshold level.
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The Watershed and Stream Reach Shapefiles that are added to the map may be used as the
Subcatchment and Conduit layers in the BASINS/SWMM plug-in. Complete instructions for using the
BASINS Automatic Watershed Delineator can be found in the Automatic Watershed Delineation section.

When the user adds the Watershed and Stream Reach shapefiles to the map for use as the
Subcatchment and Conduit layers in the BASINS/SWMM plug-in, the user may also wish to add some

attributes to these shapefiles. Attributes may be added by clicking on the EI | buttons within the

BASINS/SWMM interface. See the section entitled Preparing GIS Data for use in the BASINS/SWMM

Plug-in for more details. Using the BASINS Manual Watershed Delineation Tools to Set Up
BASINS/SWMM



The BASINS 4 Manual Watershed Delineation tool may also be used to create subcatchment and conduit

shapefiles for use in SWMM modeling. This tool allows the user to manually subdivide a watershed into
several smaller hydrologically connected watersheds.

The BASINS Manual Watershed Delineator requires an existing polygon shapefile which is then divided
into smaller subwatersheds. Any polygon shapefile may be used, but normally the user subdivides an

existing Cataloging Unit Boundary, NHDPIlus catchment, or any other user-supplied drainage boundary.
This tool also uses a DEM grid for calculating average subwatershed slope, and a stream polyline layer.

The BASINS NHDPIlus catchment and flowline layers have a high resolution that works well for detailed
analyses, such as a SWMM study.
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The Manual Watershed Delineator may be added to a project by selecting the Plug-ins:Manual
Delineation menu item, which will make the manual delineation tool available under the Watershed

Delineation:Manual menu item. Selecting the Watershed Delineation:Manual menu item opens the
Manual Watershed Delineator window.
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The Subbasin Layer pull-down menu is used to select the watershed boundary layer. The user
delineates the subwatersheds (or subbasins or catchments) by clicking on the Delineate Subbasin
button, changing the focus to the main BASINS window, and then drawing a new interior boundary to



subdivide the watershed. The boundary is drawn by clicking on the beginning and end point, as well as
any intermediate vertices, of the new boundary line.

To finish the watershed outline, the user makes a final mouse-click at a point outside the existing
watershed boundary and right-clicks; or the user may return to the Manual Watershed Delineator form
and click the Commit button. It is not necessary to delineate the portion of the watershed that
coincides with the existing watershed boundary. The delineation tool automatically clips the
subwatershed at the existing watershed boundary.
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The Delineate Subbasin step may be performed as many times as desired to break a single catchment
into multiple catchments.

To demarcate the stream segments in the newly delineated watershed, the user selects the polyline
stream layer from the Reach Layer pull-down menu, and then clicks the Define Stream Network and

Outlets button. The new stream segment parameters will be stored in the DBF file associated with the
stream layer.
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The Subbasins and Streams Shapefiles that are added to the map may be used as the Subcatchment and
Conduit layers in the BASINS/SWMM plug-in. Complete instructions for using the BASINS Manual
Watershed Delineator can be found in the Manual Watershed Delineation section.

When the user specifies the Subbasins and Streams shapefiles as the Subcatchment and Conduit layers
in the BASINS/SWMM plug-in, the user may also wish to add some attributes to these shapefiles.

Attributes may be added by clicking on the EI | buttons within the BASINS/SWMM interface. See

the section entitled Preparing GIS Data for use in the BASINS/SWMM Plug-in for more details.
Using the BASINS Shapefile Editor to Set Up BASINS/SWMM

The BASINS Shapefile Editing tools may be used to create subcatchment and conduit shapefiles for use
in SWMM modeling. These tools allow a user to create these shapefiles by digitizing the features
directly. The BASINS/SWMM plug-in provides convenient tools for creating empty shapefiles for
subcatchments, conduits, and nodes, and for calculating the attributes of these features. These tools
require no data other than a Digital Elevation Model (DEM) in grid format for calculating the average
slope of a subcatchment.

Within the BASINS/SWMM plug-in user interface, icons are available for creating new shapefiles of
subcatchments, conduits, and nodes, as well as icons for populating the attribute values of these
shapefiles. This section is focused on using the available tools to create the new shapefiles. See the



section entitled Preparing GIS Data for use in the BASINS/SWMM Plug-in for more details on populating
the attribute values of these shapefiles.
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The ?Igl | icon is used to create a new shapefile of subcatchments, conduits or nodes. This icon

appears next to each type of layer in the BASINS/SWMM user interface, corresponding to
subcatchments, conduits or nodes.
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When the user clicks on any of these three icons, a dialog appears for the user to enter the
corresponding name of the new shapefile.
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After clicking ‘Open’, a message appears to indicate that features can be added to this layer using the
Shapefile Editor.

Shapefile created x|

The new shapefile LottsfordCatchment. shp has been created.
lUze the Shapefile Editor to add shapes to the new shapefile.

Note that at this point a blank shapefile will be created using the specified name. There will be no
features within the shapefile at this point.
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Within the Shapefile Editor toolbar, the user may click on the 3hp icon to add a shape to the new

shapefile. The shape is added by clicking a series of points on the map representing the polygon
vertices.
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When finished drawing the vertices, the user double clicks on the first vertex and the figure will be

completed. This process can be repeated as many times as desired.
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The same process can be used to create a shapefile of conduits, as well as a shapefile of nodes. In the
case of nodes, after specifying the file name and clicking ‘Open’, a message appears indicating that
nodes may be added either automatically at the ends of the conduits or by point-and-click using the
Shapefile Editor.

After the user creates the Subcatchment, Conduit, and Node layers, the user may also wish to add some

attributes to these shapefiles. Attributes may be added by clicking on the EI | buttons within the

BASINS/SWMM interface. See the section entitled Preparing GIS Data for use in the BASINS/SWMM
Plug-in for more details. Creating a New SWMM Project The BASINS/SWMM Plug-In creates a new
SWMM project using the GIS layers on the map and available meteorologic time-series data. Map layers
used by this plug-in include Subcatchments, Conduits, and optionally Nodes. Depending upon the
options chosen, the Land Use Index and corresponding land use layers may also be used. A met stations
layer, such as that created by the Data Download tool when downloading meteorologic data, is useful
for locating possible met stations for the SWMM model.

The BASINS/SWMM window opens with the interface populated according to the layers available on the
map. The dominant portion of the BASINS/SWMM window is a tabbed dialog. Below the tabbed dialog
is a small status frame and a row of command buttons.
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The tabbed dialog contains a General tab for specifying general information about the SWMM project to
be created, along with the map layers to be used in creating the SWMM project. The other tabs are
used for specifying more details about the Land Use, Field Mapping, and the Met Stations to be used in
the model setup.

The General tab is used to specify the name of the SWMM project (the base name of the SWMM INP
file), the Land Use Type (USGS GIRAS Shapefile, Other Shapefile, NLCD Grid, or Other Grid), the
Subcatchments layer, the Conduits layer, the Nodes layer, and the Met Stations Layer. By default the



SWMM Project name will be the base name of the BASINS project. The nodes layer is optional, and
should only be provided if connectivity information is available as layer attributes. (Since the ‘streams’
layer from a BASINS delineation contains connectivity information, do not specify a ‘nodes’ layer when
using ‘subbasins’ and ‘streams’ outputs from the BASINS watershed delineation tools.) If no nodes layer
is provided, the plug-in will attempt to build SWMM nodes at either end of each conduit segment. The
Met Stations Layer is optional as well, but it is useful for locating the WDM files containing meteorologic
data for use in the model. This tab also includes fields for the user to specify start and end dates for the
simulation.

If existing GIS layers of subcatchments, conduits, and nodes are not available, the BASINS watershed

and EI

create these layers through the BASINS shapefile editing tools. See Preparing GIS Data for use in the
BASINS/SWMM Plug-in for more details on creating the GIS data layers of subcatchments, conduits, and
nodes.

delineation tools can be used to create these layers, or the E icons can be used to

When entering BASINS/SWMM from a BASINS project containing the typical BASINS project layers,
including land use and meteorologic data, all fields in the interface will be populated. In this case the
user may update any of the specifications in the interface if desired. The met stations to be used in the
model are specified through the Met Stations tab, and when ready the user may click OK to begin the
calculations to produce the new SWMM project.

Clicking OK produces the new SWMM INP file. Messages in the Status frame give updates on the
progress. The new SWMM INP file is written to the BASINS\modelout directory. After this file has been
created, SWMM is automatically opened displaying the new project. Land Use Tab The Land Use
tab is used to specify details of how land use data is to be extracted for each subcatchment. The
interface on this form changes depending upon the Land Use Type specified in the General tab.

If the Land Use Type on the General tab is set to ‘USGS GIRAS Shapefile’, this tab will include a
Classification File selection tool and a grid for specifying the impervious percentage of each land use
type. When using the USGS GIRAS land use data with the default classification file, the land use types
will be reclassified into six categories (forest, agricultural, urban, range land, barren, and
wetlands/water).

If the ‘Other Shapefile’, ‘NLCD Grid’ or ‘Other Grid’ is specified as the Land Use Type, this tab will also
include a drop-down list to specify the land use layer to be used. If ‘Other Shapefile’ is chosen, the
Classification Field is used to specify the descriptive field in the attribute table of the land use layer that
will be used as the land use type in SWMM, as reflected in the Impervious Percent grid. The Impervious
Percent column of the grid is used to specify the percentage of each land use category that is to be
considered impervious.

The Land Use tab contains a dialog for specifying a classification file and a table for specifying the
impervious percent for each land use category. The land use classification file is a simple dbf file that
contains a list of land use codes and a corresponding group description, for use in grouping land use
codes into categories. A very similar interface is available in BASINS/HSPF Plugin. For instance, the land



use classification file might indicate that codes 21 through 24 should all be grouped together into one
‘Urban’ category. The user may create or modify this file as desired.

= BASINS SWMM - 0] x|

Land lUse Layver: INLCD_LandCDver_EDm j
Clazsification File: CABASIMNSYetcnled. dbf Change |

Group Description Impervious Percent |

otatus
|7 Lpdate specifications if desired, then click Ok to proceed.

Ok Open Existing Cancel Help Ahout

If no classification file is set, each individual land use category will be represented separately in SWMM.
The Reclassify Land Use tool in BASINS can be used to build other classification files.  Field Mapping
Tab The Field Mapping tab is used to map fields from the subcatchment, conduit, and node shapefile
attribute tables specified on the ‘General’ tab to the variables in the BASINS/SWMM Plugin data
structure where that data will be used. This field mapping will default appropriately if using the output



from a BASINS watershed delineation as the subcatchments and conduits, but it is needed if the user has
obtained this data from a source other than BASINS.

A

= BASINS SWMM - 0] x|

General | Land Use : Field Mapping | bt Stations

select & Source and Target field, then click Add

Source Field Target Field

Made: kv'ShapelD - Mode:Mame il

Made: |0 Mode: Type

Mode: Type MNode:lnvertElevation

Conduit: MvShapelD Mode:MaxDepth

Conduit:inNodeld Mode:lnitDepth

Conduit: OutModelD Mode:Surchargelepth

Conduit: Geametry1 Mode:Pondedarea

Conduit: Geometry? ll Mode: OutfallType LI
Add Delete Clear | Load | SEve

Connections

Mode: D <-> MNode:MName

Conduit: InModeld =-= Conduit: InletModeMame

Conduit: QutMNodelD == Conduit: OutletModeMame
Subcatchment:SL0OT <-> Subcatchment: Slope
Subcatchment:|D <-> Subcatchment:Mame
Subcatchment: OutMode <-> Subcatchment: OutletMNodelD
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|7 Lpdate specifications if desired, then click Ok to proceed.

Ok Open Existing Cancel Help Ahout

The list entitled ‘Source Field” includes all of the fields of each attribute table associated with the
specified subcatchment, conduit, and node shapefiles. The ‘Target Field’ list includes all of the
information the BASINS/SWMM Plugln can populate given corresponding information from a shapefile
attribute. The user adds to the list of connections below by selecting a source field, and target field, and
then clicking ‘Add’. For instance, a user might have a field on the nodes shapefile attribute table named
‘InvertElev’ containing invert elevations. The user could map this field to the Invert Elevations of the



nodes in SWMM by selecting Node:InvertElev on the source field list, selecting Node:InvertElevation in
the target field list, and then clicking the ‘Add’ button to add it to the list of field connections.

The Delete button is used to delete a connection from the connections list, while the Clear button is
used to clear all the connections from the connections list. The Load and Save buttons are used to read
in and write out the list of connections for use in a later application of the BASINS/SWMM Plugln, if
desired.

A field from one type of map layer can only be associated with a target field of the same type. In other
words, a field from the ‘Nodes’ layer can only be associated with a ‘Nodes’ target in the data structure.
Also, in cases where the source and target names are identical a connection does not have to be
mapped. In other words, by default, the Conduit:Geometry1 in the source column will be mapped to
Conduit:Geometry1 in the target column, and thus does not need to be explicitly specified as a
connection. Met Stations Tab The Met Stations tab is used to specify which meteorological stations will
be used to provide meteorological input for the model. In normal BASINS use, the met WDM file will be
set to the name of the WDM that corresponds to the met stations layer specified on the General tab.
Any other WDM file containing met data can be used through this interface by choosing that file through
the Select button. The meteorological data files must be in Watershed Data Management (WDM)
format.
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The precipitation station is specified through a single drop down list, as is the station for obtaining all
other meteorological constituents. The BASINS/SWMM interface allows a user to specify a single
precipitation station for the entire SWMM study area, or a precipitation station for each SWMM
subcatchment. To specify a precipitation station for each subcatchment, chose the ‘multiple precip
stations’ option. With this option selected, a precipitation stations may be assigned by subcatchment.
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Opening an Existing SWMM Project The Open Existing button is used to open an existing SWMM
project (INP file) in SWMM. To open an existing SWMM Project, use the Select INP dialog to select the
existing SWMM INP file that you would like to open.



Select SWMM inp file il il
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O CldProjects
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Clicking Open will start SWMM.



EPA WASP Model Builder

The EPA Water Quality Analysis Simulation Program (WASP) is a dynamic compartment-modeling
program for aquatic systems, including both the water column and the underlying benthos. This model
helps users interpret and predict water quality responses to natural phenomena and manmade pollution
for various pollution management decisions. WASP allows the user to investigate 1, 2, and 3
dimensional systems, and a variety of pollutant types. The time varying processes of advection,
dispersion, point and diffuse mass loading and boundary exchange are represented in the model. WASP
also can be linked with hydrodynamic and sediment transport models that can provide flows, depths
velocities, temperature, salinity and sediment fluxes.

WASP has been used to examine eutrophication of Tampa Bay, FL; phosphorus loading to Lake
Okeechobee, FL; eutrophication of the Neuse River Estuary, NC; eutrophication Coosa River and
Reservoirs, AL; PCB pollution of the Great Lakes; eutrophication of the Potomac Estuary; kepone
pollution of the James River Estuary; volatile organic pollution of the Delaware Estuary; heavy metal
pollution of the Deep River, NC; and mercury in the Savannah River, GA.

BASINS allows the user to build a new project and open WASP directly from the BASINS user interface.
The following sections provide more details on using WASP through BASINS:

e Data Requirements for Setting up WASP through BASINS

o Creating a New WASP Project

Note:  The WASP model is not included with this package. It may be downloaded from
http://www.epa.gov/athens/wwgtsc/html/wasp.html

Key Procedures


http://www.epa.gov/athens/wwqtsc/html/wasp.html

1. Select EPA WASP Model Builder from the Plug-ins menu so that it is active. This will add WASP
to the Models menu on the main form.

Plug-ins | Help
Edit Plug-ins

o
ol

o

Scripts

Analysis 3

Archive Project Tool

BASINS 4.1

D4EM Data Download 3
EPA SWMM 5.0 Setup

EPA WASP Model Builder

U ECF Mata Drararcmr

P |2 @ |3 3 @ (%

2. Select Models:WASP from the main menu, and the Welcome to BASINS WASP Model Builder
form appears. Use this form to create a new WASP Builder project by selecting stream reaches
from which you will build your model, open a previously saved WASP Builder project, or reopen
your last project.

" b
Welcome to BASINS WASP Model Builder e G

1. Select stream reaches and buid new WASP model...

2. Open an existing WASP Model Builder project...

3. Reopen vour last WASP Model Builder project

Close

3. When the desired segments are selected or project file loaded, the BASINS WASP Model Builder
form appears. This interface consists of six tabs: General, Segmentation, Flows, Boundaries,
Loads, and Time Functions. The General tab includes fields for the user to specify the WASP
project name (which defaults to the name of the BASINS project), the WASP Model type, and



start and end dates for the simulation.
5
@l 54SINS WASP Model Builder - 06020003 WaspBuilder _ R

General |Segmen13tiun | Flows | Boundaries | Loads | Time Funcﬁuns|

WASP Project Name: 06020003

WASP Model Type: [Mvance Eutrophication -

Simulation Dates

Year Month  Day
Start: 2000 1 1
End: 2000 12 31

Status

|pdate specifications i desired, then click "Build WASP File'to proceed.

=4 New | |[Z) Open | |l Save | | b Buld WASP Fie | | Cose |

4. The user may proceed through each tab, setting the input specifications as desired. Once all of
the specifications are set as desired, click Build WASP File to create the WASP project. After
processing, the WASP interface will open with the newly created project.

Note that the Model Builder form includes a “?” button in the upper-right corner. Click on this button
and then any form field or button to get pop-up context-sensitive help. Data
Requirements for Setting up WASP through BASINS The BASINS/WASP Setup Plug-in allows a user to set
up a WASP project using the GIS and timeseries data available within BASINS. This plug-in is normally
used in conjunction with the Flowline Features from NHDPIus.

When using BASINS/WASP to build an initial WASP Project File, the streams layer must exist on the map.
In addition to the streams layer, a met data layer may also be specified, from which the user may select
particular stations to use to supply timeseries of wind speed, solar radiation, and air temperature. The
NHDPIus Flowlines and BASINS Meteorological Data layers may be downloaded using the BASINS
Download Data tool.



BASINS/WASP is designed to be flexible in its handling of GIS layers. While typically a BASINS user will
use the NHDPIlus Flowlines, BASINS WASP supports use of other vector stream layers. See the Field
Mapping section on the Segmentation tab for details about mapping the fields of existing shapefiles to
the necessary variables of the WASP data structure. While the BASINS met data is typically used to
provide input meteorological data, other WDM files of meteorological data may be used.

The BASINS/WASP plug-in may also be used to enter WASP with an existing WASP project. In this case
no other GIS or timeseries data are required. Creating a New WASP Project The BASINS/WASP Plug-
In creates a new WASP project using the GIS layers on the map and available time-series data. The
NHDPIus Flowline Features are used by this plug-in.

To create a new project, select the first option, Select stream reaches and build new WASP model, and
the BASINS WASP Initialization form appears.

@l B2sINS WASP Initialization L e S |

Cument Selection:

Selection Layer: Flowline Features

Mumber of Selected Features: 7 of 1133

Automatically Select Additional Upstream Segments:

Lowest Stream Order to Select: |1 v| | Select
Cortinue | | Cancel |

s

This form is interactively used with BASINS; at this time, the previously selected flowline features will be
identified or you can select one or more stream segments from a previously loaded NHDPlus flowline
features layer. The tool examines the attribute table of the selected layer to confirm that it is compatible
with NHDPlus; otherwise a warning will appear.

This form also has the ability to select segments upstream of a particular segment, using the
connectivity information of NHDPlus. With any stream segment(s) selected, clicking the ‘Select
Upstream’ button with begin a process of identifying upstream segments and selecting those as well up
to a specified minimum stream order. The updated features will be selected on the map and will be
indicated on this form.

Once the desired features are selected, the user clicks ‘Continue’. The BASINS/WASP window opens
with the interface populated according to the layers available on the map. The dominant portion of the



BASINS/WASP window is a tabbed dialog. Below the tabbed dialog are a small status frame and a row of
command buttons.

The tabbed dialog contains a General tab for specifying general information about the WASP project to
be created. The other tabs are used for specifying more details about the Segmentation, Flows,
Boundaries, Loads, and Time Functions to be used in the model setup.

The General tab is used to specify the name of the WASP project (the base name of the BASINS project),
the WASP model type, and the start and end dates for the simulation.

When entering BASINS/WASP from a BASINS project containing the typical BASINS project layers,
including NHDPIus Flowline Features, all fields in the interface will be populated. In this case the user
may update any of the specifications in the interface if desired.

The Segmentation tab is used to specify the properties of the WASP segments to be modeled. Only
stream segments selected on the map will be shown here. A travel time is estimated for each stream
segment, and the user has the option to combine or divide segments as desired based on travel time.
To do so, the user enters the maximum or minimum allowable travel time, and clicks the ‘Regenerate’
button. After the new segments have been computed, the grid on the Segmentation tab will be
refreshed. Note that the GIS map highlights selected segments as you move among the rows in the grid.

il BASINS WASP Model Builder - 06020003 WaspBuilder ‘ ‘ (B
General lows | Boundaries | Loads | Time Functions
Regenerate Segmentation Based on Travel Time
~ Mayimum Travel Time (days): 0.181
' Reselect Segments on Map = (days) ] Regenerate
Minimum Travel Time (days): 0.005
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The Delete Segments button is used to delete a segment from the segment grid. . If you try to delete a
segment inappropriately, the following error appears:




= Segment(s) cannct be deleted because one or more other segments
LI;_ would be orphaned. Make sure you delete from upstrearn to
downstream,

Ok

The Divide Segments button is similar to the Regenerate button except that it acts on only the selected
segments. You are prompted to enter a minimum travel time and the segments are subdivided as many
times as necessary to meet that criterion.

Combine Segments is used to combine multiple connected segments into a single one. First, select all
segments on a tributary either on the map of by selecting one or more cells in the grid. Click this button
and the segments will immediately be joined.

Clicking on the link Define field mapping between specified streams layer and WASP data structure
produces a form showing how fields from the specified streams layer attribute table will be mapped to
the required segment data items needed in the WASP data structure. This field mapping will default
appropriately if using the NHDPlus Flowlines as the streams layer, but it is needed if the user wishes to
use streams data from another source:
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The list entitled ‘Source Field’ includes all of the fields of the streams attribute table. The ‘Target Field’
list includes all of the information the BASINS/WASP Plugln can populate given corresponding
information from a shapefile attribute. The user adds to the list of connections below by selecting a
source field, and target field, and then clicking ‘Add’. For instance, a user might have a field on the
streams shapefile attribute table named ‘Len’ containing the length of the stream segments. The user
could map this field to the Length property of the segments in WASP by selecting Segment:Len on the
source field list, selecting Segment:Length in the target field list, and then clicking the ‘Add’ button to
add it to the list of field connections. The Clear button is used to clear all the connections from the



connections list. The Load and Save buttons are used to read in and write out the list of connections for
use in a later application of the BASINS/WASP Pluglin, if desired.

In cases where the source and target names are identical a connection does not