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Abstract:

Wastewater Management Agency (WWM) of Fairfax County in Virginia has put a
lot of efforts into building an effective GIS infrastructure for its wastewater
collection system, which consist of over 85,000 manholes, 3,200 miles of sewer
lines, 61 pumping stations, and 50 metering stations. During the past three years,
WWM established its GIS sanitary sewer database, studied other agencies’
existing DBMS, identified key business processes and assessed needs for future
GIS applications using in-house staff.  The paper will give an overview of how the
Agency’s GIS program evolved with lessons learned during the process; highlight
some of the successes through current applications utilizing the data and finally
sharing our thoughts for the future, such as the building of an Enterprise
Geodatabase, etc.

Introduction

Fairfax County, located in northern Virginia along the western bank of the
Potomac River, is the largest jurisdiction in the Washington, D.C. metropolitan
area with a population of about 1,000,000.  Once a farming community serving
the nation’s capital, the County has evolved into a major business center and a
premier location for high technology and information-based business.

The Wastewater Management (WWM) within the Department of Public Works
and Environment Services (DPWES) is responsible for providing sanitary
services to the County through a system of approximately 3,200 miles of sewer,
61 sewage-pumping stations, 51 metering stations, and one treatment plant
owned and operated by the County. In addition to the citizens of the County,
WWM provides sewer services to nine other jurisdictions.  The County also
purchases wastewater conveyance and/or treatment from ten other jurisdictions.

Use of Information Technology at WWM

Using information technology to improve its business process is not new to
WWM. In the 1980’s, a computerized Capacity Analysis Program (CAP) coupled
with an automated facility mapping system was developed for inventory and
capacity analysis of its primary sanitary sewer network. Since then, a
computerized maintenance management system (CMMS) has been deployed to
store and update sewer maintenance data and create work orders for sewer
inspection, cleaning and repairs.  Supervisory control and data acquisition
(SCADA) has been implemented at its treatment plant and will soon be
implemented for the pumping stations, allowing the monitoring of the stations
from a remote location, thereby facilitating data collection and improved response



time during emergencies.  In addition to these major systems, there are several
small-automated systems that individuals have developed to help improve their
respective work efficiency and increase customer service.  While these small
systems have helped individuals to some extent, their proliferation has resulted in
data redundancy, unnecessary storage requirements and maintenance.

With the impending obsolescence of the current sanitary sewer base map and in
an effort to continue streamlining and modernizing its operations and enable staff
to improve customer service, WWM decided to develop a Geographical
Information System (GIS).  Not only will GIS help WWM to integrate the various
computerized systems that are in place, it will also help WWM manage its data
more efficiently and provide better service to the citizens of Fairfax County.

Implementation

In Fairfax County, each agency is responsible for its own data development and
maintenance and for all GIS related initiatives.  Therefore, a case had to be
made to the upper management of WWM to convert its Sanitary Sewer Facilities
data into a GIS layer. The upper management not only embraced the idea
instantly, it pledged its support and most importantly, the financial support
required to achieve it.  A meeting was arranged with the hierarchy of the County
GIS Branch, at which the WWM upper management reaffirmed their support and
gave notice to proceed.

A GIS Technical committee was formed to develop an implementation plan for
the conversion of WWM’s Sanitary Sewer Facilities maps. The committee was
made up of staff from the County’s GIS Branch, WWM’s Planning and
Engineering, and WWM’s Operations and Maintenance Division.  The primary
objective of the project was to convert WWM’s sanitary Facilities maps into a
digital format compatible with the County’s existing Geographical Information
System. The committee reached a consensus on a three-phase approach for the
project as follows:

Phase I – Needs Analysis and Pilot
Phase II – Full Data Conversion
Phase III– Application Development

During WWM’s initial discussions with the County’s GIS Branch, it was
recommended that a GIS consultant be hired to perform Phase I of the project.

Phase I

Needs Analysis – In developing a GIS implementation Plan, it is important
to identify the GIS-related needs of the primary users of the data, identify data
source materials, databases and review current computer hardware and



software.   Furthermore, conversion requirements and methodology to be used
are dependent on the applications to be developed.

To help WWM staff members better articulate their GIS needs during the
subsequent interviews, two introductory seminars were held. The seminar
presentations covered the following areas:

• Benefits of GIS
• Goals of the project
• Project methodology
• Needs assessment interviews/survey
• Project timeline
• Examples of potential GIS applications for sanitary sewer

The goal of the needs assessment interview/survey was to identify tasks which
could benefit from the availability of digital mapping and to identify existing digital
and/or paper databases that could ultimately be integrated into the GIS Sanitary
Sewer database.  Twenty-two (22) staff members from WWM working in various
functional groups were interviewed.  Each staff member was given an interview
form after the introductory seminar and came to the interview with the completed
form.  Many also came to the interview with other additional documents such as
sewer grid maps, reports, and work orders.

Upon completion of needs assessment interviews, 35 tasks were identified.
These tasks revealed the potential significant benefit that could result from the
implementation of GIS in WWM.  The tasks ranged from address matching to the
automation of Sanitary Sewer map production.  These tasks could be
categorized into four basic GIS operations, display, query, analysis, and spatial
data manipulation.  The survey also identified about 20 datasets that were
currently being used by WWM staff, 13 of which were in digital format and the
rest in hardcopy.  To perform the tasks identified, there were about 12 non-
existing digital datasets that were needed and several existing GIS datasets that
were available. Fortunately, it was discovered that most of the non-existing data
layers were found to be subsets of the main Sanitary Sewer Facilities data layer
to be developed.

Another issue that was validated after the interviews/survey was the redundancy
of information in some of the currently used databases.

Finally, the interviews/survey identified WWM’s 200’ scale Sanitary Sewer maps
as the source for the complete inventory of the sanitary sewer system.  The
Sanitary Sewer maps provided the following information:

• The location of Sanitary Sewer lines (8” and larger)
• The location of manholes
• Pipe sizes (larger than 8” are labeled)



• Pipe length
• Microfiche referenced identifier
• Manhole numbers (unique by Tax Map Grid)
• Direction of flow
• Location of pumping stations/force main
• Metering stations and meter numbers
• Encasement
• Whether the line has been rehabilitated and by which method

Based on the results from the interview/survey, several Sanitary Sewer layers
were recommended. In addition, a preliminary core Sanitary Sewer database
was developed.  The database was designed to capture and store the Sanitary
Sewer features that were identified on the 200’ scale maps and in a manner that
would enable linking with any existing or future databases.

Pilot – For any project of this magnitude, the importance of a pilot study
cannot be over emphasized. It is needed to help fine-tune specifications, validate
database design and develop conversion methodology. Therefore, the specific
goals associated with the pilot study were:

• To recommend a methodology for the conversion of all the Sewer map
sheets.

• To determine the time required for completing each task during the
conversion process.

• To test the validity of the Sewer database design

In order to create an effective pilot, the Technical committee developed a set of
criteria for the selection of an area.  Based on the criteria, the team selected 8
contiguous map sheets of the County containing the largest possible variety of
sewer features.  Selecting a complex area for the pilot ensured that most of the
issues to be encountered in the actual project could be addressed early.  Some
features, which did not exist, were improvised.

Based upon the data source, database design, and application requirements, two
data conversion methods were evaluated.  These methods were: direct digitizing
and heads-up digitizing.  After the study, the heads-up digitizing proved to be
more efficient and cost effective, and was recommended and used for Phase II.

Phase II

After the completion of the pilot study, came the million-dollar question.  Should
the conversion be done in house, by a vendor, or a hybrid?  After a couple of
months of debate, a decision was made to perform the conversion in house.
The decision to do the conversion in house was based on the following:



• The County had a good digital base map
• Clean and simple sanitary sewer system map
• Features to be captured were simple, node and lines.
• Enthusiastic, eager and capable staff familiar with the sewer system map
• Attribute information already existed in a digital database format

At this time, the following have been completed:

• 88,000 sanitary structures
• 3,144 miles of sanitary sewer lines
• QA/QC on structure IDs to ensure their uniqueness
• All pumping stations verified

Something that we tend to overlook when such a massive conversion project is
performed in house is a sense of accomplishment and pride.

Phase III (Applications and immediate Benefits)

Currently, no major application has been developed specifically for WWM.  WWM
has been fortune to piggyback on the applications that have been developed by
the County’s GIS group.  Examples of such applications are the data loader, the
navigator and ability to create customized maps at different scales.

Listed below are several benefits realized from the work performed thus far.

• Every County employee has access to the sewer system map.
• County Staff has instant access to updated information.
• The AutoCAD drawing of the primary network has been integrated with the

GIS layer.
• The feature attribute database that was being maintained separately has

been integrated with the GIS layer.
• Eliminated 99% of the errors in structure IDs.
• The CWMS has been linked to the GIS layer.

Future Direction

WWM is currently evaluating three hydraulic models. The selected model will be
integrated with the GIS Layer enabling the current standalone hydraulic capacity
analysis model to be retired.  The current coverage will be converted into a
Geodatabase to improve the intelligence of the database structure.  After rolling it
out to the engineering community at large, we will explore the possibility of digital
submission of sanitary sewer as-built drawings.



Conclusion

The conversion of our sanitary sewer system into a digital format has been a long
and interesting endeavor.  WWM believes that GIS is a very useful and
productive technology and could be used in almost all its daily business
functions.   The benefits that we are currently seeing are just minuscule. The
major benefits will be realized when we start linking it to our major enterprise
systems, such as SCADA, customer information system (CIS), permitting system
and land development system (LDS).
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