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EXHIBIT 5.1
AUSTIN WATERSHED MASTER PLAN
STORMWATER QUALITY PLANNING

Chapter 5
NATIONAL CASE STUDIES

As part of Denver s commitment to not reinvent the wheel  with regard to stormwater quality
management, five communities with reputations for advanced stormwater management programs
were selected for review.  These communities and the aspect of their program of primary focus
for purposes of this Plan include:

4 City of Austin, Texas:  Watershed Protection Master Plan
4 City of Portland, Oregon:  Clean Rivers Plan
4 Snohomish County, Washington:  Drainage Needs Report
4 City of San Diego, California:  Think Blue San Diego!
4 Prince George s County, Maryland:  Low Impact Development

Although the climates in most of these communities differ from Denver, the planning process
that each has undertaken is relevant nonetheless.  The level of detail and topics addressed in the
case studies vary depending on the specific reason that the community was selected.  For
example, fairly detailed discussions of the planning processes implemented in Austin, Portland
and Snohomish County are provided, while more topic-specific information is provided for San
Diego with regard to public education and for Prince George s County with regard to Low
Impact Development.  Interviews with key managers, literature reviews and website reviews
were completed to obtain information on each of the communities  programs.  The highlights of
each are provided in the remainder of this chapter, along with a summary of key themes relevant
to Denver s stormwater planning process.

CITY OF AUSTIN, TEXAS:  WATERSHED PROTECTION MASTER
PLAN

In 2001, the City of Austin, Texas completed a multi-year,
$2.1 million watershed protection report titled the Watershed
Protection Master Plan Phase I Watersheds Report (Exhibit
5.1).  This plan is cutting-edge in many ways, two of which
include:  1) its integrated approach to flooding, erosion and
water quality issues; and 2) its extensive use of Geographic
Information Systems (GIS) as a tool for watershed planning.
Some of the highlights of this plan follow.

As background, Austin formed its Watershed Protection
Department in 1996 from several existing departments to
reduce the impact of flooding, erosion and water pollution
on the community in order to protect lives, property and the
environment.  To accomplish this mission, the Watershed
Protection Department completed Phase I of a Watershed
Protection Master Plan to better prioritize service needs and
refine program direction.
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The master plan included an extensive public input process that resulted in multiple goals and
objectives.   The first part of the plan details the development of a system to identify and assess
the severity of problem areas, including methods to assign numeric scores to the problem areas,
which could in turn be used in GIS mapping.  Once this system was developed, each stream
segment was assessed regarding creek and local flooding, erosion, and water quality degradation.
The water quality assessment, referred to as the environmental integrity index, included not only
chemical constituents, but also sediment quality, physical integrity, recreation/aesthetics, aquatic
life support, and channel stability.  Following the assessments, the stream segments were scored
and mapped with GIS.  Integrated problem area watershed maps were developed by overlaying
the results of individual assessments to identify areas of concurrent flooding, erosion, and water
quality problems.

The next step in the process was to inventory potential solutions to the identified problems.
From this inventory, a set of preferred solutions was developed for various situations.  Exhibit
5.2 summarizes the preferred solutions by watershed type developed as a result of the Master
Plan.

EXHIBIT 5.2
CITY OF AUSTIN PREFERRED ALTERNATIVES BY WATERSHED TYPE
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To address the problems characterized by the watershed studies, the Master Plan identified the
need to implement a combination of watershed solutions including:

4 Capital Infrastructure Projects:  Over $800 million in capital funds to construct integrated
watershed protection facilities including detention ponds, channel stabilization projects,
and other flood, erosion, and water quality controls.

4 Operating Program Enhancements:  Additional funding of $2 to 5 million per year for
infrastructure maintenance, development review and inspection, public education, and
design support.

4 Regulatory Modifications:  Changes to various codes and criteria to improve customer
service, provide developer incentives, reduce long-term maintenance needs, and prevent
the creation of new watershed problems in the future.

If the additional resources and funding are made available, the city anticipates that it can meet its
erosion and flood goals; however, the city does not expect to be able to attain all of its water
quality goals based on its Phase I Master Plan solutions.  Some of the reasons identified in the
report and in a follow-up interview with Jean Drew, the city s Watershed Master Plan
Coordinator, include:

4 Limited regional retrofit opportunities in urban watersheds and inadequate regulatory
controls in areas outside the city's jurisdiction.

4 Setting potentially unrealistically high water quality goals.  (For example, restoration of
base flows is a significant problem that is not easily addressed.)

4 Inability of the Master Plan scoring  system to credit non-structural BMP methods in
reducing pollution.  (For example, improved lawn care practices were not considered as a
quantifiable factor in nutrient reductions in streams.)

Follow-up interviews with Jean Drew, City of Austin, and Michael Barrett, University of Texas,
identified some of the challenges encountered during the Austin Watershed Master Plan process
that have applicability to Denver s on-going and future work, including:

4 Striking a balance between extensive public involvement and keeping the project moving
forward in a timely manner.

4 Striking a balance between multiple priorities within city departments.

4 Agreeing on level of detail/refinement in assessing the problem (e.g., assigning numeric
scores to problems has its benefits and limitations).

4 Agreeing on appropriate level of refinement/precision for modeling results.

4 Providing an adequate level of cost projections for future work, while still working within
the framework of a planning-level document.
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EXHIBIT 5.3
ATTRACTIVE WETLAND/POND IN AUSTIN

4 Securing future funding to implement the projects identified in the plan.

Several specific aspects of the City of Austin s watershed program that are relevant to Denver s
efforts include:

4 Capital projects are financed by bond monies, transfers from the Watershed Protection
Department s normal operating funds, Urban Water Quality Ordinance fees and Regional
Stormwater Management Participation Fees.

4 All water quality controls within the City of Austin s jurisdiction must achieve a
minimum runoff capture volume of at least the first one-half inch of runoff from the
contributing area once a site reaches 20 percent impervious cover, and the volume
increases based on percent impervious cover.  Under the Save Our Spring (SOS)
regulations in the Barton Springs Zone, higher capture volumes are required for meeting
the pollution reduction standard of no increase in the average annual pollutant load,  and
there is no minimum impervious cover trigger.  It is possible that capture volumes could
be increased as a potential modification of the requirements under the Phase I Report.

4 Runoff treatment standards are based on providing treatment equivalent to a
sedimentation/filtration system designed in accordance with the City of Austin s
Environmental Criteria Manual.

4 Austin encourages redevelopment as a means of promoting infill development.  The
Master Plan notes that waiving existing development standards is one mechanism to
promote redevelopment; however, a consequence of waiving development standards is
worsening of inner city flooding, erosion and water quality problems.

4 In the urbanized/developed
watersheds in Austin, impervious
cover is already high and stream
channel enlargement processes
are already advanced.  Since
Austin s preferred solutions for
runoff treatment are
detention/retention pond solutions
or wetlands that require land
availability (Exhibit 5.3), Austin
worked to inventory as many
potential pond locations as
practical.

4 Austin has pursued projects under
its Regional Stormwater
Management Program for
potential retrofits to provide water quality functions.  These projects have also taken into
consideration Low Impact Development techniques.  As part of the Watershed Protection



Denver Water Quality Management Plan

Chapter 5
Page 5-5

EXHIBIT 5.4
PORTLAND S CLEAN RIVER PLAN

Department s analysis, Austin determined that runoff from at least 25 percent of existing
development needs to be treated to have a significant impact on water quality. For high-
priority receiving waters, runoff from preferably up to 50 percent of existing
development should be treated.  More detailed site-specific investigations were identified
as necessary to determine the best combinations of large-scale regional water quality
ponds and existing pond retrofits.

CITY OF PORTLAND, OREGON:
CLEAN RIVER PLAN
The Bureau of Environmental Services in
Portland, Oregon, is responsible for treating
wastewater, providing stormwater drainage
services, reducing stormwater pollution,
restoring native vegetation and improving water
quality in rivers and streams.  The Bureau serves
over 500,000 people in an 85,000-acre area
comprised of four major watersheds.  There are
two key components of their program:  the
Stormwater Management Manual, updated in
2002, and Portland s Clean River Plan, which
was released in 2000 and revolves around ten
actions for success  and which identified $877
million worth of needed projects. The Clean
River Plan is the primary focus of this
discussion.

Because much of Portland s effort was driven by significant problems relating to combined
sewer overflows (CSOs), Portland s Clean River Plan provides a cutting-edge perspective on
reducing storm flow volumes in concert with improving water quality through a variety of
innovative approaches.  The plan, itself, provides a concise big-picture vision, along with
specific goals, in the form of a relatively brief, full-color document that can be widely distributed
and understood by citizens and officials with widely varying backgrounds. Some of the
highlights of Portland s Clean River Plan follow.

One of the main thrusts of Portland s Clean River Plan is to address the city s water quality
problems using solutions that address more than one problem at a time in order to minimize
costly single-purpose infrastructure such as large pipes, expanded treatment plants and pump
stations.  The planning strategy involved reviewing each of the four watersheds using consistent
assessment strategies and solution option evaluations.  As was the case for the City of Austin,
numeric scoring criteria were developed and assigned as part of the process.

As a result of this process, Ten Actions  to improve the rivers, along with cost estimates for the
program over a 20-year planning horizon, were developed.  A brief overview of these actions
follows.  Actions that are particularly innovative and/or potentially applicable to Denver are
discussed in more detail.
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4 Plant trees, native vegetation and create buffers and shade along streams (Cost:  $54
million).  Tree planting is particularly important to Portland due to stream temperature
standard violations and threatened and endangered fish species issues.  The presence of
woody debris in streams is also important for fish habitat.  The city has a program for
partnerships with streamside landowners to preserve natural riparian vegetation, plant
trees and native vegetation, and remove invasive, non-native plants.  There is also a goal
to increase urban canopy.  The adoption and enforcement of existing and new
development standards to protect existing stream buffers and create new stream buffers is
also high priority.

4 Reduce stormwater flow and pollutants reaching streams (Cost:  $53 million). The
primary focus is Low Impact Development techniques including disconnecting
downspouts, expanding the roof garden program, and a series of pilot projects to reduce
stormwater flows.  Examples of pilot projects include stream diversions, downspout
disconnection, parking lot detention, eco-roof and landscape infiltration projects.
Another priority is to enforce the requirements of the city s Stormwater Management
Manual, which strongly encourages Low Impact Development techniques as the first
priority, followed by swales, ponds, constructed wetlands, vaults, and other stormwater
treatment systems.  They also are developing incentive programs for existing
developments to provide treatment.

4 Enhance Erosion Control from Construction and Development (Cost:  $7 million).
Key actions include providing inspection personnel and equipment, an Erosion Control
Certification Program and a Citizen Reporting System for erosion problems.

4 Increase pollution prevention and source control efforts (Cost:  $7 million).  This
program focuses on removing illicit discharges, increasing outreach to businesses,
developing a comprehensive recognition program modeled on the Eco-Logical Business
Program,  expanding outreach to medium and small businesses that have non-permitted
industries to assist them with techniques to prevent pollution, and enhancing and
maintaining the Soil-Trader  website.  Some specific examples of these efforts include
partnering with specific industry groups each year to develop a set of BMPs for that
industry and developing a technical assistance guide.  The Soil Trader website is a way to
exchange information to recycle clean excavated soil, rather than dispose of it.  Another
example includes a five-year pilot project working with dentists to recycle X-ray fixer
due to its silver content and lead foil and amalgam from pump traps due to mercury
content.

4 Education and Stewardship (Cost:  $9 million).  This includes K-12 and adult
information programs, stewardship grants to local groups that organize and carry out
environmental enhancement work, and development of other educational information.
Public education is a key component of the city s overall strategy.  Free education
programs are offered to schools and communities, in addition to providing community
service projects, stewardship grants and curriculum resources for check out.  A website
has Clean River Games and kid s pages.
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EXHIBIT 5.5
PORTLAND S BUREAU COORDINATION NEEDS

4 Floodplain Restoration (Cost:  $4.5 million).  This involves acquiring flood-prone
properties through willing-seller programs and restoring floodplain functions in specific
watersheds.

4 Monitoring and Watershed Assessments (Cost:  $7.5 million). The key purpose of
these assessments is to provide information to evaluate how the watersheds change over
time.  Monitoring is the foundation of the adaptive management  approach. The
monitoring program includes establishing baseline conditions, monitoring water quality
for a consistent set of constituents, assessing flooding, fish habitat, riparian vegetation,
flow/geomorphology,
and stewardship.
Additional tracking of
program effectiveness is
also included.

4 Coordination and
Partnership. (Cost:
included in baseline city
budgets). The matrix in
Exhibit 5.5 helps to
consolidate which city
departments are involved in
each of the Clean River Plan
goals.  Additional
coordination with state and
federal agencies is also
important, particularly with
regard to the Threatened and
Endangered Species issues.

With regard to Portland s
Stormwater Management Manual,
which is the foundation of stormwater management strategy described above, the key strategy
being emphasized is on-site stormwater management practices.  The city now requires all new
development and redevelopment projects to include onsite stormwater facilities.  The manual
emphasizes the simplified approach  to stormwater management, which focuses on rooftop
systems, porous pavement, planter boxes, vegetated swales, filter strips and basins, sand filters
and soakage trenches, and trees.  Alternative methods include the more traditional stormwater
practices of grassy swales, ponds, constructed wetlands, detention facilities, drywells,
manufactured systems, oil/water separators, and stormwater reuse.  The manual also provides
specific guidance for activity-based pollution controls for fuel-dispensing facilities, above-
ground storage of liquid materials, solid waste storage areas, exterior storage of bulk materials,
material transfer areas/loading docks, equipment/vehicle washing areas, stormwater disposal for
development on recycled land, covered vehicle parking areas, and other requirements.  The
manual specifically outlines facility landscaping requirements for all BMPs involving vegetation.
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EXHIBIT 5.6
PORTLAND S BMP MAINTENANCE GUIDANCE

This includes recommended plant lists, mulch, irrigation, facility screening, and other measures.
Specific operations and maintenance requirements are provided for each BMP.

Property owners are legally responsible for inspecting and maintaining the facilities, and the city
has developed illustrated handbooks (Exhibit 5.6) for homeowners and property owners that
clearly describe stormwater facility operation and maintenance guidelines, including inspection
record forms.

Other highlights of the Portland program with
regard to financing and stormwater treatment criteria
include:

4 Financing is through sewer fees.  Sewer rates
are expected to increase from $33/month to
$97/month by 2020.

4 All new development and redevelopment
with over 500 sq. ft. of impervious
development footprint area is required to
comply with Portland s stormwater manual
requirements.  The requirement is removal of
70 percent of total suspended solids (TSS)
from runoff generated by a design storm up
to and including 0.83 inches of rainfall over a
24-hour period.  In addition to this standard,
projects discharging to waterbodies with
established TMDLs also have to comply with
pollutant removal requirements for that
waterbody. On-site infiltration is required to the maximum extent possible due to the
CSO problem.

4 A new department called the Sustainable Stormwater Management Group  has been
formed to focus solely on stormwater management opportunities in new development and
redevelopment and other acute problem areas (Liptan 2003).
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EXHIBIT 5.7
SNOHOMISH COUNTY DRAINAGE NEEDS REPORT

SNOHOMISH COUNTY, WASHINGTON

Snohomish County, WA, recently completed a two-year, $12 million study called the Drainage
Needs Report (Exhibit 5.7).  The goals of this report were to develop a better understanding of
drainage systems, streams and wetlands and to plan for existing and future infrastructure needs in
a way that:

4 Reduces road and property flooding
4 Protects and enhances aquatic habitat
4 Reduces stormwater pollution and erosion from stormwater runoff

Snohomish County s Surface Water Management Division selected this integrated approach
because they have found that flooding problems (and their solutions) are usually intertwined with
other surface water issues, such as aquatic habitat, water quality and erosion.  This is also
particularly true in their area due to threatened and endangered species issues.  The plan relied
heavily on Global Positioning System (GPS) and GIS mapping of drainage systems that covered
73 square miles.  As part of the study, 11 individual drainage systems were evaluated in detail
regarding the following issues:

4 Drainage problem area
4 Water quality
4 Aquatic habitat
4 Size and location of culverts/pipes for drainage and fish passage
4 Other drainage-specific information

Studies in the larger basins included significant hydrologic and hydraulic computer modeling.
Recommendations for improvements to all of the basins were provided.  The study resulted in
378 recommended projects totaling
approximately $123 million.  The
majority ($84 million) of the
projects involved flooding issues
typically combined with other issues,
while $4.1 million addressed water
quality only, $6.9 million addressed
erosion only and $27 million
addressed habitat only.

Specific components of the Drainage
Needs Report include:  a drainage
inventory, information on how to use
the report, project implementation
strategies, guiding principles and
methodology for evaluating the
drainage basins, overall program
recommendations, and study results
for each of the 11 basins.  The
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EXHIBIT 5.8
SNOHOMISH ANNUAL ACHIEVEMENT REPORT HIGHIGHTS DETENTION FACILITY RETROFITS

individual basin reports, which formed the basis for the overall report, addressed these topics:

4 Basin characteristics
4 Hydrologic and hydraulic modeling to address flooding
4 Habitat assessment
4 Water quality analysis
4 Channel erosion assessment
4 Capital Improvement Project (CIP) guidelines
4 Existing and future problems
4 CIP development, alternatives analysis, and recommend solutions
4 Recommended plan

GIS and scoring-type approaches were used to prioritize project recommendations.
Implementation considerations such as land acquisition, public or private ownership, and
whether the project required early action were also noted.  Project sequencing, funding,
permitting, maintenance, and additional study requirements were also identified.

Several general recommendations of the report included retrofitting detention ponds (Exhibit 5.8)
and open ditches to provide water quality benefits and working with landowners to implement
BMPs such as preserving streamside vegetation, properly managing livestock, maintaining septic
systems, etc.
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In addition to the Drainage Needs Report, there are other key components to the Surface Water
Management Division s program.  Extensive information is available on their website, including
a detailed description and photograph catalogue of water quality problems and a reporting
hotline number.  Key programs covered by their department include community partnerships,
water quality, aquatic habitat, urban drainage, and river flooding.  The community partnership
program is well developed with specific programs to address native plants, salmon, watershed
education, watershed stewardship, and volunteer opportunities.  Some of the activity areas
highlighted in a recent annual achievement report (2001) include:

4 Stormwater detention facility retrofits to incorporate stormwater quality benefits and
smaller storm detention into older facilities.

4 Detention facility maintenance program. This program has a database inventory of over
800 residential and Public Works drainage facilities, owned and maintained by either the
County or homeowners.  Over 200 facilities are inspected yearly and County crews
maintained approximately 60 facilities in 2001, including some large rehabilitation
projects to improve facility performance.  The program has a strong public education
program, making hundreds of citizen contacts annually.  The cost of this program was
about $440,000 for the year.

4 Large woody debris program.  The program involved providing large woody debris to
streams for aquatic habitat and streambank stabilization.  The cost of the program was
$154,000 for the year.

Other aspects of Snohomish County s program, including stormwater treatment criteria, include:

4 Annual service charges are billed in conjunction with property taxes based on land use
classification and/or amount of impervious surface coverage as identified in their Index
of Land Use Classifications and Rate Categories.   In areas designated as Clean Water
Districts, representative annual service charges are $33.01/single family parcel up to
$99.02/quarter acre of very heavy development.

4 Snohomish County s stormwater criteria are based on the Washington Department of
Ecology s criteria.  On-site stormwater management  is required for new development if
2,000 square feet or more of impervious area is added or replaced and land-disturbing
activity includes 7,000 square feet or greater.  Additional measures including runoff
treatment,  flow control and other measures are required if the new development creates
or adds 5,000 square feet of impervious surface, converts ¾ or more acres of native
vegetation to lawn or landscaped areas or converts 2.5 or more acres to pasture. The
requirements for redevelopment are similar but provide some flexibility to not discourage
redevelopment.

4 On-site stormwater management  (referenced above) requires BMPs that infiltrate,
disperse and retain stormwater runoff onsite to the maximum extent feasible without
causing flooding or erosion impacts.  Roof downspout control BMPs and dispersion and
soil quality BMPs (or their functional equivalents) are required to reduce the hydrologic
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EXHIBIT 5.9
THINK BLUE SAN DIEGO!

disruption of developed sites.  The intent is to use inexpensive practices on individual
properties to reduce the amount of disruption to the natural hydrologic characteristics of
the site.

4 Runoff treatment  (referenced above) requires construction of stormwater treatment
facilities based on pollution generating impervious surfaces (PGIS) and pollution
generating pervious surfaces (PGPS).

4 Snohomish County has a well organized website with detailed information available at
www.surfacewater.info.

4 The Surface Water Management Division has about 75 people, who Director Joan Lee,
P.E., credits for a high level of competence and cooperation, enabling the success of the
program (Lee 2003).

SAN DIEGO, CALIFORNIA

The goals of San Diego s Stormwater Pollution
Division and their stormwater program include:

4 Investigation:  This includes testing for
pollutants at over 300 locations and
recognizing that everyday activities are a key
pollutant source.

4 Pollution abatement:  Key successes have
included adjusting sprinklers/watering
schedules and working to reduce pollution
from construction sites and restaurants.

4 Education:  Think Blue San Diego (www.thinkbluesd.org) (Exhibit 5.9).

4 Enforcement:  This includes a Stormwater Code Enforcement Team ( stormwater cops ),
citations and fines of $100-10,000/day, and a pollution reporting hotline.

4 Additional Funding:  The city recognizes its need for more funding for cleaning and
maintenance of the storm drain system and has identified obtaining additional funding as
a priority.

The City of San Diego has won multiple national awards over the last several years for their
public education work related to stormwater.  Award-winning aspects include the Think Blue
campaign and the Stormwater and You  employee education video. The Think Blue
education and outreach campaign was chosen as part of EPA s urban city model program in its
non-point source pollution toolbox for municipal agencies.  With its strong emphasis on public
education, Karen Henry, Deputy Director of Public Works, notes that the greatest benefits will
be seen in long-term behavioral changes. A user-friendly website is part of their on-going public


