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Boothbay Region Water District
Boothbay, Maine
Focus: Drinking Water

T

he Boothbay Region Water District is a quasimunicipal water district serving the towns of
Boothbay, Boothbay Harbor, and Southport in
a peninsular area of mid-coast Maine, a region heavily
dependent on tourism and subject to seasonal shifts in
population density. The District’s principal water source
is Adams Pond; Knickerbocker Lake is its backup
supply. The watersheds of both sources are relatively
small, 1.50 and 1.59 square miles respectively, and are
highly prized resources. Both water bodies are located
in Boothbay, but most of the District’s customers live in
Boothbay Harbor. This disparity created political friction
until the present district was created by consolidating the
water districts that had served the two towns.
The Boothbay Region Water District operates a state-ofthe-art water treatment plant that treats 2 million gallons
per day. Recognizing the importance of the multiple
barrier approach, the District first seeks the highest
quality raw water and, in the process, reduces treatment
costs. In light of rising petroleum prices, chemicals for
treatment are becoming more expensive. Plant efficiency
is noticeably improved with cleaner source water due to
the reduced need for electricity and treatment water.
The need to comply with the Long-Term Enhanced
Surface Water Treatment Rule created a large incentive
for the district to invest in source water protection.
Conducting a comprehensive watershed survey with the
help of regulatory agencies and volunteers, the district
worked to delineate areas of potential contamination.
Concurrently, the Maine Department of Health’s
Drinking Water Program completed a Source Water
Assessment Program (SWAP), which further refined the
identification of threats to the district’s water supply.
Adams Pond was determined to be the most threatened
water supply in Maine.
Armed with the results of a citizens’ survey and the
SWAP, the District cooperated with the Knox/Lincoln
county Soil and Water Conservation District to obtain

a section 319 grant from the U.S. Environmental
Protection Agency (EPA) to address gross non-point
source pollution problems. In addition, phosphorous
levels in the two water sources necessitated passage of a
watershed protection ordinance subject to a town-wide
vote. To aid in enforcement of both phosphorous levels
and non-point source pollution problems, the District
funded, through Boothbay, a dedicated code enforcement
officer to educate the public and enforce proper erosion
control measures under state and local regulations. The
defining moment in watershed protection came during
the consolidation of the East Boothbay Water District
and the Boothbay Harbor Water System into the present
Boothbay Region Water District. Overnight, local
Selectmen and Boothbay voters chose to “buy in” to the
Boothbay Region Water District, and embrace common
goals for the watershed.
The regulatory effort is supplemented by public
education through local environmental groups and
schools, which increases awareness and support for
protecting the water supply. The Knickerbocker Lake
Association, composed of owners of lake front property,
promotes lake protection and public awareness of sound
stewardship practices.
Boothbay also faces a heavy influx of out-of-state
capital, which drives rising property values and
subsequent development pressures. The District
responded to this situation by developing a source water
protection plan that emphasizes land protection through
a combination of land acquisitions (including life estates,
rights of first refusal, conservation easements, and
donations), best management practices, and reliance on
state and local laws and ordinances.
Pursuant to its land acquisition plan, the district acquired
36 acres over the past three years in order to protect
existing forestland and trees. This acquisition increased
by about four percent the district’s holdings in the Adams
Pond watershed, one of its two sources of raw water. The

District also forged alliances with the Boothbay Region
Land Trust and other philanthropic organizations to
procure land and other property interests. The focus of
these land protection actions is to preserve as open space
high-value or high-risk watershed property.
Using best management practices developed by the
Maine Department of Environmental Protection to
control erosion and phosphorous, the District embarked
on continued preservation. The effort focused on
applying low-tech, low-cost techniques designed to
limit off-site contamination to poorly maintained
“camp roads” and construction sites. Infiltration basins,
velocity check dams, and artificial wetlands were used as
effective and aesthetically pleasing ways to continue the
District’s watershed protection effort. Vegetated buffer
strips are proving to be the most cost-effective way to
control phosphorous contamination. Much of the new
development in the Adams Pond and Knickerbocker
Lake watersheds is required to incorporate plantings,
particularly in the shore land zones. “Green envelopes,”
portions of undeveloped property left in their natural or
semi-natural state around new homes, are also proving
successful.
The District is working with Boothbay and the local
sewer district to extend water and sewer service
through the densely populated areas of the watershed, a
project likely to cost more than $5 million and require
federal, state, and local funding. This effort will be an
opportunity to take many failing and marginal septic
systems out of service, thereby reducing phosphorous
loadings into Adams Pond.

Secchi disk readings since 2001, when the watershed
protection program began, indicate there is less
suspended material in the district’s raw water.
Phosphorous levels also have declined since 2001.
The District has not undertaken a detailed study of cost
savings or cost avoidance resulting from its watershed
and source water protection efforts. However, filters
generally are running for extended times because the
raw water has fewer suspended solids. There is less
use of district sewers to dispose of process water, and
power usage has remained steady or declined slightly.
Additionally, studies indicate that there is a direct,
proportional link between the economic value of
waterfront property and water quality.
The watershed effort supports a significant fresh
water sport fishery that includes brook trout and
pickerel. Knickerbocker Lake has reestablished sea run
populations, the most significant being alewives, an
important commercial species used for lobster bait.
Throughout this process of adopting a watershed-based
approach to management, the Boothbay Region Water
District has learned the importance of developing a
source water protection plan to guide management,
devoting staff to plan implementation, staying alert
to local opportunities to enhance source protection,
building partnerships, leveraging federal and state
regulations for local purposes, and educating local
citizens and officials.

The District is partnering with the Maine Department of
Transportation to pilot the use of mechanical separators
in specific areas of the Adams Pond watershed. The
separators are used to filter out solids, petroleum, oil, and
lubricants. This ambitious project will be managed with
public funds and operated by the District.
The District believes the primary factor for its success
thus far is political. The community’s political will
enabled watershed protection action. Originally, the
district tried unsuccessfully to take a more aggressive
approach with Boothbay. Education and voluntary
acceptance, or “buy-in,” turned out to be more
successful. The survey and SWAP were key factors
in informing the public and creating political support.
Now, it is “politically correct” to support water quality
protection. Still, regulating land use will continue to be a
political challenge.
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P.O. Box 520
Boothbay, ME 04537
(207) 633-4723
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D

enton, which serves a population of
approximately 102,000, initiated its watershed
protection program in 2001 to reduce pollutants
in its surface waters and to ensure compliance with the
Storm Water Phase II rule.
Denton has addressed environmental issues through the
City Development Code and its 20-year Comprehensive
Plan. It has sought to preserve green space, enhance
water quality, and minimize flooding. Because all of
the City’s surface area ultimately drains into its main
drinking water source, Lake Lewisville, watershed
protection was a natural progression. The City also
discharges its municipal waste water effluent into Lake
Lewisville, an activity that has obvious treatment costs
and ecological concerns
Denton’s watershed protection program builds on
monitoring which began in 1998 when the City
and the University of North Texas was awarded an
Environmental Protection Agency (EPA) EMPACT
grant. This and other monitoring activity has been used
to establish preliminary baseline conditions, addressing
the physical, chemical, and biological components of the
City’s surface water resources. Monitoring also supports
the Phase II program, and the assessment of water
quality for source water protection purposes.
Denton obtained EPA Project XL status and began
to examine how to accomplish watershed protection
activities and objectives within the XL program context.
The City also won a section 104 grant from EPA to
implement monthly watershed-based monitoring at 65
stations in sub-watersheds throughout the City.
The City’s watershed approach relies on a temporally
and spatially dense monitoring network and uses a wide
variety of sampling equipment. The information gathered
is presented in many formats, including neighborhood
meetings, a “Find Your Watershed” Web page, and cable
TV presentations.

The data generated by the monitoring program informs
scientific research, public education, and decisionmaking on a local level. Denton’s use of monitoring
data to educate and engage the public contributed to
the passage of a local drainage fee to support watershed
protection and the storm water program. In addition to
the Web page and cable shows noted above, flyers, bill
stuffers, local public service announcements, workshops,
monitoring, and “stream clean” events continue to build
public knowledge and involvement.
The public’s increased awareness of water quality
matters was also instrumental in enabling Denton
to pass ordinances for riparian corridor and green
space protection, increased stream stabilization, and
enhancement of habitat and recreation.
The City is pursuing a multi-faceted approach to
watershed management and protection:
• Under the auspices of the XL Project, Denton
integrated storm water and pretreatment
requirements.
•

Denton uses extensive monitoring to help meet
Municipal Separate Storm Sewer System (MS4)
storm water requirements including construction
and post-construction site runoff control, illicit
discharge detection and elimination, and public
education and involvement.

•

Denton presents the public with monitoring
data in a manner that is visually appealing
and understandable. Public education and
involvement activities are used to raise
watershed awareness, note changes, and assist
decisions about the allocation of resources.

•

Storm water and watershed goals are integrated
throughout various municipal departments,
allowing municipal employees to efficiently
detect problems and effect changes.

Over the past year, Denton has been exploring the
possibility of conducting water quality trading within its
watershed between point and non-point source polluters.
By allowing water quality trading, Denton hopes to
capitalize on the economies of scale and control-cost
differentials between the various sources of pollution
within the watershed. In particular, Denton hopes
to encourage non-point source polluters to embrace
best management practices (BMPs), including stream
restoration and rehabilitation activities, to reduce
pollution. The City hopes to conduct the trading by
estimating the economic efficiency of the BMP projects
and allocating water quality credits accordingly.
Denton is also in the process of securing a 319 grant
with the State to conduct BMP implementation within
the watershed. While current plans limit water quality
trading between point and non-point sources, Denton
hopes to expand the trading program to include trades
between two point sources, focused on Denton’s
Environmentally Sensitive Areas, which are protected by
municipal code.

procedural approach for the implementation of
watershed-based permitting would be of great benefit.

Denton has modeled watershed loads of target
constituents in theoretical “pre-development” conditions
and at the current level of development. These models
have been used to create transfer functions relating land
uses to loadings. Several demonstration BMPs are in
the design phase. The City plans to examine the way
in which trades might be conducted, the necessity of
code modifications, and the creation of a watershed plan
centered on trading.
All the activities undertaken have provided greater
understanding of watershed issues in Denton and have
been used to guide efficient allocation of resources
including enforcement. Denton believes that it has
reduced resources needed to clean sediments out of
drainage structures, although the reductions are not
directly quantifiable. Illicit discharges have also been
detected and removed, providing measurable benefits
to the receiving stream. The City also has relied on
watershed monitoring and its municipal code to influence
or guide development in an environmentally positive
way, while more efficiently deploying inspectors to areas
where problems are apparent.
Denton would like to transition to a watershed-based
permitting program but anticipates some difficulty
navigating through state and federal regulatory
programs. The regulatory flexibility of the XL Program
has allowed the City to integrate pretreatment and
storm water programs with its watershed goals. The
development of similar flexibility in the state-federal
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City of Denton
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The Brick Township Municipal Utilities Authority
Brick Township, New Jersey
Focus: Drinking Water, Waste Water

The Brick Township Municipal Utilities Authority serves
about 100,000 residents of New Jersey’s Brick Township
and several adjacent municipalities. The Authority
draws approximately 75 percent of its raw water from
the Metedeconk River and the remainder from deep and
shallow wells. Brick Utilities recently constructed an 860
million-gallon reservoir to store raw water pumped from
the Metedeconk.
Wetlands cover 30 percent of the watershed, which also
features intact riparian forests. Almost 60 percent of the
watershed is open space, and the water quality is high.
However, the Metedeconk Watershed is located between
the New York and Philadelphia metropolitan areas and
their associated development pressures. Current zoning
would allow for only 18 percent open space after full
build-out. An estimated 10.7 percent of the watershed’s
surface is already impervious. Full build-out would result
in impervious cover in excess of 16 percent, which will
lead to degraded water quality due to increasing levels
of Biological Oxygen Demand (BOD) and Chemical
Oxygen Demand (COD). The increased BOD and COD
will depress oxygen levels enough to harm aquatic life.
Levels of phosphorous, lead, and cadmium are already
causing concern and would increase as development
increased.
Water quality monitoring is a significant component
of Brick Utilities’ watershed management efforts. Two
full-time individuals are responsible for year-round
daily monitoring throughout the drainage basin. This
monitoring is done primarily in support of drinking water
treatment plant operations. In addition, semi-annual and
annual sampling is used to acquire data on long-term
water quality trends. By coupling monitoring data with
land-use data and modeling, changes in water quality
can be predicted based on various build-out scenarios or
restoration efforts. Brick Utilities relies heavily on the
professional services of its watershed consulting firm for
much of its technical watershed work.

The Metedeconk River flows through two counties and
seven municipalities. The towns have implemented
varying levels of water resource protection. Landuse planning to protect water resources is an integral
part of the Authority’s watershed protection efforts.
With virtually no National Pollutant Discharge
Elimination System (NPDES) industrial/waste water
discharges upstream, threats to water quality are limited
primarily to non-point source pollution and storm
water-related impacts. The Authority seeks to create a
uniform set of water resource protection mechanisms
across jurisdictions that would follow Low Impact
Development (LID) concepts. Doing so would improve
ground water recharge and minimize storm water
impacts. Maintaining ground water recharge in the basin
is especially important because 70 percent of river flows
are attributed to the base flow.
Brick Utilities’ watershed protection program also
includes assessment of spills, monitoring of construction
site runoff, identification and elimination of illicit
discharges to storm water conveyance systems,
identification and reporting of illegal discharges and
dumping activities, land preservation support, and
restoration projects. Work on a few of these elements has
yet to begin; further implementation of the watershed
management plan and greater stakeholder collaboration
are necessary first. The Authority works actively with
other public and private entities, including the Barnegat
Bay National Estuary Program. (The Metedeconk River
is the northern-most natural waterway draining into
Barnegat Bay.)
Brick Utilities was selected to take part in a Source
Water Stewardship pilot project in conjunction with
the U.S. Environmental Protection Agency (EPA), The
Trust for Public Land (TPL), the U.S. Department of
Agriculture (USDA) Forest Service, and the University
of Massachusetts.

TPL has acquired high-value property in the watershed
and adjacent to the Turkey Swamp Wildlife Refuge,
in addition to the 12-acre Lake Louis along the North
Branch Metedeconk River. The Authority periodically
contacts TPL and seeks to work with local governments
on upstream land preservation projects when potential
opportunities arise.
Both counties through which the Metedeconk River
flows support the watershed protection effort, as do five
of the seven municipalities served by Brick Utilities; the
Authority continues to seek support from the remaining
two. If they do not join the project, it may be necessary
to compartmentalize the watershed by sub-watershed
and work with the communities that are interested in
participating.
Brick Utilities believes it can succeed because it
recognizes the importance of protecting watersheds and
source water. It sees forecasts of future water supply
deficits and the ground water-surface water linkage
as reinforcing the importance of these efforts. The
importance of protecting Barnegat Bay, with its huge
economic and recreation benefits, the implementation of
Phase II storm water management regulations, and the
prominence of non-point source pollution in the basin,
are additional reasons to pursue watershed approaches.
Brick Utilities is not far enough along in implementing
its watershed management plan to be able to assess
overall performance or results. Still, its emphasis on
monitoring data has clearly proven its value, particularly
in evaluating surface water quality and identifying and
analyzing the impacts of newly discovered problem
areas. Another example of success is the credible
demonstration of the effectiveness of riparian buffers
in the watershed. While studies conducted by Brick
Utilities, Camp, Dresser & McKee, the University
of Massachusetts, and the state of New Jersey do not
include exact measurements for load reduction, they
indicate a correlation between areas with riparian buffers
initiatives and maintenance, and reduced pollutant loads.
One indicator of success resulting from this watershed
work is the state of New Jersey’s designation of the
Metedeconk River as a “Category 1” waterway in August
2004, due to its “exceptional water supply significance.”
With the designation comes an anti-degradation standard
and 300-foot riparian buffer requirement.
Although it is impossible to characterize cost savings at
this time, Brick Utilities anticipates reduced expenses
and capital costs savings along with environmental and
program benefits.

Brick Utilities considers as extraordinarily beneficial
its investment in understanding the characteristics of
the watershed via a formal watershed characterization
document as well as routine and comprehensive data
collection and analysis. The watershed characterization
provides a foundation for the rest of the watershed
protection process, and is used to promote a general
awareness of water resource issues within the watershed
community.
One area that demands more attention is the education
of municipal officials on water quality and quantity
issues in the watershed and their relevance to municipal
planning. Also, more consistent communication
with local officials is needed, especially in upstream
municipalities. Such steps may have avoided difficulties
in the past.
Brick Utilities recognizes that much may be
accomplished through voluntary partnerships, but it
views regulatory measures to be the more effective
tool. Also, water resource planning based on watershed
boundaries, not jurisdictional boundaries, is essential.
Some degree of joint or collaborative planning should be
a requirement for all towns in the basin.
Brick Utilities will follow through on the implementation
process. It will convene stakeholders in a watershed
protection forum. It also will use the Phase II storm
water management rules as an opportunity to create
a regional storm water management plan with more
watershed-specific measures to be identified and
implemented. The regional storm water management
plan will initiate formal revisions to the area-wide water
quality management plans, which have the force of
regulations. Brick Utilities will also continue to work
with municipalities to secure their formal support.
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P

ortland, Oregon, has embarked on a “River
Renaissance.” The City’s comprehensive,
strategic, and integrated watershed approach to
improve water quality is science-based and founded
on an independently peer-reviewed “Framework for
Integrated Management of Watershed Health.”
The City Council unanimously adopted the Portland
Watershed Management Plan (PWMP), which
documents the watershed approach and covers the entire
City. The PWMP addresses the sources and causes of
environmental problems—not the symptoms—that
affect a population of over 500,000. The plan includes
management tools to track progress and measure
results, and focuses on achieving net environmental
improvements over time.
Portland’s primary concern is the Willamette River and
urban wet weather flows, in particular combined sewer
overflows (CSOs), which discharged 2.8 billion gallons
into the river in 2004.
Because the City’s water and watershed resources are
impacted by the actions of nearly every city bureau,
the PWMP informs decisions across all municipal
functions. In doing so, the plan unites all the City’s
natural resources work under a single comprehensive
management and implementation system.
Through the PWMP, Portland seeks to use adaptive
management techniques to comply with a variety of
environmental laws including the Clean Water Act, the
Safe Drinking Water Act, and the Endangered Species
Act. The City seeks to integrate science and planning
for the capital funding of infrastructure. It also aims to
improve water and watershed health by transforming
the way the City builds, develops, and grows by
employing such techniques as Green Streets, sustainable
development, and improved design and construction of
infrastructure.

Portland advocates the watershed approach as an
alternative to traditional, expensive construction.
Under orders to meet water quality regulations in ways
that focus on infrastructure first instead of watershed
functions, the City is spending $1.4 billion to meet
CSO requirements and has developed two important
paths to meet its obligations. First, it has developed
a comprehensive storm water management approach
aimed at treating storm water as a vitally important
resource. This approach requires that storm water be
managed at the surface in vegetated facilities to the
maximum extent feasible. By disconnecting their
downspouts, for example, 44,000 homes and businesses
have removed a billion gallons of storm water from the
piped system.
The second path to meeting the City’s obligations is
the integration of watershed protection principles in the
City’s work so that as streets are built and development
occurs, water and watershed protection happens too.
One example is decreasing the amount of impervious
ground cover in the City. With 25% of Portland’s
surface area streets, and 40% rooftops, over half of
Portland’s surface area is currently impervious. Efforts
to manage the amount of impervious surface area are
incorporated into the re-development of older areas of
the City, as well as new development.
Portland has years of experience pursuing sustainable
storm water management, low impact development,
adapting street and other construction methods to
protect fish species, and other innovative practices that
contribute to its watershed approach. Green streets,
ecoroofs, vegetated swales and planters, revegetation of
riparian areas, and infrastructure design that incorporates
riparian and stream repair components are now standard
business practices for the City.
Portland’s Bureau of Environmental Services and the
U.S. Environmental Protection Agency (EPA) jointly
funded an Innovative Wet Weather Program for storm

water management grants to improve water quality.
In 2004 the list of proposed projects totaled almost $3
million. New City-owned buildings are required to have
a green roof covering 70 percent of the roof area. Zoning
bonuses are available that allow buildings with green
roofs to have additional square footage. In 2006 the
City began offering a storm water fee discount of up to
35 percent for properties that have on-site storm water
management.
The City is also installing and studying vegetated curb
extensions to capture storm water while creating an
attractive landscape design. Flow tests indicate that this
technique can reduce peak flow from a 25-year event
(2 inches in 6 hours) by 88 percent. Besides protecting
basements from flooding, curb extensions reduce total
runoff (2,000 gallons in the simulation) to the CSO
system by 85 percent at a cost of only $15,000.
Portland has an extensive network of public, private,
and not-for-profit stakeholders that have been part of
the watershed planning process and who help guide
its implementation. An independent science team and
a storm water advisory committee advise the City on
ongoing efforts to improve storm water management,
and there are watershed councils throughout the entire
Portland area.

largely as part of proejcts with other goals. This avoids
the large costs solely for watershed or environmental
purposes, that have made environmental projects hard to
fund in the past.
Portland has found that innovation and tolerance for risktaking works in a watershed context. The best solutions
provide environmental and watershed improvements in
ways that first address the watershed. In other words,
regulatory compliance needs to be achieved by actions
that provide net environmental improvements in the
watershed. For instance, a separate storm water system
might comply with the Safe Drinking Water Act, but at
the cost of taking water out of the basin, aggravating
temperature problems and making recharge of ground
water difficult. When storm water is managed at the
surface, in vegatated facilities, these problems are
avoided.
An exclusive focus on narrow compliance issues can
lead to the wrong solution for a watershed. Incentives
and policies need to steer a community toward
integrated solutions that are the best net environmental
improvement.

Several significant factors contribute to the success
of Portland’s watershed approach. One is its long
history of pilot projects and innovation in sustainable
storm water management. The importance of making
watershed improvements a citywide responsibility,
and creating a management structure that requires the
consideration of water and watershed health as a core
responsibility for all city functions, cannot be overstated.
These responsibilities result in hundreds of millions
of dollars worth of capital projects being designed to
incorporate watershed protection. Portland also benefits
tremendously from the political support of its City
Council.
The City has accumulated project cost comparisons
and is using them to inform its actions. In one 13square-block area, for example, the “pipe” solution was
estimated to cost $1.4 million; the combination of pipe
and “green” solutions was estimated to cost $0.5 million.
Watershed solutions are selected when they are estimated
to cost less, the same, or only slightly more than the
conventional ones, and when they are achieved as part
of a multiple-objective solution. This latter concept is
crucial and is superior to simple cost comparisons.
Watershed solutions are being acheived in Portland
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T

he San Antonio Water System (SAWS) serves
approximately 1.2 million customers. It has
over 90 wells drawing from the Edwards
Aquifer, which was the first aquifer in the United
States to receive a sole source designation by the U.S.
Environmental Protection Agency (EPA). SAWS and its
regional partners are pursuing comprehensive watershed
management, which includes source water protection
and habitat restoration in streams leading to the Gulf of
Mexico.
SAWS regionalizes waste water treatment by
consolidating facilities while de-centralizing streamflow
discharges. This regionalization enables SAWS to
achieve outstanding performance and savings through
economies of scale, while providing dispersed
assimilation of effluent loadings.
The System owns and operates the nation’s largest
recycled water distribution system. It has 35,000
acre-feet capacity and a 5,823 acre-feet set aside for
environmental enhancement and restoration. Ratepayers
have funded the $140 million recycled water system,
which was designed and built as a dual-use project
to provide water for direct non-potable reuse and for
streamflow augmentation discharges. SAWS also has a
treatment facility interconnection to provide operational
flexibility and protection for the receiving stream.
However, without an integrated permit, use of the
interconnection is not authorized. SAWS has constructed
four new discharge locations for the sole purpose of
streamflow augmentation.
To achieve maximum reliability, optimized supply
management, and maximum environmental protection
through discharge loadings management, facility
interconnections were constructed so that, if permitted,
they will result in the release of commingled effluents
at various outfalls. However, this activity requires a
significant departure from past permitting paradigms in
favor of an integrated approach. SAWS has proposed

an innovative permitting approach to authorize multifacility, multi-outfall discharges while providing higher
levels of environmental protection through lower
authorized loadings and dispersed loading assimilation.
San Antonio is not working toward a watershed-based
permit for all contributory flows (storm water and
industrial and domestic treated effluents) in the basin.
Instead, San Antonio is working only to link multiple
domestic treatment plants and multiple outfalls.
Overcoming the barriers to implementing an integrated
municipal permit may require new state legislation.
Although the Texas Commission on Environmental
Quality (TCEQ) has expressed general agreement
with the concept and benefits of an integrated permit
approach, SAWS elected to pursue individual waste
water permits due to concerns over receiving stream
modeling, permit fee assessments, and a perception that
effluent commingling may create toxicity.
The TCEQ has statutory authority to collect waste water
assessment fees. A single, integrated permit could limit
the state’s ability to collect water quality assessment fees
under current regulatory guidelines. Moreover, concerns
have been raised that the integrated permit could allow
a discharger to manipulate the interconnections of the
system and cause environmental harm through dispersed
outfalls at different stream locations. Stream modeling of
multiple commingled effluent outfalls involved several
unrealistic assumptions that, if implemented, would have
severely limited the ability of SAWS to pursue future,
additional effluent outfalls. SAWS proposed to reduce
currently authorized loadings and monitor the quality
of effluent and of the stream, but loading and flow
balance concerns remained. Finally, EPA raised concerns
that commingling non-toxic effluents may result in
synergistic toxic effluents. Currently, all of SAWS’s
effluents become commingled when receiving streams
merge just downstream of its facilities, but no toxicity
has been observed.

SAWS and its regional partners implement source water
protection through land acquisitions, conservation
easements, regulations, and education. In 2000, San
Antonio voters approved a one-eighth cent sales tax to
protect the Edwards Aquifer and to create greenways
along sensitive creeks. This measure raised $45 million
and was re-authorized in 2005 to raise another $135
million.
The System has managed the prioritization and
acquisition of over 6,500 acres for water quality
protection. It purchased a conservation easement for $2.9
million to keep 7,045 acres over the Edwards Aquifer
recharge zone from being developed.
SAWS has developed a mandatory template Aquifer
Protection Plan for developers to use. It includes
Pollution Prevention Criteria, Control Strategies, and
Best Management Practices (BMPs). As part of the City
of San Antonio’s efforts to protect the water quality in
Bexar County and a direct result of the “33 Mandates,”
the Aquifer Protection Ordinance No. 81491 was passed
by the San Antonio City Council on January 12, 1995.
All resulting aquifer protection plans must be approved
by SAWS and all identified Category 2 and 3 properties
over the Recharge Zone in Bexar County to have a
completed Aquifer Protection Plan prior to development
of the site. In addition, SAWS received an EPA grant
to study and restore Leon Creek. The main goals of the
Leon Creek Restoration Project, a cooperative multiagency effort, are to reduce and prevent storm water
runoff and to create linear parkways.

watershed protection results in an annual savings of at
least $20 million over the cost of treating water from the
aquifer.
Using recycled water to restore flow in streams has
enabled SAWS to address total maximum daily loading
(TMDL) issues. By initiating recycled flow to a portion
of the Salado Creek, which was stressed by low
dissolved oxygen and bacteria, SAWS and its partner
agencies were able to remove the creek from the 303(d)
list for dissolved oxygen.
Water recycling also helps SAWS avoid an estimated
$35 million a year to develop new water supplies,
assuming that the cost of developing new water supplies
is likely to exceed $1,000 per acre-foot. San Antonio
historically has pumped water from Edwards Aquifer to
supplement stream flow during times of drought. Faced
with increasing regulatory restrictions on quantity and
authorized uses of the Edwards Aquifer water, and to
satisfy growth demands and meet stream needs, SAWS
developed recycled water outfalls to the San Antonio
River and Salado Creek that provide vital, high-quality
flow to the streams. This development also has had
economic benefits since the San Antonio River Walk is
the City’s top tourist attraction and one of Texas’ largest
economic generators.
SAWS’s watershed approach has resulted in improved
environmental health for downstream communities and
for streams and water bodies that were largely ignored
in the past. Working to improve the watershed has
improved cooperation at the regional level, which will
help future water supply projects.

Among its numerous watershed-awareness and education
efforts is SAWS’s Educator’s Learning Institute for
educating K-12 students on water quality, conservation,
environmental awareness, and pollution prevention. As
part of this effort, SAWS funds an annual conference,
resource materials, scholarships, and grants.
SAWS is also partnering on several regional ecosystem
restoration projects including the restoration and
enhancement of 13 miles of the San Antonio River. One
four-phase project, beginning construction in 2008, will
last 10 years and is projected to cost $123.5 million.
Watershed protection is clearly less expensive than
watershed restoration. Protecting the Edwards Aquifer
has allowed SAWS to avoid treating its potable water
beyond chlorination and fluoridation. Nationally, water
costs are about $2.00 per thousand gallons, 15 percent of
which is spent on treatment. San Antonio estimates that
at the current usage rate of 190 million gallons a day,
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or more information on this system, contact:
Steve Clouse
Vice President of Production and Treatment
San Antonio Water System
2800 U.S. Hwy 281 North
P.O. Box 2449
San Antonio, TX 78298-2449
(210) 233-3774
sclouse@saws.org
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harlotte-Mecklenburg Storm Water Services is
a county-level department serving a population
of almost 750,000. The department’s watershed
management efforts are part of its Surface Water
Improvement and Management (SWIM) Program, which
began in 1997 with the goal of achieving “swimmable/
fishable” water quality conditions countywide.
SWIM Phase I, completed in 2004, involved a
countywide initiative to implement the basic steps
necessary to improve general water quality using proven
techniques such as enhanced water quality monitoring
and modeling.
In FY2006, the department finished prioritizing the
county’s 22 watersheds and selected two high-priority
watersheds for intense water quality restoration efforts
under S.W.I.M. Phase II. The watersheds selected were
McDowell Creek in the north and Goose Creek in the
south.
McDowell Creek drains into Mountain Island Lake,
Charlotte-Mecklenburg’s primary drinking water
supply. Significant land development in the 69-squaremile watershed led to an increase in non-point source
pollutant loads and to significant degradation of water
quality, which threatened the county’s drinking water
supply. The U.S. Environmental Protection Agency
(EPA) and the North Carolina Division of Water Quality
declared McDowell Creek a “Restoration Watershed”
and have been coordinating restoration work.
Goose Creek is home to the Carolina heelsplitter, a
federally listed endangered species of freshwater mussel
that is threatened by storm water runoff from land
development.
Charlotte-Mecklenburg Storm Water Services developed
and is now implementing a watershed management
plan for the McDowell Creek watershed. A total of
$1,307,711 in state and federal grants, matched by an

equal amount of local dollars, has been awarded to the
county to retrofit best management practices (BMPs) in
developed areas to reduce pollutant loads.
In 2003 the town of Huntersville, which is in the
McDowell Creek watershed, adopted a low impact
development (LID) ordinance to reduce pollutant loads
from new development. LID and the BMP retrofits
ultimately will lead to reduced pollutant loads despite
new construction. An extensive water quality-monitoring
program has been developed and implemented to
measure the success of these efforts. Water quality
modeling is also being used to target restoration efforts
for maximum effect.
In cooperation with municipalities in the watershed,
the S.W.I.M. Program is developing a water quality
restoration plan to reduce bacteria levels in Goose Creek.
An ordinance is being developed that will reduce nonpoint source pollution from post-construction activities,
and a water quality-monitoring program will be
implemented to assess progress in the watershed.
An aggressive land acquisition initiative underway in the
Mountain Lake and McDowell Creek watersheds since
1991 has spent about $29 million raised by Mecklenburg
County Park Bonds. By 2005, approximately 1,000 acres
had been purchased in the McDowell Creek Watershed
and more acquisitions are planned for the future. The
parcels were selected for purchase based on their
potential water quality benefit or other environmental
significance, and are being preserved as open space
and passive recreation. The parcels may also provide
locations for BMPs in the future.
In the late 1990s, a stakeholder partnership called the
Mountain Island Lake (MIL) Initiative received support
from the North Carolina Clean Water Management Trust
Fund (CWMTF), the nation’s first state-funded program
dedicated to funding the protection and improvement of
waterways. The initiative’s first grant was for $6 million

to protect a large tract on the western shore of Mountain
Island Lake.
The initiative set a goal of protecting 80 percent of the
lakeshore and 80 percent of the tributaries, the latter
targeted as a result of modeling that emphasized the
environmental significance of smaller streams and
tributaries at MIL’s headwaters. Through the combined
efforts of the county, the CWMTF, and the cities of
Gastonia and Charlotte, 74 percent of the lakeshore
and 20 percent of the tributaries have been protected
for future public needs, including open space, parks,
greenways, and schools (based on a 2004 report of the
Trust for Public Land and the American Water Works
Association). More than 6,000 acres of watershed land
have been protected.

The average household’s storm water utility fee will
have to be increased 5 cents per month in order to raise
$590,000 annually to fund the CIP for the benefit of the
watershed management plan. This additional money will
leverage $1.8 million in state and federal funding.
S.W.I.M. Phase III will build on the successes of Phase
I and Phase II. Its aim will be to implement countywide
maintenance and restoration initiatives in 2008 while
staying focused on achieving “swimmable/fishable”
waters countywide.

EPA provided significant funding for the initial
development of the water quality model in 2000. The
Agency also provided S.W.I.M. with funding from 1997
through 1999. And its section 319 grants are paying for
BMP retrofits in the McDowell Creek watershed.
Funding is the biggest barrier to developing and
implementing a watershed management approach in an
area experiencing rapid growth. Charlotte-Mecklenburg
Storm Water Services and the county have been fortunate
in meeting some funding needs through the local capital
improvement program (CIP) as part of their storm water
utility. The CIP has been used to match federal and state
grants, including 319 grants and grants from the North
Carolina CWMTF.
Having the money and staff to implement the watershed
management plan, as well as having the support of
county management and elected officials, has been
crucial.
The watershed management plan’s focus is now on
retrofitting BMPs on county-owned property. Three
active projects in high-priority areas include 70 water
quality BMPs and several miles of stream restoration.
Planning is underway to install more BMPs in other
areas of the watershed.
Upland and in-stream water quality goals have been
established and a monitoring program is in place.
It is too early to identify any specific water quality
improvements as a result of plan implementation;
however, Charlotte-Mecklenburg Storm Water Services
anticipates that total suspended solids loadings could be
reduced from the 0.544 tons/acre/year measured last year
to less than 0.449 tons/acre/year by June 2007.
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or more information on this system, contact:
Rusty Rozzelle
Water Quality Program Manager
Mecklenburg County Land Use & Environmental
Services
700 North Tryon Street
Charlotte, N.C. 28202
(704) 336-5449
(704) 336-4391 (fax)
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lean Water Services (CWS) was formed as a
Special Services District in 1970 through the
consolidation of 26 small municipal utilities,
and provides waste water and storm water service to
12 Oregon communities west of Portland. One primary
goal of creating CWS was to correct the significant
water quality problems in the Tualatin River watershed.
Partnering with other agencies in the 1970s, CWS
constructed a reservoir at the headwaters of the Tualatin
River basin. The reservoir’s purpose was to release water
during the fall to augment the river’s flow and increase
the dissolved oxygen in its main stem.
CWS is responsible for the implementation of
mandatory design and construction standards, for
sanitary and surface water management systems for
new developments, and for its 12 member communities
to incorporate into their ordinances and codes. The
standards cover elements of sanitary and storm water
conveyance systems, riparian buffer requirements,
and erosion control. The standards were developed in
part following the establishment of a total maximum
daily load (TMDL) for phosphorous in 1988. At that
time, CWS partnered with the Oregon Department
of Environmental Quality (DEQ) to complete studies
supporting the development of the TMDL, which later
was adopted into state law as the Tualatin Basin Rule.
CWS began monitoring surface water in 1973, and over
the years has expanded its monitoring activities to cover
sites throughout the Tualatin Basin. The measurement
of stream flow and temperature is funded by the Oregon
Water Resources Department, and continuous chemistry
measurements are taken by the U.S. Geological Survey
on the Tualatin River and its major tributaries. A second
round of Tualatin River TMDLs was issued in 2001.
At about that time, winter steelhead and coho salmon
were listed as threatened species under the Endangered
Species Act (ESA). Additional calls for implementing

a watershed approach were made in the ESA response
plan, solidifying the need for advanced restoration
efforts.
Funded by an EPA grant to develop the watershed
approach, CWS collaborated with the DEQ to develop
and issue a watershed-based permit beginning in 2004.
The new permit combined the National Pollutant
Discharge Elimination System (NPDES) permits for
CWS’s four publicly owned treatment works (POTWs)
and a Municipal Separate Storm Sewer System (MS4)
permit for Washington County. The permit also allocated
TMDLs for four parameters—bacteria, dissolved
oxygen, phosphorus, and temperature—and established
trading programs for dissolved oxygen and temperature.
The two largest previously had separate waste load
allocations (WLAs) for dissolved oxygen that had to
be met at each plant. Under the new watershed-based
permit, the plants have a combined limit that can be met
by trading dissolved oxygen credits between the two
plants.
CWS also took a number of steps to lower river
temperatures, including augmenting the river flow during
the summer by adding cold water from Hagg Lake;
planting trees along the river and its tributaries; and
pursuing opportunities to reuse cleaned waste water, e.g.
to irrigate golf courses.
Through the watershed approach, and in particular
the trading component, CWS created an efficient
mechanism to partner with agricultural and forestry
interests upstream, while offering lower costs and
greater environmental benefits for the entire watershed.
This approach also fostered greater efficiency in
CWS’s public education programs, reducing confusion,
improving understanding, and focusing community
attention on a “single” permit in one watershed. CWS’s
water quality trading program has avoided over $40

million in capital costs, and has saved more than $1
million in operations and maintenance costs each year.
CWS is implementing the Healthy Streams Plan, an
extensive watershed plan for the urban and urban
fringe areas of the Tualatin Basin. A prioritized list of
activities is being implemented to enhance the ecological
integrity of the basin’s surface water system. The focus
of these efforts is on culvert repair, storm water outfall
retrofits, flow restoration, and stream channel/floodplain
wetland restoration. CWS also is working with local
partners outside its service area to implement streamside
revegetation and invasive species management. Over 15
miles of riparian habitat have been restored.
CWS cites several features critical to its success: the
financial involvement of EPA, which induced active
involvement by the state DEQ; CWS’s funding of
a basin coordinator at DEQ for the development of
the new combined permit; the establishment of an
integrated, intergovernmental project team; access to 10
years’ worth of ambient monitoring data and calibrated
models; the experience gained by going through two
TMDL-setting processes; and a very supportive upper
management. In addition, simple performance targets,
such as the number of trees planted or culverts replaced,
provide great incentives for all stakeholders.
Two issues of concern for future expansion of the
watershed approach are the skepticism of enforcement
personnel in regulatory agencies and the lack of adequate
financial incentives or support for state permit writers
to undertake the watershed approach. New approaches
inevitably require additional time and resources for
implementation.
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or more information on this system, contact:
Charles Logue, P.E.
Director, Regulatory Affairs Department
Clean Water Services
2550 SW Hillsboro Highway
Hillsboro, OR 97123
(503) 681-3604
loguec@cleanwaterservices.org
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anitation District No. 1 maintains 4 major
watersheds comprising numerous small
watersheds in over 512 square miles of the
northern Kentucky counties of Boone, Campbell, and
Kenton. In addition to providing waste water treatment
for the region, the District manages storm water within
a 230-square-mile area. Unable to operate at the
basin level due to a topography dominated by hills,
hollows, and creeks, the District is working to develop a
framework that can be applied to the 14-digit Hydrologic
Unit Code sub-watersheds in the region.
In 2005 the District was awaiting finalization of
the consent decree negotiated with the Kentucky
Environmental and Public Protection Cabinet (KEPPC)
and the U.S. Environmental Protection Agency (EPA)
to address sewer overflow problems and improve
water quality throughout northern Kentucky. The
consent decree sets out in detail the requirements of
the proposed watershed approach, which will include
elements of a long-term control plan (LTCP) and sanitary
sewer overflow plan (SSOP). These elements will be
completed 3 years after the consent decree is finalized,
and updated every 5 years there after. The District may
also complete an evaluation of water pollution control
needs throughout the watershed in conjunction with the
LTCP component of the plan. One component of the plan
is to coordinate combined sewer overflow (CSO) control
efforts with other permitted point and non-point source
control activities.
After numerous consolidations with municipalities and
other districts, the area served by Sanitation District
No. 1 increased significantly, from 120 miles of sewer
lines in 1995 to over 1,500 miles of combined and
sanitary sewer lines in 2000. Many of the systems it
inherited required extensive updating and maintenance
due to regulations promulgated in the late 1990s and
early 2000s. As a result, the District found itself out
of compliance with provisions of the Clean Water Act

(CWA) and the Safe Drinking Water Act (SDWA). The
consent decree was developed by the District, KEPPC,
and EPA to address the District’s non-compliance
efficiently and effectively, targeting numerous storm
sewer overflows (SSOs), CSO outfalls, and other sources
of pollution now and in the future.
The integrated watershed approach allows the District to
address simultaneously not only combined and sanitary
sewer overflow issues by incorporating a CSO LTCP and
SSOP into the watershed plan, but also other sources of
pollution. With jurisdiction over traditional municipal
point source pollution (municipal waste water treatment
plants) and pollution from urban storm water runoff
through the Phase II Municipal Separate Storm Sewer
System (MS4) regulations, the District is well positioned
for an integrated approach. The consent decree is
undergoing court review, and the District hopes to have
it finalized by early 2007.
Through a comprehensive watershed management
approach, the District will use a regional framework of
four major watersheds and numerous sub-watersheds to
identify, evaluate, and prioritize the correction of water
quality impairments. Key components of the consent
decree include compliance with the Nine Minimum
Controls for CSOs; the development of a self-assessment
for capacity, management, operations, and maintenance
to prevent or address future problems as they occur;
and the development of watershed plans, including
CSO LTCP and SSOP components, for each of the four
major watersheds in northern Kentucky. The District
also is required to implement initial watershed projects
consisting of sanitary sewer rehabilitations, removal of
improper storm water connections, and system-wide
upgrades and expansions including the construction of
two new regional waste water treatment plants. Through
the approach, the District will address 68 percent of
Kentucky’s CSOs and SSOs.

The consent decree builds on years of work by the
District, the U.S. Geologic Survey (USGS), and other
partners. In 1998, USGS and the District began a
project to establish a network of stream gauges in
northern Kentucky. Over the next three years, eight
solar-powered water quality monitoring stations were
installed throughout the district. Designed to monitor
water temperature, dissolved oxygen, pH, specific
conductance, and turbidity continuously, the stations
provide the District with data to support its watershed
management efforts.
The District completed an initial watershed study in
2002, and although the analysis has not been finalized,
it indicates a comprehensive approach is necessary to
improve water quality in northern Kentucky. As part
of the study, the District developed a set of protocols,
Adaptive Management, that can be applied across the
numerous sub-watersheds that make up the District’s
four major watersheds. The protocol continuously
reassesses the progress of watershed projects in a 5-year
cycle by examining implementation, and monitoring,
and by adjusting future activities based on past results to
maximize the environmental benefit.

infrastructure.
The District categorizes its system as not just a
watershed approach, but an integrated approach to water
resource management. Combining the CSO LTCP and
SSOP in the framework of the watershed affords the
District the opportunity to accomplish a great deal in
the most efficient way; however, it still faces numerous
challenges. Recently, a local drinking water utility
decided to challenge under the SDWA a National
Pollutant Discharge Elimination System permit issued to
the District. The permit, which was designed to exceed
state and federal regulations under the CWA, would
eliminate multiple SSO locations. The utility believes
that EPA should address conflicts between the CWA and
SDWA that arise as result of innovative projects.
The District hopes to ultimately create an innovative,
integrated watershed approach. Unlike traditional
programs used to address only CSOs and SSOs, the
District’s watershed approach is designed to also combat
water quality impairments— including sediment, organic
enrichment, pathogens, and habitat alteration—that occur
outside of the sanitary system.

The District is beginning to involve community members
and plans to establish four watershed community
councils in each major watershed. The District hopes to
create a council where District officials can meet with
individuals in the surrounding communities and receive
feedback on proposed plans. In addition, the District has
a community education component for its storm water
and waste water services, and it plans to add additional
education programs about the watershed and the consent
decree, once the decree is approved.
The District’s ultimate goal is to demonstrate that
investment in the watershed approach results in
significant in-stream water quality benefits. The plan,
as outlined in the consent decree, is estimated to cost
$880 million dollars over the next 20 years, although
costs could reach as much as $1.1 billion. The funds will
be generated chiefly through rate increases. However,
to minimize the impact on customers, the District is
seeking grants and low-interest-rate bonds. Jim Gibson
described the District’s responsibility this way: “Quite
honestly, it’s to spend our ratepayers’ funds as efficiently
as possible. Our District is funded with ratepayer
dollars, and we have a fiduciary responsibility to them.”
Sixty-seven percent of the funds will be directed towards
updating the sewer system to correct overflow problems,
with the remainder directed to capital investments
in treatment plants, pump stations, and storm water
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or more information on this system, contact:
Jeffery Eger
General Manager
Sanitation District No. 1
1045 Eaton Drive
Ft. Wright, Kentucky 41017
(859) 578-7465
jeger@sd1.org
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he Philadelphia Water Department (PWD)
has embraced a comprehensive watershed
management program. Based on good science,
the program minimizes pollution from all sources and
achieves a sensible balance between ratepayer costs and
environmental benefits. To accomplish this balance,
PWD reorganized in 2000 to create the Office of
Watersheds in a concerted effort to unite the City with
its water environment, create a green legacy for future
generations, and balance ecology, economics, and equity.
The new office integrates traditionally separate
regulatory programs created under the Clean Water
and Safe Drinking Water Acts for implementation on
a watershed basis. It does so by focusing on regional
integration of water, waste water, and storm water
management, (including “wet weather programs,” such
as combined sewer overflows [CSO] in addition to storm
water), with a new source water protection program for
drinking water. This focus aligns a variety of economic,
community, and environmental goals, and enables city
and regional partnerships to support initiatives that
enhance the health of the region’s waterways and their
stewardship of the local environment.
PWD has adopted a broader, more balanced approach
to managing water at its source and on the land,
directly restoring streams and their habitat. This
approach aids the system in managing the City’s
extensive infrastructure system. Built in the 1950s, the
system was originally designed to meet Philadelphia’s
anticipated population growth to 3 million in the 21st
century. Currently, PWD only serves populations of
2.3 million for waste water services and 1.5 million for
both drinking water and storm water. Additionally, the
industry which once dominated Philadelphia has moved
away from the City. A daunting challenge for PWD is
the need to coordinate 31 municipalities —covering
77 square miles in 4 counties— most of which have no
regulatory requirements driving them to cooperate in

the watershed protection. By employing a watershed
approach, PWD hopes to reduce the costs associated
with maintaining such a large system.
In 1999, PWD was renewing its National Pollutant
Discharge Elimination System (NPDES) permits for
its waste water treatment plants, developing a CSO
program, moving forward with the Storm Water Phase I
regulations, and planning to address forthcoming surface
water treatment regulations. The need for the watershed
initiative was rooted in the reality of insufficient
physical, chemical, and biological information on the
nature and causes of water quality impairments, sources
of pollution, and appropriate remedial measures. This
monitoring deficiency, especially with respect to the
effects of wet weather discharges and receiving water
dynamics, was gaining national recognition.
To address the degrading source water quality and
increasing pathogen regulations in surface water
treatment, PWD recognized the need for watershedbased planning and management to properly define
program objectives. Without a watershed approach, it
would be impossible for PWD to establish a reasonable
basis for balancing investments across competing
regulatory priorities.
The watershed approach offers the best framework for
equating environmental benefits with investments. It
encourages a focus on upstream sources of pollution,
which impair designated and beneficial uses, and
incorporates them into long-range planning efforts.
PWD recognizes that true, long-term environmental
endpoints lie beyond the typical 15-20 year planning and
affordability horizons, and outside the scope of simply
improving water quality. Over the long run, PWD
investments are designed to maximize the quality of life
within and surrounding the watershed. By encouraging
local communities to embrace their streams as a resource
to protect and invest in, and linking the local waterways

to the communities’ economic and social identity, PWD
believes a sustainable solution to watershed protection
can be reached. For these reasons, PWD incorporated
sustainability concepts in its planning and management
efforts, designed to improve and protect the watershed
habitat, and make the waterways swimmable, fishable,
and drinkable, in the City’s redevelopment process.
The wide array of tools and technologies PWD used to
implement its watershed approach includes extensive
application of Geographic Information Systems; a
comprehensive, rotating basin approach to monitoring
(chemical, physical, and biological) that includes wet
weather sampling; expanded cooperative monitoring
with the U.S. Geological Survey; watershed modeling
and pollutant load assessment; storm water basin master
planning and development of associated ordinance and
regulations; internal partnering with other city agencies
to improve regulation and control of land-use activities
affecting water quality and quantity; and wetland
assessment protocols and planning for enhancement or
construction.
PWD is starting to see creative proposals that combine
storm water management with conservation and
sustainable development and that also yield aesthetic
benefits. Hoping to spur a larger dialogue with clients on
sustainable design and its benefits, PWD implemented
new storm water regulations for new and redevelopment
projects in January, 2006. By allowing for flexibility
beyond traditional storm water design, PWD created a
market for storm water and impervious cover trading.
As result, Over 18 million gallons of storm water will
be infiltrated instead of sent to storm sewers each
year. Additionally, numerous entities, including major
businesses, schools, and universities have begun to
employ innovative, Low Impact Development (LID)
designs, including 8 green roofs, a rainwater reuse
systems, and several porous parking lots. While the
innovation is primarily concentrated on larger clients,
PWD hopes that some of the innovative techniques will
filter into residential developments as well.
At $5 per gallon, 18 million gallons of infiltrated storm
water equates to approximately $90 million in potentially
avoided capital costs, not to mention avoided operation
and maintenance costs on tankage. The 18 million
gallons of infiltrated storm water are also roughly 3.6
percent of the additional CSO capture that PWD must
address.

In addition, PWD believes it is creating a market
for water quality trading relative to storm water and
impervious cover. It also hopes to link storm water rate
billing to gross area of impervious cover.
Stream bank fencing used by PWD on a headwaters
tributary reduced fecal coliforms by 90 percent. PWD
also diverted 40 tons of goose droppings away from
water intakes through the creation of a meadow. It
established the first urban storm water wetland in the
City, Saylor Grove Wetland, thereby removing tons of
sediment and creating wildlife habitat. PWD constructed
the City’s first porous pavement basketball court and
recently distributed 200 rain barrels to citizens living
along Wissahickon Creek.
The region has begun to see positive results; river otters
have returned to Philadelphia for the first time in a
century, and shad runs have increased more than sevenfold in 3 years.
With its dedication to a focused mission and the support
of upper management, the Office of Watersheds has
been a valuable investment for PWD. The office’s
large and early investment in monitoring enabled PWD
to understand the state of each of its sub-watersheds
and receiving waters. PWD has also profited from an
expansive community and stakeholder process, an interdisciplinary planning team examining non-traditional
alternatives, pilot testing of management options, a focus
on multiple environmental outcomes on every project,
and successful grant-seeking in support of demonstration
projects.
Ultimately, PWD seeks to incorporate its watershed
implementation plan into its NPDES permit. It continues
to work with regulators to achieve the flexibility
necessary so engineers and scientists can match
appropriate controls with clearly defined objectives.
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or more information on this system, contact:
Howard M. Neukrug, P.E.
Director, Office of Watersheds
Philadelphia Water Department
1101 Market Street
Philadelphia, PA 19107
(215) 685-6319
(215) 685-6043 (fax)
howard.neukrug@phila.gov

