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ABSTRACT

Alameda County Public Works Agency (PWA) is implementing a watershed data
management system that is based on the ArcGIS Hydro data model.  The system was
designed to support data management, query and analysis, and integration of hydrologic
and hydraulic modeling software.  Intended users include flood control engineers, water
quality managers, and development review staff.  The hydrography data managed by the
system will be used as a fundamental reference layer by GIS users throughout the County
organizations and other local government agencies.  This paper explores implementation
and design aspects of the project and lessons learned.

BACKGROUND

Alameda County, California is situated on the East side of the San Francisco Bay.  It
contains the cities of Oakland, Berkeley, Alameda, Hayward, Fremont, and Pleasanton,
among others.  The Alameda County Public Works Agency (PWA) administers the
Alameda County Flood Control District, which extends along the urban corridor between
the East Bay hills and the San Francisco Bay.

In the early 1990s, PWA initiated a watershed study program to review and evaluate the
Flood Control District’s hydrologic criteria to select a hydrologic modeling technique and
define the adequacy of the existing drainage system.  The result of the analysis was used
for project evaluation and prioritization, drainage system design and master planning,
technical policymaking, flood plain studies, and to provide a computerized public
information system (Saleh, 1994).  The Flood Control District has since identified a
number of public domain and commercially available hydrologic and hydraulic modeling
software solutions that it wishes to integrate with its GIS.

Weston Solutions, Inc. (Weston) performed a geographic information system needs
assessment for Alameda County Public Works Agency (PWA) that identified a high
priority requirement to develop a comprehensive watershed data management system.
The major objectives of the system are to streamline the maintenance of watershed and
hydrographic network data, generating the required data to perform watershed and
floodplain analyses, and more effectively present analytic results using GIS.  The main
user of the system will be the Alameda County Flood Control District staff.  However,



other groups within PWA and other County agencies will use both the hydrographic
network and the modeling results.

BUSINESS CASE OVERVIEW

Weston conducted a series of interviews with various PWA personnel and identified three
main business requirements:

• Watershed Data Management

• Watershed Modeling

• Watershed Query and Analysis

These three main business requirements can be viewed as the major components of an
overall PWA-Watershed Data Management System (WDMS).  Each one of the
components can be further broken down as follows:

1. Watershed Data Management
• Rain gauge and stream flow data
• Drainage characteristics data
• Hydraulic network data
• Hydrography data
• Channel characteristics data
• Model control parameters

2. Watershed Modeling - Hydrologic and Hydraulic Models
• Create modeling session
• Export to modeling program
• Execute models
• Import results
• Analyze results – create flood overlays

3. Watershed Query and Analysis - Support the data access needs by various groups
including:

• Flood Control Group
• Clean Water Division
• Land Development
• Operations and Maintenance
• External Agencies

The basic concept of the Watershed Data Management System is the integration of the
three main components above to establish an efficient and effective process for
managing, planning, modeling, querying, analyzing, and maintaining the watershed
hydrologic and hydraulic information in Alameda County.



The Data Management Component will include all the necessary data tables to capture
and store the hydrologic and hydraulic information and the tools required to maintain that
information.  The Watershed Modeling component will provide the tools to interface with
external hydrologic and hydraulic modeling programs – to extract and format the required
information from the Watershed Data Management component and run hydrologic and
hydraulic modeling programs and to import the results back into the GIS data tables for
further query and analysis.  The Watershed Query and Analysis component will provide
the tools and means for information from the other two components to be accessed by
various users within PWA.

IMPLEMENTATION

Figure 1 illustrates the overall implementation process.
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Figure 1 - WDMS Implementation Process

Implementation of each WDMS component is summarized below.



Watershed Data Management

Weston recommended that PWA adopt and expand upon the ArcHydro data model as the
foundation for the data base repository.  The ArcHydro data model was developed
through collaboration between Environmental Systems Research Institute (ESRI) and the
Center for Research in Water Resources (CRWR) of the University of Texas at Austin.
Together, ESRI and CRWR formed a Consortium for GIS in Water Resources to bring
together industry, government and academic partners in a joint effort to build a data
model for surface water hydrology and hydrography.

By adopting this data model architecture as the foundation for PWA’s watershed data
management, PWA is taking advantage of the considerable efforts that have gone into the
design and development of the model.

The steps to implement the watershed data management component include:

1. Develop detailed data use cases and requirements

2. Perform data model design and implementation

3. Perform data development or data conversion

4. Perform data maintenance application design, development, and implementation

Figure 2 illustrates the watershed data management use cases for which detailed
documentation was developed.  These use cases formed the basis for both database
design and application design.  The use case documentation identified specific attributes
needed by various users for their applications.
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Figure 2 - Watershed Data Management Use Cases

The Arc Hydro data model consists of five feature dataset components: Network,
Drainage, Channels, Hydrography and Time Series:

• The Network component contains a water resources network of streams, rivers
and the centerlines of water bodies.  Its main purpose is to describe the
connectivity of water movement through the landscape.

• The Drainage component defines drainage areas delineated through analysis of
land surface topography

• The Channel component describes the three-dimensional shape of river and
stream channels

• The Hydrography component contains base map information on point, line and
area water resource features

• The Time Series component describes various time varying properties of the
features such as rainfall intensity, stream flow, water temperature, air temperature,
soil moisture content, and wind velocity.

PWA needed to incorporate features into the geodatabase that were not included as part
of the ArcHydro model.  In addition to the larger flood control facilities managed by the
Agency’s flood control staff (open channels and large closed conduits) the Agency
maintains road facilities and associated stormwater drainage infrastructure.    Weston
added stormwater features based on the ArcGIS Water database model.  This hybrid



approach helps meet the unique data management needs of a flood control district that is
part of a county public works agency.

A wide variety of data conversion sources were identified, including previously compiled
digital maps, as-built drawings for flood control facilities, as-built drawings for storm
drainage improvements, design capacity data, rain gauge data, channel cross sections and
others.  Not all of the as-built data sources have been scanned and indexed yet as part of
PWA’s document management system conversion project.  Due to project schedule
constraints, development of the prototype database proceeded without all data sources.
As these drawing series are scanned and indexed, they will be used to extend the initial
hydro network.

The data conversion specification is extremely complex, owing to the diversity of the
data sources and the fact that storm drainage and flood control facility infrastructure is
being captured within the urbanized portion of the unincorporated County, while only
flood control facility infrastructure is being captured for most of the Flood Control
District.

The ArcHydro Tools are being used effectively to populate the HydroIDs of the physical
data model.  This provided the key links between the feature datasets.

Watershed Modeling – Hydrologic and Hydraulic Models

Weston recommended that the initial system development scope be limited to concentrate
on model data generation and interface to a few essential public domain models.  Future
versions of the system may expand upon the support to other more specialized public
domain programs and commercial-off-the-shelf software.

The steps to implement the watershed hydrologic and hydraulic modeling component
include:

1. Develop detailed application use cases

2. Design application components

3. Perform iterative-incremental application component development and
implementation

Figure 3 illustrates the watershed modeling use cases for which detailed documentation
was developed.
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Figure 3 - Watershed Modeling Use Cases

Watershed Query and Analysis

Weston recommended that PWA use its Intranet GIS to accommodate watershed data
queries and basic analyses.

The steps to implement the watershed query and analysis component include:

1. Develop detailed query and analysis use cases

2. Design data query and analysis tools

3. Perform iterative-incremental development and implementation

Weston recommended that PWA implement all the steps above since the foundation
application for data dissemination in the form of the Intranet GIS is already available, the
development effort to extend the query and analysis capabilities would be greatly
reduced.  Also, similar to the watershed data management component, this component
would provide the most immediate and widespread benefit to the business case
requirements.



Figure 4 illustrates the watershed query and analysis use cases for which detailed
documentation was developed.
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Figure 4 - Watershed Query and Analysis Use Cases

SYSTEM DEVELOPMENT PROCESS
 
 Weston uses the Unified Modeling Language (UML) and the Rational Unified Method
for system development.  The software lifecycle is broken into cycles, each cycle
working on a new generation of the product.  The development cycle is divided into the
following four consecutive phases:

1. Inception phase
2. Elaboration phase
3. Construction phase
4. Transition phase

Weston is in the early stages of the construction phase, having developed an initial
prototype dataset, modified the database design and data conversion specifications, and
started initial production data conversion.  Table 1 identifies the major elements being
performed within each phase.



Table 1 - WDMS Development Phases

Inception Elaboration Construction Transition

Watershed
Data
Management

• Develop high level
use case analysis

• Develop preliminary
data maintenance
use case
requirements

• Develop detailed
Watershed Data
Management use
case requirements

• Develop data model
design and data
conversion
specifications

• Perform prototype
data conversion

• Develop data
maintenance
application design
and prototype

• Perform data
conversion

• Perform iterative-
incremental data
maintenance
applications
development

• Perform QA,
testing, and final
implementation of
data conversion

• Perform QA,
testing, and final
implementation of
data maintenance
applications

• Provide user
training

Watershed
Modeling

• Develop high level
watershed
modeling use case
analysis

• Develop preliminary
hydrologic and
hydraulic modeling
components use
case requirements

• Develop detailed
Hydrologic and
Hydraulic Modeling
use case
requirements

• Develop conceptual
Watershed
Modeling
application design

• Develop
Watershed
Modeling
application
components
design

• Develop Prototype
Data Extraction
process to run
external hydrologic
and hydraulic
modeling program

• Perform final
implementation of
Prototype Data
Extraction
process

• Develop detail
design for
hydrologic and
hydraulic
modeling
application for
future
implementation

Watershed
Query &
Analysis

• Develop high level
watershed query
and analysis use
case analysis

• Develop detailed
Query and Analysis
use case
requirements

• Perform iterative-
incremental query
and analysis
application
development

• Perform QA,
testing, and final
implementation of
query and
analysis tools

• Provide user
training



SUCCESS CRITERIA

Criteria for determining the successful implementation of the WDMS include the
following:

• Provide a database design that captures all the information of interest related to
watershed data management at PWA.

• Demonstrate that the WDMS application works as designed.

• Provide a useful and practical tool for watershed query and analysis of hydrologic
and hydraulic data management at PWA.

• Implement all components as proposed within the budget constraints.

LESSONS LEARNED

The lessons learned from this project may be summarized as follows:

• Use case analysis was valuable not only for defining functional requirements of
the system; It was also valuable for identifying feature attributes needed by
various users.

• The ArcGIS Hydro model must be supplemented with stormwater features from
the ArcGIS Water model to represent a truly comprehensive network of drainage
and flood control facility infrastructure.

• The wide range of data conversion sources needed to implement such a
comprehensive data model requires complex data conversion specifications and
extensive quality control and quality assurance procedures.

• ArcHydro Tools are useful in populating the geodatabase.

CONCLUSION

The ArcGIS Hydro data model, supplemented by elements of the ArcGIS Water model,
allowed Alameda County to quickly establish a framework for its database design.
Weston added additional physical attributes to the main object models of the ArcHydro
Datasets – Network, Drainage, Channels, Hydrography and Time Series.  Once the
physical data model was developed, data conversion work was initiated.  The
comprehensive nature of the database design and the diversity of data conversion sources
required developing a complex data conversion specification and extensive QA/QC
procedures.  ArcHydro Tools are being used effectively to populate the HydroIDs of the
physical data model.  This provided the key links between the feature datasets.
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